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Determining Hydrocephalus and V-P Shunt Requirements
After Repair of Myelomeningocele Defects in Infants

Infantlarda Miyelomeningosel Defektlerinin Onarimi Sonrasi Hidrosefali ve V-P
Sant Gereksinimlerinin Belirlenmesi

Luay Serifoglu, ® Semra Isik, @ Mustafa Umut Etli, © Murat Sait Seckin, @ Gonca Giil Ondiic

University of Health Sciences Tiirkiye, Umraniye Training and Research Hospital, Clinic of Neurosurgery, istanbul, Tiirkiye

ABSTRACT

Objective: Myelomeningocele (MM) is an important developmental defect that requires surgical treatment, and hydrocephalus is an important
complication that may develop after surgical closure of the defect. To analyze the factors that may determine the need for shunting in patients
with MM defects and hydrocephalus.

Methods: A retrospective analysis of 103 patients (63 females and 40 males) who were treated for MM between 2016 and 2023 at our institution
was conducted. The infants were divided into two groups: Group 1; those who underwent V-P shunt surgery following MM repair surgeries (n=81)
and Group 2; those who did not receive V-P shunt surgery following MM repair (n=22). Parameters such as head circumference, MM sac integrity,
MM sac location, and birth weight were examined. The results were analyzed to identify any potential differences between the two groups.
Results: The study included 103 patients with MM abnormalities. The rate of V-P shunt insertion was significantly higher in infants with preoperative
hydrocephalus, those with an open MM sac structure, and those with abnormalities in the thoracic/thoracolumbar region.

Conclusion: Development of hydrocephalus and the need for V-P shunt placement after defect repair are crucial in infants born with MM. This
evaluation helps in planning the management of these patients with the aim of minimizing complications and improving the overall prognosis.

Keywords: Myelomeningocele, hydrocephalus, frontal and occipital horn ratio

oz
Amag: Miyelomeningosel (MM) cerrahi tedavi gerektiren énemli bir gelisimsel defekt olup, defektin cerrahi olarak kapatiimasindan sonra

gelisebilecek komplikasyonlar arasinda hidrosefali 6nemli bir yer tutmaktadir. Hidrosefali ile birlikte MM defekti olan hastalarda postoperatif
dénemde sant ihtiyacini belirleyebilecek faktérlerin analiz edilmesidir.

Gereg ve Yontem: Klinigimizde 2016-2023 yillari arasinda MM nedeniyle tedavi géren 103 hastanin (63 kadin, 40 erkek) retrospektif analizi yapild.
Bebekler iki gruba ayrildi: Grup 1; MM onarimi ameliyati sonrasi V-P sant ameliyati gecirenler (n=81) ve Grup 2; MM onarimi sonrasi V-P sant
ameliyati gecirmeyenler (n=22). Bas cevresi, MM kesesi butinliglu, MM kesesinin yeri, dogum adirlidi gibi parametreler incelendi. Sonuglar, iki
grup arasindaki potansiyel farkliliklari belirlemek icin analiz edildi.

Bulgular: Bu ¢alismaya MM anormallikleri olan 103 hastayi dahil ettik. Preoperatif hidrosefalisi olan, MM kesesi yapisi acgik olan ve torasik/
torakolomber bélgede anormalligi olan bebeklerde V-P sant takilma orani anlamli olarak daha yuksekti.

Sonug: MM ile dogan bebeklerde hidrosefali gelisimi ve defektin onarimi sonrasi V-P sant yerlestirilmesi ihtiyaci dnemlidir. Bu degerlendirme,
komplikasyonlari en aza indirmeyi ve genel prognozu iyilestirmeyi hedefleyerek bu hastalarin yénetiminin planlanmasina yardimci olur.

Anahtar Kelimeler: Miyelomeningosel, hidrosefali, frontal ve oksipital boynuz orani

Address for Correspondence: Luay Serifoglu MD, University of Health Sciences Tiirkiye, Umraniye Training and Received: 05.07.2024
Research Hospital, Clinic of Neurosurgery, Istanbul, Turkiye Accepted: 12.07.2024
E-mail: luaybeyin@gmail.com ORCID ID: orcid.org/0000-0003-0253-9950 Publication Date: 25.03.2025

Cite as: Serifoglu L, Isik S, Etli MU, Seckin MS, Ondiic GG. Determining hydrocephalus and V-P shunt requirements
after repair of myelomeningocele defects in infants. Med J Bakirkoy. 2025;21:1-6

@@@@ Copyright® 2025 The Author. Published by Galenos Publishing House on behalf of Bakirkdy Dr. Sadi Konuk Training and Research Hospital.
[TATTE This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License. 1


https://orcid.org/0000-0003-0253-9950
https://orcid.org/0000-0002-6929-7135
https://orcid.org/0000-0002-6929-7135
https://orcid.org/0009-0008-0122-4432
https://orcid.org/0009-0001-3300-2163

INTRODUCTION

Myelomeningocele (MM) is the most common and severe
form of open neural tube defects (ONTDs) and may cause
significant morbidity and mortality due to hydrocephalus,
lower extremity paralysis, and neurogenic bowel and bladder
dysfunction. These conditions require multidisciplinary
management, such as neurosurgical, orthopedic, and
nephrourological treatments (1).

One of the most important hypotheses regarding the
formation of neurological deficits in infants with ONTD is the
“double hit hypothesis” proposed by Heffez et al. (1), which
suggests a two-stage effect. A neural tube defect initially
occurs during neurulation, followed by further damage due
to continuous exposure to amniotic fluid. Additionally, the
skin defect leaves neural tissue vulnerable to mechanical
trauma from the uterine wall and the neurotoxic effects of
amniotic fluid, resulting in additional neurological injury.
The interruption of simultaneous normal neural tube
development can lead to lifelong disabilities, including
paralysis, incontinence, and cognitive impairments (1,2).

The incidence of hydrocephalus in patients with ONTD
varies from 60% to 90%, and 80% of those who develop
hydrocephalus require surgical diversion of Cerebrospinal
Fluid (CSF) (3). Ultrasonography (USG) and magnetic
resonance imaging (MRI) are widely used for the anatomical
assessment of intracranial structures, especially ventricular
sizes, in the follow-up and treatment of hydrocephalus. There
are many techniques to assess hydrocephalus; however, the
frontal occipital horn ratio (FOHR) has been shown to be a
reliable index for clinical diagnosis and follow-up of infantile
ventriculomegaly (4).

The aim of our study was to identify risk factors for
determining the need for CSF diversion surgery in the
postoperative period through preoperative evaluation of
patients with MM.

METHODS

A retrospective analysis of 103 patients (63 females and 40
males) who were treated for MM and MS between 2013 and
2023 at our institution was conducted. The goal of this study
was to identify factors influencing the decision to perform
CSF diversion surgeries, which are ventriculo-peritoneal
shunt (V-PS) surgeries, at our clinic. The infants were divided
into two groups: Group 1; those who underwent V-P shunt
surgery following MM repair surgeries (n=81) and Group
2; those who did not receive V-P shunt surgery following
MM repair (n=22). Parameters such as head circumference
(HC), MM sac integrity, MM sac location, and birth weight
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were examined. Additionally, preoperative ventricular
volumes were measured using transfontanel USGs (TFUSG)
and cranial MRIs to calculate the FOHR. The results were
analyzed to identify any potential differences between the

two groups.

Human subjects: All participants in this study provided
consent or waived consent. This study University of Health
Sciences Tiirkiye, Umraniye Training and Research Hospital
Clinical Research Ethics Committee (decision no: 557, date:
21.12.2023).

Animal subjects: All authors have confirmed that this study
did not involve animal subjects or tissue.

Imaging Technique

For USG, a radiology specialist used a 5-8 MHz curved array
EPIC system probe (Philips Healthcare) through the open
anterior fontanel. This method was used to measure the
sizes of the frontal, occipital, and temporal horns, as well
as the biparietal diameters, across the coronal, sagittal, and
oblique planes.

MRI was performed using a 1.5- Tesla system (Magnetom
Avanto, Siemens Healthcare). The routine MRI protocol
included spin-echo T2- weighted images (slice thickness, 2
mm; interslice gap, 2.2 mm), 3D T1-weighted magnetization-
prepared rapid gradient-echo imaging (MP-RAGE, Siemens
Healthcare), axial 2D T2-weighted fluid-attenuated inversion
recovery (FLAIR) imaging, axial susceptibility-weighted
imaging, and axial echo-planar DWI. The fast protocol
comprised axial, coronal, and sagittal plane T2-weighted
imaging with a slice thickness of 4 mm and an interslice gap
of 5 mm, axial echo-planar FLAIR imaging, axial echo-planar
DWI, and axial T2* and sagittal T1* volumetric interpolated
breath-hold examination (VIBE) imaging techniques. In
particular, ventricular volumes were measured using coronal
and axial T2-weighted images.

Evaluation of Images

The USG were reviewed by two neurosurgeons and one
pediatric neuroradiologist, each with a minimum of 10
years of experience in their field. Coronal USG images were
examined to determine the bifrontal horn size, maximum
bitemporal horn size, maximum bioccipital horn size, and
maximum biparietal calvarial size. The same team analyzed
the MRI ventricular volumes using analyze software (version
12.0, Analyze Direct). In MRI, T2-weighted image signal
intensities were normalized within a range of 0 to 1 and
segmented using a region-growing technique, as described
in previously published studies (5,6). For the FOHR,
measurements were made of the bifrontal horn diameter
at approximately the largest frontal horn size at the level
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of the foramen of Monro, bilateral occipital horn diameter

at the largest occipital horn size at the level of the atria of
the lateral ventricles, and the biparietal size at the largest

Figure 1. Axial MRI image showing linear measurements used to
calculate the frontal occipital horn ratio: Bifrontal horn dimension
(arrow AB), bioccipital horn dimension (arrow CD), and biparietal
dimension (arrow EF)

MRI: Magnetic resonance imaging

Figure 2. Coronal MRl image showing linear measurements used to
calculate the frontal temporal horn ratio: Bifrontal horn dimension
(arrow GH), bitemporal horn dimension (arrow IJ), and biparietal
dimension (arrow KL)

MRI: Magnetic resonance imaging

transverse calvarial dimension; all measurements were
conducted on axial (Figure 1) and coronal (Figure 2) images.

The FOHR was calculated as follows: (bifrontal horn
size+bioccipital horn size) / (2xbiparietal calvarial size).

Statistical Analysis

The assumption of normality for continuous variables was
tested using the Kolmogorov-Smirnov test. Categorical
variables are presented as frequencies (n, %), whereas
continuous variables are presented as mean and standard
deviation. Comparisons between two groups for continuous
variables were conducted using the Independent sample
t-test. The relationship between two continuous variables
was examined using the pearson correlation test. For
qualitative comparisons between groups, chi-square tests
(pearson chi-square test and Fisher's exact test) were
used. Results were considered statistically significant at a
confidence interval of 95% if p<0.05. All statistical analyses
were performed using SPSS software version 26 (IBM Corp.,
Armonk, NY, USA).

RESULTS

We included 103 patients with MM abnormalities. The
average weight of infants by the time of MM/MS surgery was
3163.60+624.99 grams. According to routinely performed
preoperative TFUSGs and MRIs on newborns with MM, 81
were diagnosed with hydrocephalus and 22 were found to
be normal. During the postoperative follow-up of 81 infants
with hydrocephalus, 74 required V-P shunt placement and 7
did not. Conversely, among the 22 infants without evident
hydrocephalus, 9 required a V-P shunt insertion in the
postoperative period.

When considering the location of the MM; 22 infants had
the lumbar region, 10 had the sacral region, 8 had the
thoracic region, 23 had the lumbosacral level, and 40 had
the thoracolumbar level. Other characteristics of the infants
were as follows: average HC was 36.56+4.95 cm, lesion
diameter was 5.68+1.90 cm, and the FOHR was 0.52+0.13.
We determined that 77 infants had an open MM sac structure
and 26 had an unruptured sac structure. Additionally, 67
infants were found to have complete paralysis, whereas 28
had partial neurological deficits (Table 1).

The lesion diameter (t=2.606; p=0.011) and the FOHR
(t=10.007; p<0.001) were significantly higher in 81 infants
undergoing V-P shunt procedure. There was no statistically
significant difference in the weight of the infants based on
whether or not they required a V-P shunt surgery (p>0.05).
The rate of V-P shunt insertion was significantly higher in
infants with preoperative hydrocephalus (91% vs. 37%;



p<0.001), those with an open MM sac structure (95% vs.
35%; p<0.001), and those with abnormalities in the thoracic/
thoracolumbar region (92% vs. 71%; p=0.009). Among the
infants who underwent V-P shunt surgery, 75% showed
complete motor and sensory loss, whereas 21% had partial
deficits (p<0.001) (Table 2).

DISCUSSION

MM is known as the most common neural tube defect (NTD);
however, a study by Schindelmann et al. (7) showed that
myeloschisis (MS) is not as rare as it is believed, but rather a
common NTD. Contrary to the literature, their results showed
that MS (31%) occurred more frequently than MM (23%) (7).
Therefore, the distribution and classification of NTDs differ
significantly between studies. The reported incidence of MS
is often lower than the actual incidence, likely due to the

Table 1. Characteristics of babies with myelomeningocele

Variables (n=100) n (%)
Baby weight (gr), mean=SD 3163.60+624.99
Hydrocephalus

Yes 81

No 22
Myelomeningocele pouch structure

Open 77
Closed 26
Ventriculoperitoneal (VP) shunt requirement

Yes 81

No 22

Lesion diameter (cm), mean+SD 5.68+1.90
iaelc;):‘ZEaDd circumference (HC) (cm), 36.5644.95
:::::i-soscipital horn ratio (FOHR), 052+0.13
Lesion location

Lumbar region 22
Sacrum region 10
Thoracic area 8
Lumbosacral region 23
Thoracolumbar area 40
Deficit existence

Yes 67

Partial 25

No 8
Transfontanel ultrasonography (TFUSG)

Yes 94

No 9

SD: Standard deviation
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need for a more detailed neuropathological examination
to ascertain the presence of a neural placode (7). Although
the presence of a membrane (MM sac) and cyst surrounding
the defect is generally considered a distinguishing feature
between MM and MS, the clinical presentation of these
two forms of ONTDs remains the same (8). Our findings
indicate that the presence of a MM sac covering the lesion
or evidence of CSF leakage can be determinant factors for
postoperative hydrocephalus development.

Numerous studies have acknowledged that the absence
of a MM sac significantly increases the risk of developing
postoperative hydrocephalus requiring a V-P shunt (9). In
our study, the need for a V-P shunt placement was found in
34% of cases where the sac was notably intact, compared
with 94% in cases where it was open, which was statistically
significant.

Another important issue in infants with MM is the diagnosis
of hydrocephalus and the timing of treatment. In historical
reports published until 1990, many opted for V-P shunt
implantation at birth even if the HC was within normal
limits (10). Consequently, numerous studies reported high
rates of V-P shunt placement, such as Januschek et al. (11)
reported an 85% V-P shunt rate, Laskay et al. (12) 84.6%,
and Marreiros et al. (13) 70%. However, by tolerating larger
ventricles and applying better postoperative wound care,
few experienced centers have managed to reduce the V-P
shunt rates to 55-65% (14).

Although V-P shunt surgeries are the most effective
and widely used treatment method for hydrocephalus,
alternative treatments have also come to the fore as a result
of recent technological advances. Warf (15) summarized
in their study that techniques such as endoscopic third
ventriculostomy and choroid plexus cauterization can be an
alternative for hydrocephalus in non-developing countries
that cannot support shunt equipments.

The primary concern in the management of infants with
detected preoperative ventriculomegaly is the progression,
regression, or stability of ventriculomegaly. The long-term
neurocognitive impact of allowing larger ventricles is
unknown, but it appears to be insignificant in short-term
evaluations. On the other hand, these patients may be
spared the morbidity associated with repeated operations
and complications due to V-P shunt insertion (14).

To monitor the hydrocephalus and evaluate the timing of V-P
shunt placement, knowing the volume of the ventricles (VV)
is crucial. Data obtained from routine neonatal TFUSGs for
identifying intracranial pathologies or from MRIs for a more
detailed understanding can be used to create VV indices.
In their study, Radhakrishnan et al. (4) found that the FOHR,
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Table 2. Ventriculoperitoneal (V-P) shunt-related variables in infants with myelomeningocele

V-P Shunt requirement

Yes (n=81) No (n=22)
Variables Total, n n (%) n (%) p-value
Baby waight (gr), mean+SD 100 3181.51+638.35 3088.16+575.18 0.5612
Hydrocephalus* < 0.001*
Yes 81 74 (91.4) 7 (8.6)
No 22 9 (36.8) 13(63.2)
Myelomeningocele pouch structure* < 0.001*
Open 77 73 (94.8) 4(5.2)
Closed 26 9 (34.8) 17 (65.2)
Lesion diameter (cm), mean+SD 5.93+1.88 4.67+1.68 0.0112*
Baby head circumference (cm), mean+SD 37.01+5.06 34.56+3.98 0.057
FOHR, mean=SD 0.55+0.12 0.37+0.05 < 0.001%*
Lesion localion* 0.009b*
Sacrum/lumbar/lumbosacral region 52 37 (71.2) 15 (28.8)
Thoracic / tracolumbar area 51 46 (91.7) 5(8.3)
Deficit existence** <0.007¢*
Yes 67 61(75.3) 6(31.6)
Partial 25 17 (21) 8 (42.1)
No " 4(3.7) 7(26.3)

*p<0.05, **Column percentage given, ?Independent sample t-test, ®Pearson chi-square test, “Fisher's exact test, fLine percentage was given, SD: Standard devia-

tion

a VWV index derived from TFUSG and MR, showed a strong
correlation between both imaging methods, and a clinical
FOHR threshold of 0.55 demonstrated high sensitivity in
identifying infantile hydrocephalus (4). Particularly, FOHR
can be used to measure the severity of ventriculomegaly
(16,17). We obtained similar results from preoperative
TFUSG and MRI examinations concerning FOHR results.
A close relationship was found between values exceeding
0.55 and the likelihood of requiring a V-P shunt insertion.

Another significant factor in determining the need for
hydrocephalus treatment and V-P shunt placement is the
routine measurement of HC. The study conducted by Vonzun
et al. (18) showed that preoperative and/or postoperative
HC and ventricular measurements were determinants of the
need for a V-P shunt in the first year of life. They found that
a HC above the 95" percentile predicted an 80% likelihood
of needing a V-P shunt due to late hydrocephalus (18). We
found this rate to be approximately 81% in infants with a
HC of 37 cm or more, which is similar to the findings of
Protzenko et al. (19), who showed that a birth HC of 38 cm
or more was a significant factor for V-P shunt requirement.

We observed that regardless of the morphology of the
defect, there is a greater need for V-P shunt placement in
patients with lesions located in the thoracic level, larger than
5 cm in diameter, and those with more severe deficits in our

study. Some studies have indicated that the development
of hydrocephalus is generally not related to the anatomical
level or size of the lesion but rather to MS (1-20). Another
study showed that hydrocephalus and the need for a V-P
shunt placement were more common in higher spinal-
level lesions (19). We believe that a possible reason for
these differing results might be not fully understanding
the distinctions between MM and MS. Additionally, similar
to our findings, no significant impact of birth weight and
gender has been identified on the need for a V-P shunt (18).

Considering all results, it was observed that knowing
parameters such as the size and level of the lesion, the
integrity of the sac, HC, and FOHR can play a role in
determining the risk and the need for a V-P shunt due to
hydrocephalus that may develop after MM repair.

Study Limitations

This study is limited by its single-center nature and relatively
small number of patients. The findings could be more
definitive when considered by larger groups and various
centers, leading to the development of guidelines or scales.

CONCLUSION

In infants born with MM, determining the development
of hydrocephalus and the need for V-P shunt placement



after defect repair is crucial. The shunt procedure, while
life saving, is associated with numerous complications.
Therefore, evaluating the lesion and ventricular condition
in the preoperative period is essential to understand which
cases carry a higher risk and to make certain predictions
regarding the outcome. This evaluation helps in planning the
management of these patients with the aim of minimizing
complications and improving the overall prognosis.
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ABSTRACT

Objective: This study aimed to examine the relationship between gestational diabetes mellitus (GDM) and fasting blood glucose (FBG), thyroid
function tests, and HbA1C values in the first trimester of healthy pregnant women who do not have DM and visit our gynecology and obstetrics
polyclinic for regular checkups.

Methods: This retrospective study included pregnant patients who applied to the Karaman Training and Research Hospital, Clinic of Obstetrics
and Gynecology between 01.08.2023 and 01.05.2024. The department applied statistical analyses using the Statistical Package for the Social
Sciences (SPSS Inc., version 20.0; Chicago, IL). Statistical significance was set as p<0.05.

Results: Our study included 78 patients: 59 (75.6%) were in the non-GDM group and 19 (24.4%) were in the GDM group. We calculated the under
the curve as 0.912 (0.60-0.96) for 2" trimester FBG at a cut-off value of 88 and 0.786 (0.37-0.93) for 2" trimester HbA1C at a cut-off value of 5. We
observed that both 2" trimester FBG and 2™ trimester HbA1C significantly outperformed 1%-trimester FBG in predicting GDM (p=0.00, p=0.04).
It was observed that 2"-trimester FBG predicted GDM significantly better than 2"-trimester HbA1C (p=0.028). Although no statistically significant
difference was detected between 1° trimester HbA1C and 2™ trimester HbA1C in predicting GDM (p=0.481), it was observed that 2 trimester
FBG predicted GDM statistically significantly better than first trimester HbA1c (p=0.004).

Conclusion: First- and second-trimester HoA1c and FBG and oral glucose tolerance test (OGTT) values can predict gestational diabetes. HbA1C
cannot be used instead of OGTT, but it is an important predictor.

Keywords: Gestational diabetes mellitus, fasting blood glucose, HbA1c, thyroid function test

6z
Amag: Calismamizin amaci, kadin hastaliklari ve dogum poliklinigimize dizenli kontrollerine gelen saglikli ve bilinen diabetes mellitus (DM) tanisi
olmayan gebelerin birinci trimesterdeki aclik kan sekeri (AKS), tiroid fonksiyon testleri ve HbA1C degerlerinin gestasyonel DM (GDM) ile iligkisini
degerlendirmektir.

Gereg ve Yontem: Calismamiz retrospektif olarak planlanmis olup, Karaman Egitim ve Arastirma Hastanesi, Kadin Hastaliklari ve Dogum Klinigi'ne

01.08.2023-01.05.2024 tarihleri arasinda bagvuran gebe hastalar calismaya dahil edildi. istatistiksel analizlerde SPSS Inc., versiyon 20.0; Chicago,
IL kullanildi. Istatistiksel anlamlilik p<0,05 olarak kabul edildi.

Bulgular: Calismamizda toplam hasta sayisi 78 olup hastalarimizin 59'u (%75,6) GDM olmayan, 19'u (%24,4) ise GDM olan gruba dahildi.
Hesaplanan egri altinda kalan alan degeri 2. trimester AKS i¢in 88 kesim degerinde 0,912 (0,60-0,96), 2. trimester HoA1C icin 5 kesim degerinde
0,786 (0,37-0,93) olarak hesaplandi. ikinci trimester AKS'nin ve 2. trimester HbATC'nin 1. trimester AKS'ye gére GDM'si, istatistiksel anlamli olarak
daha iyi 6ngérdiigii gézlemlendi (p=0,00, p=0,04). ikinci trimester AKS'nin 2. trimester HbA1C'ye gére ise GDM'si istatistiksel anlamli olarak daha
iyi 6ngérdigi gézlemlendi (p=0,028). ikinci trimester AKS'nin 1. trimester HbA1C'ye gére GDM'si istatistiksel anlamli olarak daha iyi ngérdigi
gozlemlendi (p=0,004).
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Sonug: Birinci ve ikinci trimester HbA1C ile ikinci trimester FBG ve OGTT degerleri, gestasyonel diyabeti 6ngérebilmektedir. HbA1C, OGTT

yerine kullanilamaz ama énemli bir prediktordr.

Anahtar Kelimeler: Gestasyonel diabetes mellitus, aclik kan sekeri, HbA1c, tiroid fonksiyon testleri

INTRODUCTION

Gestational diabetes mellitus (GDM) is a metabolic
disease diagnosed during pregnancy (1,2). Although its
prevalence has been gradually increasing, the average
is 17.8% (9.3%-25.5%) (3). Mothers diagnosed with GDM
have a higher risk of adverse birth outcomes, and their risk
of being diagnosed with type 2 DM in later life increases
by sevenfold (4-6). Important risk factors for GDM: body
mass index >38.6 kg/m? fasting blood glucose (FBQ)
(rapid blood sugar)> 81 mg/dL, presence of polycystic
ovary syndrome, and abdominal circumference >91.5 cm.
The multiple coexistence of these risk factors significantly
increases the incidence of GDM (7). Thyroid hormones are
a group of hormones that are very important for both the
mother and the fetus in maintaining current and long-term
health (4). Thyroid stimulating hormone (TSH), free thyroxine
(FT4), thyroglobulin, and thyroid peroxidase antibody (anti-
TPO) are the most commonly used tests to measure thyroid
functions (4). Thyroid dysfunction is closely related to DM;
While the prevalence of thyroid dysfunction increases in
patients diagnosed with type 1 and 2 DM, the risk of type
2 DM also increases in people with thyroid dysfunction
(4-7). Physiological changes are observed in thyroid function
during pregnancy, and inadequate adaptation to these
changes leads to thyroid dysfunction (8).

Glycosylated hemoglobin (HbA1C) is a test used for the
diagnosis and follow-up of Type 2 diabetes. The HbA1C
test reflects the average glucose concentration over the last
two to three months. FBG and oral glucose tolerance test
(OGTT) are instantaneous values. Fasting is not necessary
for HbA1C analysis (7,9). The ADA has accepted an HbA1C
level of 26.5 among the diagnostic criterion for diabetes
(10). There are many studies in the literature that evaluate
the relationship between thyroid function tests (TFT) (4-6)
and HbA1C and GDM (11,12). However, there are a limited
number of studies in which TFT, fast blood glucose (FBG),
and HbA1C were evaluated together (13), and the first
trimester (14), and comparisons of the first and second
trimesters were investigated (15).

Aim
The primary aim of our study was to evaluate the relationship
between GDM and TFT, FBG, and HbA1C values in the first

trimester of pregnant women who are healthy and have no
known diagnosis of DM and come to our gynecology and

obstetrics polyclinic for regular checkups. Our secondary
aim was to compare the relationship between FBG, TFT and
HbA1C values in the first and second trimesters with GDM.

METHODS

Study Design

Our study was planned retrospectively, and pregnant
patients who applied to Karaman Training and Research
Hospital, Clinic of Obstetrics and Gynecology between
01.08.2023 and 01.05.2024 were included in the study.
This hospital is a high-volume regional hospital with
intensive referrals. The instant study was carried out with the
permission of Local Ethics Committee of the Karamanoglu
Mehmetbey University Faculty of Medicine (number: 06-
2024/19, date: 30.05.2024).

Patient Population

Pregnant women with live singletons, over the age of 18,
who regularly came for pregnancy follow-up, and whose
last menstrual date was known were included in our study.
Pregnant women with known type 1 and type 2 DM, multiple
pregnancies, anomalies, pregnant
women who did not accept OGTT screening or could not
tolerate OGTT, pregnant women with comorbidities, and
pregnancies that ended with abortion and baby death in

pregnancies  with

the womb during their follow-up were not included in the
study.

Data Collection

Obstetric information of pregnant women (gravide, parity,
abortion), age, height, weight, examination findings, 1 and
2 Trimester FBG, HbA1C, TFT, 75 gr. OGTT results were
recorded by scanning the hospital database. In our study
population, those diagnosed with gestational diabetes
and those not diagnosed with gestational diabetes were
recorded. The 1¢t trimester test results were obtained with
data between the 6" and 13" weeks of pregnancy, and the
2m trimester test results were obtained with data from the
24 and 28" weeks of pregnancy of the same pregnant
women.

Diagnosis of GDM: GDM was diagnosed with routine
examination and OGTT scan results. GDM was diagnosed
with 75-g oral OGTT according to American Diabetes
Association (ADA) criteria (10). Gestational diabetes was
diagnosed when one of the following criteria was positive:
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FBG: 92 mg/dL, 180 mg/dL in the 1% hour after OGTT, and
153 mg/dL in the 2" hour after OGTT.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS Inc.,
version 20.0; Chicago, IL) was used for statistical analyses
applied to the department. Normal analysis of continuous
data was performed using the Shapiro-Wilk test. Those with
normal distribution were determined using Student’s t-test.
Those that did not conform to the normal distribution were
evaluated using the Mann-Whitney test and Brunner Munzel
test. The HbA¢, fasting blood sugar, and other hormonal
parameters of pregnant women diagnosed with and without
GDM were compared using the Mann-Whitney U test and
Brunner Munzel test. A receiver operating characteristic
(ROC) curve was created for gestational diabetes, and the
area under the curve (AUC) values for individual variables
were obtained. The AUC values of the parameters were
calculated and tested mutually for significance using the
Delong quality test. Statistical significance was set as
p<0.05.

RESULTS

In our study, the total number of patients was 78, 59 (75.6%)
of our patients were in the non-GDM group and 19 (24.4%)
were in the GDM group. Considering the first trimester
values, FBG was an average of 85.0£6.3 mg/dL in the non-
GDM group and 87.0+6.6 mg/dL in the GDM group, and
there was no statistically significant difference (p=0.245).
HbA1C was an average of 5.2+0.3% in the non-GDM group
and 5.4x0.3% in the GDM group, and there was a statistically
significant difference (p=0.002). Free T3 (FT3) was 2.9+0.4
ng/dL, and there was no statistically significant difference
(p=0.458). The average free T4 (FT4) level was 1.2 (1.1 to
1.2) ng/dL in both groups, and there was no statistically
significant difference (p=0.514). There was no significant
difference between the two groups in terms of TPO and TG
antibody status (p=0.813, p=0.982 respectively).

When the second trimester values were examined, the
average FBG was 82.2+5.8 mg/dL in the non-GDM group
and 93.6+6.2 mg/dL in the GDM group, and a statistically
significant difference was found (p<0.001). HbA1C was an
average of 4.9+0.3% in the non-GDM group and an average
of 5.3+0.3% in the GDM group. A statistically significant
difference was also found for this parameter (p<0.001). The
average 2" trimester FT3 was 3.0+0.3 ng/dL in both groups,
and there was no statistically significant difference (p=0.826).
The 2" trimester FT4 was 1.0+£0.1 ng/dL on average in both
groups, and there was no statistically significant difference
(p=0.599).

When the OGTT parameters were examined, the OGTT-
FBG, 75 g OGTT 1% hour and 2" hour values were
statistically significantly higher in GDM patients (<0.001,
<0.001, <0.001 respectively). There were no statistically
significant differences in terms of TSH values both in the low
and high categories and between the alternative categories
(p=0.135, p=0.572 in the 1*t and 2" Trimester, respectively).

The demographic data of our patients, the values of FBG,
HbA1c, and TFT in the 15t and 2" trimester, and the OGTT
data are presented in Table 1.

Table 2 presents the AUC values of FBG and HbA1c in the
first trimester. The cut-off value of 1t trimester HbA1C was
statistically significant for the diagnosis of GDM, and the
AUC was calculated as 0.740 (0.94-0.38) for HbA1C at a cut-
off value of 5.2. AUC = 0.591 (0.33-0.81) for 1t trimester FBG
at a cut-off value of 89.

Table 3 presents the AUC values of 2" trimester FBG and
2" trimester HbA1C. The cut-off value of 2 trimester FBG
and 2 trimester HoA1C were statistically significant in the
diagnosis of GDM, and the AUC values were 0.912 (0.60-
0.96) for 2" trimester FBG at a cut-off value of 88 and 0.786
(0.37-0.93) for 2™ trimester HbA1C at a cut-off value of 5.

AUC values were compared in Table 4, and the Delong
test was performed. Accordingly, it was observed that 2
trimester FBG and 2 trimester HbA1C predicted GDM
statistically significantly better than 1% trimester fasting
blood sugar (p=0.00, p=0.04). It was observed that 2
trimester FBG predicted GDM significantly better than
2n trimester HbA1C (p=0.028). Although no statistically
significant difference was detected between 1¢ trimester
HbA1C and 2" trimester HbA1C in terms of predicting
GDM (p=0.481); It was observed that 2" trimester FBG
predicted GDM statistically significantly better than the first
trimester HbATc (p=0.004).

According to the ROC curve analysis, 1%t and 2"¢ trimester
HbA1C and 2 trimester FBG and OGTT values showed
strong performance in predicting gestational diabetes.
Some parameters, such as age, showed lower predictive
performance (Figure 1).

DISCUSSION

In our study, HbA1c was significantly higher in the GDM
group in the first trimester. The cut-off value with the
highest Youden index was 5.2, showing 89.47% sensitivity
and 54.24% specificity in predicting gestational diabetes.
The model demonstrated high prediction performance with
an AUC value of 0.740. First trimester FBG showed 52.63%
sensitivity and 66.1% specificity for predicting gestational
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Table 1. Relationship between demographic characteristics, FBG, HbA1C, TFT, and gestational diabetes

GDM (-) GDM (+) Total p-value
Age (mean SD) 27.3(5.4) 29.6 (5.0) 27.9 (5.4) 0.113
Size (mean SD) 1.6(0.1) 1.6(0.1) 1.6(0.1) 0.839
Weight (median IQR) 67.0 (57.5t0 74.0) 72.0 (60.0 to 81.0) 67.5(58.2 to 76.0) 0.111
Gravida (mean SD)
1 30(50.8) 5(26.3) 35(44.9)
2 11(18.6) 4(21.1) 15(19.2)
3 10 (16.9) 6(31.6) 16 (20.5) 0.171
4 5(8.5) 4(21.1) 9(11.5)
5 3(5.1) 0(0.0) 3(3.8)
Chemical pregnancy (mean SD) 1(1.7) 0(0.0) 1(1.3) 1.000
Abortion story (mean SD)
0 45 (76.3) 15(78.9) 60 (76.9)
1 8(13.6) 4(21.1) 12 (15.4)
2 5(8.5) 0(0.0) 5(6.4) 0481
3 1(1.7) 0(0.0) 1(1.3)
Curettage (mean SD) 1(1.7) 0(0.0) 1(1.3) 1.000
Thyroglobulin (mean SD) 9(15.3) 2(10.5) 1(14.7) 0.982
Thioperoxidase (mean SD) 9(15.3) 4(21.1) 13(16.7) 0.813
1%t trimester
FBG (mg/dL) (mean SD) 85.0 (6.3) 87.0 (6.6) 85.5 (6.4) 0.245
HbA1C (%) (mean SD) 2(0.3) 4(0.3) 52(0.3) 0.002
FT3 (ng/dL) (mean SD) 9 (0.4) 9 (0.4) 9 (0.4) 0.458
FT4 (ng/dL) (median IQR) 2(1.1t01.3) 2(1.2t01.2) 2(1.1t01.2) 0.514
TSH (mIU/L) (median IQR) 3(1.0t02.2) 0(0.5t0 1.6) 20910 2.1) 0.135
2 trimester
FBG (mg/dL) (mean SD) 82.2 (5.8) 93.6(6.2) 85.0(7.7) <0.001
HbA1C (%) (mean SD) 0.3) 0.3) 5.0(0.3) <0.001
FT3 (ng/dL) (mean SD) 3.0(0.3) 3.0(0.3) 3.0(0.3) 0.826
FT4 (ng/dL) (mean SD) 0.1) (0.1) 1.0(0.1) 0.599
TSH level (mIU/L) (median IQR) 1.9(1.5t0 2.7) 1.6 (1.2 10 3.1) 1.9(1.4102.8) 0.572
2.TR-75 OGTT-FBG (mean SD) 82.5(5.9) 94.2 (5.8) 85.3(7.7) <0.001
75 OGTT, 1% hour (mean SD) 125.4 (24.0) 159.8 (27.7) 133.8(28.9) <0.001
75 OGTT-2"¢ hour (mean SD) 101.4(17.2) 128.4(29.1) 108.0 (23.6) <0.001

GDM: Gestational diabetes mellitus, FBG: Fast blood glucose, FT4: Free thyroxine, TSH: Thyroid stimulating hormone, OGTT: Oral glucose tolerance test

Table 2. Receiver operating characteristic analysis of 1** trimester FBG and HbA1C for the prediction of diagnosis

Cut-off

value Sensitivity Specificity =~ NPV% PPV % 95% Cl Youden's index AUC p-value
15t trimester o N . .
FBG (mg/dL) 89 52.63% 81.25% 33.3% 33-81.25% 0.187 0.591 0.121
st +pr
1° rimester 5 89.47% 54.24% 94.12% 38.64%  38.64-9412%  0.437 0.740 0.000

HbA1C (%)

FBG: Fast blood glucose, NPV: Negative predictive value, PPV: Positive predictive value, AUC: Area under the curve, Cl: Confidence interval

10
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Table 3. Receiver operating characteristic analysis of 2™ trimester FBG and 2nd trimester HbA1C for the prediction of diagnosis

Cut-off Sensitivity Specificity =~ NPV% PPV % 95% CI Youden's index AUC P
value value
2ndtrimester o o . . .
FBG (mg/dL) 88 89.47% 81.36% 96% 60.71% 60.71-96% 0.708 0.912 0.000
2"dtrimester o o o . .
HbA1C (%) 5 89.47% 52.54% 93.94% 37.78% 37.78-93.94% 0.420 0.786 0.000

FBG: Fast blood glucose, NPV: Negative predictive value, PPV: Positive predictive value, AUC: Area under the curve, Cl: Confidence interval

Table 4. AUC differences in 1t trimester FBG, 1%t trimester HbA1C, 2" trimester FBG, 2" trimester HbA1C

AUC 1 AUC 2 AUC difference Cl lower Cl upper p (delong test)

1t tr FBG vs. Tst tr HbA1C 0.591 0.740 0.149 0.34 0.041 0.124
1sttr FBG vs. 2nd tr FBG 0.591 0.912 0.322 0.474 0.169 0.00

1*ttr FBG vs. 2nd tr HbA1C 0.591 0.786 0.196 0.382 0.009 0.04

1sttr FBG vs. age 0.591 0.635 0.045 0.257 0.168 0.680
1¢ttr HbA1C vs. 2nd tr FBG 0.740 0.912 0.172 0.289 0.055 0.004
15t tr HbA1C vs. 2nd tr HbATc 0.740 0.786 0.046 0.175 0.083 0.481
15t tr HbA1C vs. age 0.740 0.635 0.105 0.074 0.284 0.251
2 tr FBG vs. 2nd tr HbA1C 0.912 0.786 0.126 0.014 0.238 0.028
2" tr FBG vs. age 0.912 0.635 0.277 0.117 0.437 0.001
2 tr HbA1C vs. age 0.786 0.635 0.151 0.017 0.319 0.077

tr: Trimester, FBG: Fast blood glucose, AUC: Area under the curve, Cl: Confidence Interval, p<0.05, statistically significant

100 4

75 4

= 1st Trimester-FBG

1st Trimester-HbA1C

2nd Trimester-75 OGTT-FBG
2nd Trimester-FBG

2nd Trimester-HbA1C

75 OGTT-1 Hour

75 OGTT-2 Hours

Age

Sensitivity
o
o

4444

50 25
1 - Specificity

Figure 1. Receiver operating characteristic curves for the FBG,
HbA1c, OGTT, and age for the prediction of GDM

FBG: Fasting blood glucose, OGTT: Glucose tolerance test, GDM:
Gestational diabetes mellitus

diabetes. FBG demonstrated moderate predictive
performance with an AUC of 0.591. Although the AUC
difference between HbA1C and FBG was not significant, 1
trimester HbA1c was a strong parameter in predicting GDM
based on the Youden index and AUC values. When 2
trimester HbA1C and 2™ trimester FBG were examined, the

AUC value of HbA1C was 0.786, which was highly predictive
of GDM. It is clear that FBG is a more powerful parameter
for predicting GDM than HbA1C, with an AUC value of
0.912. The AUC difference was statistically significant.

As a result, especially 1% and 2" trimester HbA1C and
2 trimester FBG and OGTT values showed strong
performance in predicting gestational diabetes. Although
there are studies showing that age increases the incidence
of GDM, no statistically significant relationship was found
between age and GDM in our study (2). No statistically
significant relationship was detected between TFT (TSH,
FT3, FT4, TPO, thyroglobulin) and GDM in the first and
second trimesters. Studies investigating the relationship
between TFT and GDM and obtaining different results
have taken place in the literature. In a retrospective study
including more than 2,000 pregnant women, high FT4 was
not observed in pregnant women who developed GDM,;
No significant relationship could be detected between TSH
and GDM (4). In a study by Zhang et al. (5), the relationship
between TSH concentrations and GDM was similar to that
in our study. In another study evaluating the relationship
between FT4 levels and GDM, high F4 levels were shown to
predict GDM (6).

According to our study, although we found a clear
superiority of FBG in the 2" trimester, HbA1C level proved
that it can strongly predict GDM in both the first and second
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trimesters. HbAlc is expected to fall below normal values
during pregnancy. This condition should also be taken into
consideration in the relationship between GDM diagnosis
and HbA1C level (7). Several studies have evaluated the
relationship between HbA1C and FBG levels and GDM
(8,9). In a retrospective study including 107 pregnant
women, it was concluded that HbA1C and FBG could
predict GDM, but TFT such as FT4 and TSH could not be
used in the diagnosis of GDM, similar to our study (8). In a
prospectively planned study, it was concluded that HbA1c
in the first trimester could not be used instead of OGTT, and
a statistically significant relationship was found between
HbA1C and the risk of GDM development (9). In a meta-
analysis evaluating OGTT and HbA1C tests performed in
the second or third trimester of pregnancy, it was found
that HbA1C could predict GDM with an AUC value >0.800
(11). In our study, OGTT FBG and OGTT 1t hour AUC values
were higher than HbA1C. Therefore, according to our study,
we cannot say that we can use HbA1C instead of OGTT.
In a study investigating the relationship between HbA1C
levels in the third trimester and GDM, it was determined
that there was a statistically significant relationship between
HbA1C and GDM, but since the AUC was less than 0.80, it
was determined that HbA1C was not sufficient to predict
GDM (12). In another study examining HbA1C and FBG
values taken in the first trimester, the ability of HbA1C and
FBG values to predict GDM was similar to that of our study
(13). Again, a prospective observational study conducted
in the first trimester determined that HbA1C could predict
GDM (14).

The studies mostly consisted of data from specific trimesters.
The comparison of data obtained in different trimesters, as
in our study, has also begun to take place in the literature.
In a study evaluating 45 patients diagnosed with GDM,
HbA1C levels in both the first and second trimesters
were statistically significantly higher in pregnant women
diagnosed with GDM than in the control group, similar to
our study (15). We also think that many pregnancy-related
complications can be prevented using pre-pregnancy data.
In a prospective study by Alwash et al. (16), pre-pregnancy
FBG levels were associated with GDM. Pre-pregnancy
HbA1C and TFT values will also contribute to the literature.

Study Limitations

Because our study was retrospective, data were obtained
from the hospital data system. Our number of patients was
limited to obtain detailed examinations and both trimester
values of the patients.
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CONCLUSION

First- and second-trimester HbA1c and FBG and OGTT
values can predict gestational diabetes. HbA1C cannot
be used instead of OGTT, but it is an important predictor.
Second-trimester FBG is more powerful in predicting GDM
than first- and second-trimester HbATc and first-trimester
FBG.
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Frequencies and Lines of Pediatric Distal Humerus
Fractures: Where and How are the Fractures?

Pediatrik Distal Humerus Kiriklarinin Sikligi ve Cizgileri: Kiriklar Nerede ve
Nasildir?
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ABSTRACT

Objective: The type, lines, and location of the fracture play an important role in the complications and clinical course of distal humerus fractures
in children. This study aims to demonstrate the fracture lines of pediatric distal humerus fractures on a 2D model, determine where the fractures
are concentrated, and investigate the relationship between these findings and age range.

Methods: A total of 194 pediatric distal humerus fractures were retrospectively reviewed and analyzed. For each fracture, a map of the fracture
lines was drawn and graphically overlaid on the 2D model (anterior, lateral) with this method, fracture lines were determined according to age
ranges. Fracture models and density maps were created.

Results: Our analysis was based on 194 X-ray images of pediatric distal humerus fractures, including 131 male and 63 female patients. It included
14 epiphyses, 83 physes and 97 metaphyses fractures. In the mapping, it was seen that the fracture lines between the ages of 2-6 were mostly
concentrated on the physis. In addition, it was mostly seen in the metaphysis in patients aged 6-12 years.

Conclusion: Pediatric distal humeral fracture lines follow characteristic patterns that are closely related to bone structure and age. Understanding
the characteristics of these fractures can assist surgeons during diagnosis, preoperative planning, and implementation of surgical strategies.

Keywords: Pediatric, elbow, distal humerus, fracture frequency, fracture lines

6z

Amag: Cocuklarda distal humerus kiriklarinin komplikasyonlari ve klinik seyrinde kingin tipi, hatlari ve yeri dnemli rol oynar. Bu ¢alismanin amaci,
pediatrik distal humerus kiriklarinin kirik hatlarini 2 boyutlu bir modelde géstermek, kiriklarin nerede yogunlastigini belirlemek ve bu bulgular ile
yas araligi arasindaki iligkiyi aragtirmaktir.

Gereg ve Yéntem: Toplam 194 pediatrik distal humerus kingi retrospektif olarak incelendi ve analiz edildi. Her kirik igin, kirik hatlarinin haritasi 2
boyutlu modele (6n, yan) cizildi ve grafiksel olarak Ust Uste bindirildi. Bu yontemle, kirik hatlari yas araliklarina gére belirlendi. Kirk modelleri ve
yogunluk haritalari olusturuldu.

Bulgular: Analizimiz, 131 erkek ve 63 kadin hastay iceren 194 pediatrik distal humerus kirdi réntgen gérintistine dayanmaktadir. On dért epifiz,
83 fiziz ve 97 metafiz kingi iceriyordu. Haritalamada, 2-6 yas arasindaki kirik hatlarinin cogunlukla fizizde yogunlastigi gérildi. Ayrica, 6-12 yas
araligindaki hastalarda cogunlukla metafizde gorulda.

Sonug: Pediatrik distal humerus kirik hatlari, kemik yapisi ve yasla yakindan iliskili karakteristik desenleri takip eder. Bu kiriklarin &zelliklerini
anlamak, cerrahlara tani, ameliyat dncesi planlama ve cerrahi stratejilerin uygulanmasi sirasinda yardimci olabilir.

Anahtar Kelimeler: Pediatrik, dirsek, distal humerus, kirik sikligs, kirik hatlari
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INTRODUCTION

Distal
among pediatric orthopaedic injuries, accounting for
approximately 60% of all elbow fractures. These fractures

humerus fractures are a significant concern

occur at the distal end of the humerus, just above the
elbow joint, and are often encountered in children due to
their active lifestyles and vulnerability to traumatic incidents
(1). It is essential for healthcare providers to comprehend
the epidemiology, clinical presentation, classification, and
management of distal humerus fractures, as these fractures
can significantly impact a child’s functional recovery and
limb development (2-4).

Distal humerus fractures in children can vary in severity from
mild to moderate to severe and can be managed through a
range of treatment options, including non-surgical methods
such as casting and surgical procedures such as closed
reduction or open reduction (5). The choice of treatment
depends on various factors, including the fracture type,
degree of displacement, age of the patients, and associated
neurovascular compromise. These fractures demand
specialized care, as complications such as neurovascular
injury and malunion can have lasting effects on a child’s

quality of life (6,7).

The advancement of medical imaging software has led to
the popularization of “fracture mapping”, a novel technique
used to describe the distribution of fracture lines. Fracture
mapping can record the size, shape, number, and orientation
of fracture fragments, and help surgeons determine the most
appropriate treatment (8). In the literature, many different
anatomical regions in adult patients, such as patella fracture
(9), tibia plateau fracture (10), femur intertrochanteric
fracture (11), and distal humerus fracture (12), have been
investigated based on Tri-dimensional (3D) images, and
the results have been published. These studies have shown
that fracture mapping can provide valuable information
for preoperative planning and postoperative evaluation,
ultimately improving patient outcomes. Additionally, the
use of 3D imaging in fracture mapping has the potential to
revolutionize the field of orthopaedic surgery by allowing
for more precise and personalized treatment strategies (10).
However, concerns about created using tomography (CT)
imaging in pediatric patients have led to a paucity of similar
studies for the pediatric population.

The study aimed to map the most common fracture lines
and locations using X-ray (2D) imaging. We hypothesized
that we would find differences in fracture pattern and
location as the physis closes and bone maturity occurs in
different age ranges.

METHODS

Study design

After approval from the local ethics committee, the study
was conducted retrospectively. Patients admitted to our
tertiary hospital with elbow fractures between October 1,
2019, and October 1, 2023, were evaluated. The inclusion
criteria were as follows: (1) distal humeral fractures; (2) under
18 years of age; (3) patients who were followed up in our
hospital for at least 6 months. The exclusion criteria were
as follows: ® >18 years; ® complex fracture (with radius,
ulna, dislocation); e insufficient medical record (Figure 1).
The patients were divided into four groups according to
age: Ages 0-2, ages 2-6, ages 6-12, and ages 12-18 (13).
The etiology of the patients’ injuries, whether surgery was
performed, and the presence of post-fracture complications
were noted. The distal humerus was anatomically noted as
having three regions: Metaphysis, physis, and epiphysis.

Distal Humerus Templates

2D images were imported into Adobe lllustrator (Adobe
Inc., Mountain View, CA, USA) and used as the fracture
mapping templates.

Elbow Fracture

n: 487
Excluded >18 Age
n: 236
Pediatric Elbow Fracture
n: 251
& diudisd Complex Fracture
(with radius, ulna, dislocation)
n: 46

Pediatric Distal Humerus Fracture

n: 205
excluded |Insufficient Medical Record
n:11
Data Analysis

Fracture Lines On Model ' FraMeat'ing

Figure 1. Study flowchart
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Fracture Lines Heat Map

The original Digital Imaging and Communications in
Medicine files were collected and analyzed with Synapse
Vincente (Fujifilm Co., Ltd., Tokyo, Japan). The fracture lines
were clearly observed. These reductive fracture models were
then modified to generate 2D images that were presented
in the same anatomical plane as the templates. In Adobe
lllustrator, the fracture lines were manually drawn onto the
template layer and then graphically overlapped to compile
a fracture map. The superimposition of all layers resulted
in maps showing density variations in correlation with the
frequency and location of fractures.

Statistical Analysis

The IBM SPSS 26 (Chicago, IL, USA) program was used
for statistical analysis. Descriptive statistical methods
(minimum, maximum, median) were used when evaluating
the study data. The chi-square test was used in the analysis
of qualitative independent data. Statistical significance was
accepted as p<0.05.

RESULTS

The patients’ demographic features are presented in Table
1. Among the 194 X-ray images, there are 131 male and 63
female patients, including 32 (16.5%) aged 0-2; 100 (51.5%)
aged 2-6; 53 (27.3%) aged 6-12; and 9 (4.6%) aged 12-18
(Figure 2). According to the fracture area, the epiphysis 14
(7.2%), the physis 83 (42.8%), and the metaphysis 97 (50%)
(Figure 3).

Table 1. Demographic features of the patients

Frequency Percent

(n) (%)

0-2 year 32 16.5

2-6 year 100 51.5
Agerange 412 year 53 27.3

12-18 year 9 4.6

Male 131 67.5
Gender

Female 63 325

Low energy 177 91.2
Etiology

High energy 17 8.8

) 168 86.6
Surgery

) 26 134

(+) 180 92.8
Complication

) 14 7.2

Epiphysis 14 7.2
Fracture Physis 83 42.8
location Metaphysis 97 50.0
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The descriptive features of pediatric distal humerus
fracture patients in age groups are presented in Table 2.
The etiology of fracture and complication rates did not
differ significantly between groups (p>0.05). However,
low-energy falls and fractures without complications were
more common in both groups. A statistical difference
was detected between age groups and fracture regions.
Fracture lines were seen more frequently in the physis in
the "0-2 age” group and in the metaphysis in the "6-12
age” group (p<0.05).

DISCUSSION

The histological structure of the bone, which changes with
age, the anatomy of the distal humerus, and the activity
levels of children at different ages make these fractures

Figure 2. Fracture lines and heat map of pediatric supracondylar
fracture by age range

Metaphysis Epiphysis"r

2] A) &)

Figure 3. Fracture lines and heat map of pediatric supracondylar
fracture by fracture region
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Table 2. Relationship between age range and demographic
features

Age (year)
0-2 26 6-12 1218 P
Male 13 68 41 9
Gender 0.001
Female 19 32 12 0
(+) 20 90 50 8
Surgery 0.001
) 12 10 3 1
Low energy 32 91 47 7
Etiology 0.233
High energy 0O 9 6 2
() 32 90 49 9
Complication 0.226
(+) 0 10 0
Epiphysis 7 5 0
Fracture Physis 24 49 7 3 0.001
region Metaphysis 1 46 44 6

Chi-square test

inevitable. | continues to be a challenge for families and
healthcare professionals. This study is valuable because it
investigates the fracture lines, their localization, and their
relationship with age in pediatric patients presenting with
a diagnosis of distal humerus fracture. The most important
finding of our study was that physeal fractures were more
common in younger age groups, and metaphyseal fractures
were more common in older age groups.

Omid et al. (14) and Cheng et al. (2) found that pediatric
distal humerus fractures are commonly observed in school-
age children. This age group had a higher fracture rate in
our study, which is consistent with previously published
studies. An elevated risk of fracture is a well-known result
of high activity levels, less parental control, and an active
role in public play events. All of this can increase as children
reach school age (15). Distractions that occur during play,
along with the experimentation accompanying the learning
of new informational skills, may also contribute to an
increased risk of fractures. So, we believe that the pattern
of increased injury frequency and severity that we observed
between ages 2-6 and 6-12 could be related to social
development at school age. On the other hand, although
some current publications in the literature (16,17) suggest
that the number of patients is the same for both genders,
in our study we observed that distal humerus fractures are
more common in males, in line with traditional knowledge.

The distal humerus includes several ossification processes
that develop at various ages. The fracture structure changes
when the ossification centres transition from cartilage to
bone. Knowing the general ossification sequence gives the
surgeon important information that helps characterize the

anatomy on radiographs and guide treatment (18). At one
year of age, the capitellum initially appears. Around ages
4-5, the medial epicondyle starts to ossify; this is followed by
the trochlea’s epiphysis around ages 8 or 9. Around age 10,
the lateral condyle often develops last (19,20). The varying
ages at which ossification occurs also explain the frequency
of distal humerus fractures at different ages.

With  the development of intelligence,
technological innovations, and medical imaging software,
intelligent medicine has become popular as a research
topic in orthopaedic literature (21,22). Large amounts of
data can be collected from models CT, X-ray, and magnetic
resonance images of patients, and more objective data
can be obtained about the anatomical region. Due to the
increasing interest in big data analysis to serve orthopaedic
diagnosis, implant design, preoperative preparation,
patient/medical education and treatment using CT images,
Armitage et al. (8) examined scapula fractures and Cole
et al. (23) examined pilon fractures. Over the years, many
anatomical regions, such as the proximal femur (11), tibial
plateau (10), distal radius (24), and calcaneus (25), have been
examined with this hypothesis, and the results have been
published. In their study investigating adult distal humerus
fractures, Wang et al. (12) published the fracture lines and
density map. However, they did not provide data regarding
pediatric patients. High radiation is one of the biggest
obstacles to performing tomography on pediatric patients.
Therefore, we only have X-ray images as data. Using two-
dimensional mapping technology, we characterized the
fracture lines and location characteristics of pediatric distal
humerus fractures in our study.

artificial

Study Limitations

It should be noted that there are certain limitations to this
study. First, this study’s sample size is small. Secondly, since
patients referred to our tertiary hospital were included in
the study, we found that there was a discrepancy between
the surgical rate and the literature. Thirdly, since only AP
and lateral X-ray imaging were evaluated in the study, the
three-dimensional fracture line could not be evaluated.
In addition, drawing the fracture line manually may have
caused subjective results. Finally, there hasn't been any
analysis done on the injury mechanism of pediatric distal
humeral fractures and how it relates to fracture maps.
Further studies could increase the sample size and
investigate the difference. However, our study also had
important aspects. To our knowledge, our study is the first
to examine the fracture mapping method in pediatric distal
humerus fractures.
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CONCLUSION

In conclusion, pediatric distal humerus fractures are common
and cause serious disabilities when inadequately treated.
This continues to be a challenge for treatment practitioners.
Fracture mapping offers numerous advantages, including
precision in assessment, optimized treatment planning,
improved surgical guidance, complication prediction, long-
term monitoring, research potential, and enhanced patient
education.
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ABSTRACT

Objective: Papillary thyroid carcinoma (PTC) is the most common subtype of thyroid cancer. Hashimoto's thyroiditis (HT), a chronic inflammation
of the thyroid gland, is one of the most common autoimmune diseases worldwide. In this study, we aimed to determine the relationship between
PTC and HT and the clinicopathological effects of the combination of HT and PTC on the course of PTC.

Methods: In this cross-sectional retrospective study, PTC cases who underwent surgery and were followed up at our institution’s endocrinology
outpatient clinic between 2014 and 2022 were divided into two groups according to the presence of HT. Demographic data of both groups,
pathological features of the tumor, and preoperative laboratory findings were examined.

Results: A total of 42.4% (n=118) of 278 cases were accompanied by HT. The mean age of the patients was 46.44+12.2 years. The majority of
patients were female (80.6%, n=224). Multifocality was significantly less common in the HT group (p=0.037).

Conclusion: Although multifocality was significantly less common in the HT group, no other statistically significant parameter was discovered in
other clinicopathological findings. In light of these findings, the effect of HT on the course of PTC cannot be clearly determined. Considering the
conflicting results regarding the effect of HT-PTC coexistence on the course of PTC in the literature, a comprehensive prospective study on this
subject is necessary.

Keywords: Clinicopathology, Hashimoto's thyroiditis, multifocality, papillary thyroid carcinoma

oz

Amag: Papiller tiroid karsinomu (PTC), tiroid kanserinin en sik gérilen alt tipidir. Tiroid bezinin kronik enflamasyonu ile karakterize Hashimoto
tiroiditi (HT), diinya capinda en yaygin otoimmiin hastaliklardan biridir. Bu calismada PTC ile HT arasindaki iliskiyi ve HT ile PTC birlikteliginin PTC
seyri Uzerindeki klinikopatolojik etkilerini belirlemeyi amagladik.

Gereg ve Yéntem: Bu kesitsel retrospektif calismada 2014-2022 yillari arasinda kurumumuzda opere olup sonrasinda endokrinoloji klinigimizce
takip edilen PTC olgular HT varligina gére iki gruba ayrildi. Her iki grubun demografik verileri, timérin patolojik ézellikleri ve hastalarin ameliyat
dncesi laboratuvar bulgulari incelendi.

Bulgular: Toplam 278 olgunun %42,4'ine (n=118) HT'nin eslik ettigi goruldu. Hastalarin yas ortalamasi 46,44+12,2 yildi. Hastalarin ¢cogunlugu
kadindi (%80,6 n=224). Multifokalitenin HT grubunda anlamli derecede daha az oldugu gorildu (p=0,037).

Sonug: Multifokalite HT grubunda anlamli olarak daha az gérilmesine ragmen diger klinikopatolojik bulgularda istatistiksel olarak anlamli bagka bir
parametre saptanmadi. Bu bulgular isiginda HT'nin PTK'nin seyrine etkisini net olarak ortaya koymak mimkin degildir. Literatirde HT-PTC birlikteliginin
PTC seyrine etkisine iliskin celiskili sonuglarin oldugu géz 6niine alindiginda bu konuda kapsamli prospektif calismalara ihtiyag oldugu aciktir.

Anahtar Kelimeler: Klinikopatoloji, Hashimoto tiroiditi, multifokalite, papiller tiroid karsinomu
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INTRODUCTION

Thyroid carcinoma is the most common cancer of the
endocrine system, accounting for 3.4% of all cancer types
diagnosed annually (1). Papillary thyroid carcinoma (PTC), a
differentiated thyroid cancer, is the most common subtype.

Hashimoto's thyroiditis (HT), a chronic inflammation of the
thyroid gland, is one of the most common autoimmune
diseases worldwide. It has a prevalence rate of 5-10% and
is characterized by hypothyroidism, positivity of serum anti-
thyroid peroxidase and/or anti-thyroglobulin antibodies,
and lymphocyte infiltration with destruction of thyroid
follicle cells (2).The relationship between PTC and HT is
a long-standing issue. This subject has biomolecular and
clinicopathological aspects, and many related studies
have been carried out. As a result of these studies, many
biomolecular properties in common were found. These
findings include RET/PTC oncogene rearrangement,
BRAF (V600E) mutation partnership, phosphatidylinositol
3-kinase/Akt pathway, CD98 and P43 gene expression, and
human 8-oxoguanine DNA glycosylase gene mutations (3).

From a clinicopathological point of view, HT was investigated
to determine if it increased the risk of PTC development. In
addition, the pathological features and clinical course of PTC
based on HT were also studied. The results of the studies
conducted in these areas do not fully overlap with each
other, and there are serious contradictions at some points. In
this study, we aimed to reveal the clinicopathological effect
of HT-PTC coexistence on the course of PTC by screening
patients diagnosed with PTC who were followed up in our
clinic. We categorized the patients into groups according to
HT association and examined the clinical, pathological, and
laboratory findings of the patients in each group.

METHODS

In this study, we included patients with a diagnosis of PTC
who were followed up in the endocrinology outpatient
clinic of our institution between 2014 and 2022 and whose
surgical pathology results were available in the hospital
data processing system. The patients were divided into two
groups according to the diagnosis of HT in addition to the
diagnosis of PTC based on the surgical pathology results and
were categorized as the PTC and HT group (group 1) and the
PTC-only group (group 2). Demographic data (age, gender)
of the patients in both groups, tumor size in the pathology
result, number of tumor foci, presence of lymphovascular
invasion, presence of extrathyroidal invasion, surgical
margin positivity, serum free triiodothyronine (fT3), free
thyroxine (fT4), thyroid stimulating hormone (TSH) levels,
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and thyroid autoantibody (anti-TPO, anti-TG) levels were
studied. The study was approved by the Ethics Committee
of Manisa Celal Bayar University Faculty of Medicine on
21.06.2023 (approval number: 20.478.486).

Statistical Analysis

The analysis of the obtained data was performed using
statistical package for the social sciences 22.0 software. The
concordance of quantitative data with normal distribution
was examined using the Kolmogorov-Smirnov test. In the
comparison of normally distributed variables between
groups, an independent samples t-test was used, and
descriptive statistics were presented as mean + standard
deviation. Intergroup comparisons  of
distributed variables were made using the Mann-Whitney
U test, and descriptive statistics were presented as median
(minimum-maximum). In the qualitative variables analysis,
chi-square tests were used according to the groups, and
the results were presented as frequencies (%). A p-value of
<0.05 were considered statistically significant.

non-normally

RESULTS

As a result of our study, data from 278 patients with PTC were
obtained. It was observed that in 42.4% (n=118) of these
278 cases, PTC was accompanied by HT. The mean age of
the patients was 46.4412.2+ years. The majority of patients
were female (80.6%, n=224). In the subgroup analyses,
the incidence of HT was significantly higher in female
patients, and the patients with PTC coexisting with HT were
significantly younger. The demographic information about
the patients is presented in Table 1.

Regarding clinicopathological  findings, multifocality
was significantly less common in group 1 (p=0.037).
Extrathyroidal extension (2.5% in group 1 vs. 0.6% in group
2) and surgical margin positivity (9.3% in group 1 vs. 6.9% in
group 2) were proportionally higher in group 1. However,
lymphovascular invasion was proportionally lower in group
1(1.7% in group 1 vs. 3.1% in group 2). None of these three
findings were statistically significant (Table 2).

The mean tumor size was found to be smaller (13.13 mm in
group 2 compared to 11.99 mm in group 1) in group 1, but
this difference was not statistically significant. The majority of
tumor subtypes in both groups were classical and follicular
subtypes. Although the prevalence of the classical subtype
was proportionally higher in group 1 (32.2% in group 1 vs.
22.5% in group 2), this rate was not statistically significant
(Table 3).

When the preoperative laboratory findings of both groups
(fT3, fT4, TSH, anti-TPO, and anti-TG) were examined,
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thyroid autoantibody levels were significantly higher in
group 1. In terms of thyroid function tests, although the
mean TSH level was higher in group 1 (1.72 uU/mL in group
1 compared to 1.37 uU/mL in group 2), this correlation was
not statistically significant (p=0.076). fT3 and fT4 levels were
similar in both groups. The laboratory findings are detailed
in Table 4.

DISCUSSION

The relationship between PTC and HT has long been a
popular topic. The presence of common biomolecular
pathways in both clinical settings requires further

Table 1. Demographic data of the patients

research to reveal the effect of HT on the development
and prognosis of PTC. The literature on this subject
has conflicting results. Age, gender, tumor size,
tumor subtype, tumor foci number (multifocality),
lymphovascular invasion, and extrathyroidal extension,
which we analyzed in this study, are all prognostic
factors of PTC (4). In addition, thyroid function tests
and thyroid autoantibody levels, which are among the
laboratory findings, have also been shown to play a
role in the prognosis of PTC (5). In our study, we aimed
to reveal the clinicopathological effects of HT on the
course of PTC by dividing the PTC cases in our clinic

Group 1 (n=118) Group 2 (n=160) p-value*
Female 103 (87.3%) 121 (75.6%) 0.015
Male 15 (12.7%) 39 (24.4%) 0.015
Mean age (years) 44.64+11.46 47 .68+12.62 0.037
Group 1: Hashimoto's thyroiditis+papillary thyroid carcinoma, group 2: Papillary thyroid carcinoma only,
*Independent sample t-test
Table 2. Clinicopathological properties of the patients

Group 1 (n=118) Group 2 (n=160) p-value*
Multifocality 50 (42.4%) 88 (55%) 0.037
Lymphovascular invasion 2(1.7%) 5(3.1%) 0.452
Surgical margin positivity 11 (9.3%) 11 (6.9%) 0.455
Extrathyroidal extension 3(2.5%) 1(0.6%) 0.185
Mean tumor size (mm) 11.99+11.66 13.13+£14.91 0.473

Group 1: Hashimoto's thyroiditis + papillary thyroid carcinoma, Group 2: Papillary thyroid carcinoma only,

*Chi-square analysis

Table 3. Pathological subtyping of the patients

Tumor subtype Group 1 (n=118)

Group 2 (n=160) Total (n=278)

Classic 38 (32.2%) 36 (22.5%) 74 (26.6%)
Follicular 47 (39.8%) 68 (42.5%) 115 (41.4%)
Classic+follicular 13 (11.0%) 25 (15.6%) 38 (13.7%)
Oncocytic 16 (13.6%) 24 (15.0%) 40 (14.4%)
Solid 4 (3.4%) 7 (4.4%) 11 (3.9%)
Group 1: Hashimoto's thyroiditis+papillary thyroid carcinoma, group 2: Papillary thyroid carcinoma only
Table 4. Preoperative laboratory findings

Group 1 (n=118) Group 2 (n=160) p-value
TSH 1.72+1.44 1.37+1.08 0.076*
fT4 0.876+0.199 0.881+0.146 0.876*
fT3 3.74+0.65 3.68+0.55 0.422**
Anti-TPO 8.5 (0.2-1300) 0.5(0.1-55.5) 0.0001**
Anti-TG 3.94(0.01-800.13) 0.30 (0.02-101.3¢) 0.0001**

Group 1: Hashimoto's thyroiditis+papillary thyroid carcinoma, group 2: Papillary thyroid carcinoma only,
*Independent sample t-test, **Mann-Whitney U test, TSH: Thyroid stimulating hormone, fT4: Free thyroxine, fT3: Free triiodothyronine, anti-TPO and anti-TG:

Thyroid autoantibody
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into two groups according to the coexistence of HT and
by examining the clinical and pathological features of
these two groups.

The demographic analysis revealed that the patients in
group 1 were significantly younger (p=0.037). Moreover,
the incidence of HT with PTC was significantly higher in
women than in men (p=0.015). Both findings are similar
to those of previous studies in the literature.

When the HT-PTC coexistence was examined in terms of
tumor size, we found that the tumor size was smaller in
group 1 (mean 11.99 mm in group 1vs. mean 13.13 mm in
group 2). Although not statistically significant, this result
is in line with the literature. In the study of Cappellacci
et al. (6), the mean tumor size was found to be 13.711.9+
mm in patients with PTC and 17.616.5+ mm in patients
without Hashimoto's thyroiditis, and this difference was
found to be statistically significant (p=0.007). In our
studly, the evaluation of the histopathological data of the
cases revealed contradictory results, consistent with the
literature. When both groups were analyzed in terms of
the number of tumor foci (multifocality), multifocality was
found to be less common in group 1 compared with the
other group, and this result was statistically significant
(p=0.037). When methodologically similar studies were
examined, findings contradicting our results regarding
multifocality were found. Tang et al. (2), Molnar et al. (7),
and Hanege et al. (8) found a higher rate of multifocality
in patients with HT-PTC coexistence. When the two
groups were evaluated in terms of lymphovascular
invasion, no statistically significant difference was
found, but lymphovascular invasion was found to
be proportionally lower in group 1 (1.7% in group 1
compared to 3.1% in group 2). When the literature was
examined, some studies, similar to ours, revealed that
vascular invasion and lymph node metastasis were at
a lower rate in patients with HT-PTC coexistence (2,7).
However, Konturek et al. (9) found a fourfold increase in
the risk factor of level VI lymph nodes in patients with
PTC accompanied by HT.In our study, the surgical margin
positivity was slightly higher in group 1 (6.9% group 2
vs. 9.3% group 1). However, this rate was not statistically
significant. According to the 2015 guidelines of the
American Thyroid Society, microscopic tumor invasion
is categorized as an intermediate-risk group. However,
a more recent study reported that microscopic surgical
margin in patients with PTC was not an independent
prognostic factor for recurrence-free survival (10,11).
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In a meta-analysis by Tang et al. (2), extrathyroidal
extension was found at a lower rate in patients with
HT-PTC coexistence. In our study, a higher rate of
extrathyroidal extension was observed in group 1 (2.5%
in group 1 vs. 0.6% in group 2), but this result was not
statistically significant.

When both groups were analyzed in terms of tumor
subtypes, no statistically significant difference was found
in terms of subtype distribution. The most common
subtypes in both groups were classical and follicular
subtypes. The rates of the oncocytic variant, a less
common form, were similar in both groups (13.6% in
group 1, 15% in group 2).

There are many studies in the literature on how the
coexistence of HT with PTC affects the course of PTC;
unfortunately, they do not conclude whether these
effects are good or bad prognostic factors. In our study,
multifocality was found to be statistically significantly low
in group 1, but the absence of a significant correlation in
other parameters prevented us from making a definite
assumption about the effect of HT-PTC coexistence on
the course of PTC.

Limitation

Because our study was a retrospective cross-sectional
study, the patients analyzed were already diagnosed with
PTC. For this reason, no information could be obtained

regarding the effect of the presence of HT on the
development of PTC. This is a major limitation of our study.

CONCLUSION

It is clear that the association between HT-PTC and HT-
PTC has been a matter of curiosity for a long time, and
many studies have been conducted on this topic. Our
study, like most of the studies in the literature, could not
clearly identify this association as an indicator of good
or poor prognosis, and some contradictory results were
obtained for some of the histological parameters. As a
result, more comprehensive, multicenter prospective
studies on this subject are needed.
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ABSTRACT

Objective: Colorectal malignancies are the third most common cancer types according to the World Health Organization and the second
leading cause of cancer-related deaths. It is the most common type of cancer that results in mortality in lung and prostate cancer and after lung
and breast cancer. Improvements in screening programs, an increase in their availability, and new developments in treatment strategies have
resulted in better survival outcomes in the modern era. In terms of treatment; surgery, chemotherapy, targeted therapies, and immunotherapy
can be used for colon cancer management. Combination regimens of fluoropyrimidine provide a survival advantage over the best supportive
care in the treatment of metastatic colorectal cancer. In addition, adding targeted therapies to standard chemotherapy provided better survival
than chemotherapy alone. As with many other malignancies, better survival outcomes are achieved in colorectal cancers with treatments tailored
according to the molecular characteristics of the tumor. In this study, we aimed to analyze the effects of selected treatments on survival that are
tailored according to molecular differences in metastatic colorectal cancers.

Methods: Patients aged 18 years or older, with pathologically confirmed metastatic colorectal cancer diagnosis, and who are suitable for intensive
combination chemotherapy [Eastern Cooperative Oncology Group 0-2 (ECOG 0-2)], are enrolled in the study. Demographic findings (age,
gender, ECOG performance status), clinical status (metastatic site, systemic treatments administered initially or in further steps, progression-free
survival and overall survival), molecular findings [presence of Kirsten rat sarcoma viral oncogene homolog (KRAS), NRSAS, and BRAF mutations]
and pathology-related data (histological type, differentiation, tumor location, microsatellite instability status, T and N stage, lymphovascular
invasion, perineural invasion for early stage cancers at diagnosis which became metastatic later) were extracted from patients’ files and evaluated
retrospectively. The prognostic status was estimated using the Kaplan-Meier curve.

Results: The median survival time was 33.80+4.83 and the 5-year survival rate was 38%. The median survival time was observed as 29.32+5.33 in
patients with KRAS mutant and 134.17+68.66 in patients with wild KRAS (p=0.005). While the median survival time in patients with neuroblastoma
rat sarcoma (NRAS) mutant is 19.02+0.00, it is 33.80+4.83 in patients with Nras wild (p=0.62). While the median survival time was 26.28+12.14 in
patients with BRAF mutant, it was 33.80+8.39 in patients with BRAF wild (p=0.055).

Conclusion: Survival without treatment is extremely low in patients with metastatic colorectal cancer, and new treatment strategies can be
applied according to the molecular behavior of the tumor. Monoclonal antibodies are the most preferred targeted therapies. Examples of these
antibodies are bevacizumab and aflibercept, which target vascular endothelial growth factor (VEGF), and cetuximab and panitumumab, which
target epidermal growth factor receptor (EGFR). Among these treatments, anti-VEGF molecules are effective regardless of the presence of
molecular biomarkers, whereas anti-EGFR treatments are only effective in the absence of mutations in the EGFR-RAS-RAF-MEK pathway.
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Amag: Kolorektal kanserler Diinya Saglik Orgiitii verilerine gore en sik goriilen 3. kanser tiirii olup kansere bagl 6lim nedenlerinde ise tiim
populasyonda 2. sirada yer almaktadir. Erkeklerde akciger ve prostat kanserinden, kadinlarda ise akciger ve meme kanseriden sonra 6lime
neden olan kanser tipidir. Bu noktada bakildiginda gerek tarama programlarinin olusturulmasi, gerekse tedavi stratejilerinde saglanan gelismeler
glnimuzde sagkalim Uzerine olumlu gelismelerin oldugunu géstermektedir. Tedavi stratejisi agisindan bakildiginda kolon kanserinin yénetiminde
cerrahi tedavi, kemoterapatikler, hedefe yonelik tedaviler ve immuinoterapi uygulanabilmektedir. Metastatik kolorektal kanser tedavisinde
fluoropirimidin kombinasyon rejimlerinin en iyi destek tedaviye kiyasla sagkalim avantaji sagladigi gosterilmistir. Kemoterapiye eklenen hedefe
yonelik tedaviler ile de sadece kemoterapiye kiyasla genel sagkalimda iyilesme saglanmistir. Monoklonal antikorlar en sik uygulanan hedefe yénelik
tedavilerdir. Vaskiler endotelyal biylime faktérini (VEGF) hedefleyen bevacizumab, aflibercept ve epidermal blylme faktord reseptorini (EGFR)
hedefleyen cetuximab, panitimumab bunlara érnektir. Bu tedaviler arasindan anti-VEGF tedaviler, molekiler biyobelirtecden bagimsiz olarak
etkinlik gosterirken, anti-EGFR tedaviler EGFR-RAS-RAF-MEK yolaginda mutasyon olmadigi durumlarda etki gosterirler. Pek ¢ok kanser tirlinde
oldugu gibi, kolorektal kanserlerde de timérin molekiler ézelliklerine gére secilen tedaviler ile sagkalim sonuglari daha iyi elde edilmistir. Bu
calismada metastatik kolorektal kanserlerde molekdler farkliliklarin analizi ve sonucuna gére secilen tedavilerin sagkalim sonuglari arastirilacaktr.

Gere¢ ve Yontem: Calismaya 18 yas ve Uzeri, metastatik kolorektal kanser tanisi patolojik olarak dogrulanmis, performans statlsl intensif
kemoterapi kombinasyonuna uygun hastalar [(Dogu Kooperatif Onkoloji Grubu 0-2 (ECOG 0-2)] dahil edilecektir. Hastalara ait demografik (yas,
cinsiyet, ECOG performans statisut), klinik (metastaz yeri, 1. basamak ve sonraki basmaklarda uygulanan sistemik tedaviler, progresyonsuz sagkalim
ve genel sagkalim sireleri) molekiler [Kirsten sican sarkomu viral onkogen homologu (KRAS), NRSAS, BRAF mutasyon varligi] ve patolojik datalar
(timér histolojik tip, diferansiasyon, timor yerlesim yeri, mikrosatellit instabilite durumu, tanida erken evre olup sonradan metastatik olanlar icin
T, N evresi, lenfovaskiler invazyon, perinéral invazyon) retrospektif olarak hasta dosyalarindan elde edilecektir. Prognostik durumu Kaplan-Meier
ile hesaplanacaktir.

Bulgular: Median sagkalim siiresi 33,80+4,83 ve 5 yillik sagkalim orani %38 olarak bulunmustur. KRAS mutant olan hastalarda median sagkalim
stresi 29,32+5,33 KRAS wild olan hastalarda 134,17+68,66 olarak gozlenmistir (p=0,005). NRAS mutant olan hastalarda median sagkalim suresi
19,02+0,00 iken Nras wild olan hastalarda 33,80+4,83'tur (p=0,62). BRAF mutant olan hastalarda median sagkalim suresi 26,28+12,14 iken BRAF
wild olan hastalarda 33,80+8,39 olarak bulunmustur (p=0,055).

Sonug: Metastatik kolorektal kanserlerde tedavisiz sagkalim son derece dislk olup, timorin molekiler davranisina gére yeni tedavi stratejileri
uygulanabilmektedir. Monoklonal antikorlar en sik uygulanan hedefe yénelik tedavilerdir. VEGF'yi hedefleyen bevacizumab, aflibercept ve
EGFR'yi hedefleyen cetuximab, panitimumab bunlara érnektir. Bu tedaviler arasindan anti-VEGF tedaviler, molekiler biyobelirtecden bagimsiz
olarak etkinlik gosterirken, anti-EGFR tedaviler EGFR-RAS-RAF-MEK yolaginda mutasyon olmadigi durumlarda etki gosterirler.

Anahtar Kelimeler: Kolorektal kanser, metastaz, KRAS, NRSAS, BRAF, monoklonal antikorlar, prognoz

INTRODUCTION

effective only when there are no mutations in the EGFR-

RAS-RAF-MEK pathway (5).
Colon and rectum cancers are common malignancies with
In this study, we aimed to evaluate the effects of the

poor prognoses, especially in advanced stages (1). The
commonly used monoclonal antibodies VEGF- and EGFR-

prevalence of metastatic colorectal cancers (CRC) remains ) _ j }
targeting therapeutics cetuximab and panitumumab on

considerable despite significant advances in diagnostic . e _ ) )
prognosis and survival in patients with metastatic CRC.

methods and treatment, the implementation of screening
programs, and the adoption of multidisciplinary approaches

METHODS

with particularly favorable benefits. New-generation

chemotherapeutics and response-guided surgical strategies
offer benefits to patients with metastatic CRC (2).

The therapeutic strategies for colon cancer include surgery,
chemotherapy, targeted therapies, and immunotherapy.
Fluoropyrimidine combination regimens provide a survival
advantage in the treatment of metastatic CRC compared
with the best supportive therapy (3). With the addition of
targeted therapies to chemotherapy, overall survival (OS)
has been improved compared with chemotherapy alone
(4). Among targeted therapies, monoclonal antibodies
are the most commonly used agents. Examples of such
therapeutics include bevacizumab and aflibercept targeting
vascular endothelial growth factor (VEGF), cetuximab, and
panitumumab targeting epidermal growth factor receptor
(EGFR). The efficacy of anti-VEGF treatment is independent
of the molecular biomarker, but anti-EGFR treatment is

We performed this study by using the data from a thesis
study in the Hamidiye Institute of Health Sciences
Molecular Oncology Ph.D. program. Upon University of
Health Sciences Tiirkiye, Umraniye Training and Research
Hospital Clinical Research Ethics Committee (number:
B.10.1.TKH.4.34.H.GP.0.01/157, date: 27.05.2021) approval,
this study included patients, who were treated due to the
diagnosis of metastatic CRC in the Medical Oncology Clinic
of the University of Health Sciences Tiirkiye, Umraniye
Training and Research Hospital during the period between
January 2016 and June 2021. Patients with missing data and
severe comorbid diseases were excluded from the study. A
total of 102 patients were included in the study. Patients’
data were retrieved from the hospital’s IT department.

Patients aged >18 years with a pathologically confirmed
diagnosis of metastatic CRC and a suitable performance
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status [Eastern Cooperative Oncology Group 0-2 (ECOG
0-2)] for intensive combination chemotherapy were included
in the study.

and ECOG
performance status), clinical features [metastatic site, first-

Patients’ demographic data (age, sex,
line and second or higher lines of systemic treatment,
progression-free  survival (PS), and OS], molecular
characteristics (KRAS, NRAS, and BRAF mutations), and
pathologic diagnosis [histologic type, tumor differentiation,
tumor location, microsatellite instability (MSI), T-N stages
of metastatic patients with a diagnosis of early-stage
disease, and lymphovascular and perineural invasion] were
retrospectively retrieved from patients’ files. Prognosis was
estimated by the Kaplan-Meier analysis.

The primary aim of our study was to evaluate the outcomes
of contemporary anti-VEGF and anti-EGF therapies in
CRC and to analyze the molecular differences between
right and left colon tumors along with their impact on
prognosis using survival analyses on the data retrieved
retrospectively. The secondary aims of the study were to
evaluate the BRAF, KRAS, and NRAS mutation rates in
patients with metastatic disease and to compare the age
and sex of patients with lymphovascular and perineural
invasion in surgical pathology specimens in light of the
published information.

Statistical Analysis

Descriptive analysis (frequency distributions, percentage,
mean, standard deviation (SD), 95% confidence intervals,
median) were used as a statistical method to analyze the
study data. We analyzed conformity to a normal distribution
using graphical representations and the Kolmogorov-
Smirnov test. For data without a normal distribution, the
Kruskal-Wallis H test and Mann-Whitney U test were used
to examine differences between groups. The chi-square
test was used to examine discontinuous data. The results
were examined using the 95% confidence interval at the
p<0.05 significance level. The descriptive analysis in this
study included frequency distributions, percentages,
mean, SD (mean + SD), 95% confidence intervals, and
median.

The log-rank test was performed to examine the effects of
chemotherapy regimens, molecular analysis findings, and
disease stage on survival. Survival rates were calculated
by the Kaplan-Meier survival analysis. The effects of
chemotherapy regimens and genetic mutations on
survival were also calculated in another log-rank analysis
with correction for the stage at diagnosis. The SPSS and

Microsoft Excel programs were used to analyze the data.
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RESULTS

This study enrolled patients diagnosed with metastatic CRC
in the Medical Oncology Clinic of the University of Health
Sciences Tiirkiye, Umraniye Training and Research Hospital
between January 2016 and June 2021. A total of 102 patients
were included in the study.

The mean age was 62.96+10.82 years (Figure 1). The mean
ages of the male and female patients was 63.27+£10.62 and
62.48+11.23 years, respectively (Table 1). There was not a
statistically significant difference in age between the male
and female patient groups (p=0.82). Among the subjects, 62
(60.8%) and 40 (39.2%) were male and female, respectively.

The genetic analyses of the patients revealed KRAS, NRAS,
and BRAF mutations in 43 (42.2%), 3 (2.9%), and 8 patients
(7.8%), respectively. Out of the 63 (61.8%) patients with MS],
53 (52%) had MSI and 10 (9.8%) had MSI. The distribution
of the TNM stages in accordance with the AJCC staging
system was as follows: 2 (2.0%) patients in Stage 1, 14
(13.7%) patients in Stage 2, 24 (23.5%) patients in Stage 3,
and 62 (60.8%) patients in Stage 4 (Figure 2).

Of the 40 patients who underwent surgery, lymphovascular
15 patients (24.5%) had
lymphovascular and 25 (24.5%) had no
lymphovascular invasion. The examination of the data for
perineural invasion showed that it was negative in 21 (20.6%)
but positive in 19 (18.6%) patients.

invasion was negative in

invasion

Of the 102 patients, peritoneal metastasis was detected in
19 patients (18.6%) and bone metastasis in 2 patients (2.0%).
Figure 2 shows the distribution of metastatic patients.
In the first-line treatment protocols, 3 patients (2.9%)

Histogram
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received routine chemotherapy with FOLFOX [folinic acid
(leucovorin), fluorouracil (5-FU), and oxaliplatin] or FOLFIRI
[folinic acid (leucovorin), 5-FU, and irinotecan)], 57 patients
(55.9%) received anti-VEGF therapy with bevacizumab,
and 42 patients (41.3%) received anti-EGFR therapy
with panitumumab or cetuximab, as third-generation
chemotherapeutic agents in addition to the FOLFOX and
FOLFIRI regimens. Of the 43 patients with progression, 6
received routine second-line chemotherapy protocols,
and 28 and 9 started anti-VEGF and anti-EGFR therapy,
respectively, as additional agents to second-line treatment.
Seventeen of the 19 patients with progression for the third
time started immunotherapy as indicated after molecular
and genetic analysis (Table 2).

The median survival time of 33.80+4.83 months and a
5-year survival rate was 38%. The median survival times
were as follows: 29.32+5.33 months in KRAS-mutant
patients, 134.17+68.66 months in KRAS-wild patients
(p=0.005); 19.02+0.00 months in NRAS-mutant patients
and 33.80+4.83 months in NRAS-wild patients (p=0.62);
and 26.28+12.14 in BRAF-mutant patients and 33.80+8.39
in BRAF-wild patients (p=0.055). Table 3 presents the 1-
and 5-year survival rates and the comparison of survival

SCATTER GRAPH OF METASTASIS
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Figure 2. Metastasis distribution

Table 1. Age distribution by gender

Gender
Male Female
Mean 63.27 62.48

Lower limit 60.58 58.88
Upper limit 65.97 66.07

95% confidence interval

Median 64 61
Standard deviation 10.62 11.23
Minimum 35 36
Maximum 84 91
Range 49 55
Interquartile range 13 15

with the results of KRAS, NRAS, and BRAF analyses. Figures
3-5 show Kaplan-Meier curves as a function of the genetic
analysis results.

DISCUSSION

Cancer remains a significant and preventable cause of death
after heart disease. Several studies on the early diagnosis
and prevention of cancer are available. Colon and rectum
cancers are among the most common malignant tumors
and the most important causes of cancer-related morbidity
and mortality globally (6). The World Health Organization
reports that, as of 2018, cancers of the colon and rectum
were the third most common cancers worldwide (1.8 million
cases) after those of the lung and breasts and the second
most common cause of cancer-related mortality (862,000
deaths) after those of the lung (7).
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Figure 3. Survival curve obtained by KRAS analysis
KRAS: Kirsten rat sarcoma viral oncogene homolog

Table 2. Distribution of treatment protocols

n (%)
First-line treatment
Routine chemotherapy 3(2.9%)
CT+anti-VEGF therapy 57 (55.9%)
CT+anti-EGF 42 (41.3%)
Second progression
Routine chemotherapy 6 (14%)
CT+anti-VEGF therapy 28 (65.1%)
CT+anti-EGF 9 (20.9%)
Third progression
Routine CT 1(5.6%)
Immunotherapy 17 (94.4%)

VEGF: Endothelial growth factor, CT: Computed tomography, EGF: Epider-
mal growth factor receptor
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The majority of colorectal tumors develop as a result
of chromosomal instability and mutations in tumor
suppressor genes and oncogenes (8). RAS oncogene
mutations are found in approximately 50% of CRC
cases. BRAF oncogene mutations are detected
approximately in 5-10% of colorectal tumors. The RAS
and BRAF genes encode intracellular proteins involved
in the EGFR signaling pathway. Therefore, mutations
in these genes can cause resistance to EGFR-targeting
therapeutics. Therapeutic agents targeting VEGF,
on the other hand, offer favorable survival benefits
independent of any biomarker when combined with
chemotherapy in metastatic colorectal cancer. The
standard first-line systemic treatment for metastatic CRC
is fluoropyrimidine-based chemotherapy with irinotecan
or oxaliplatin, combined with targeted agents including
anti-VEGF or anti-EGFR antibodies (9). In our study, 45%
of the patients had RAS mutations and 7.8% had BRAF
mutations, consistent with the published information.
Besides molecular characteristics, the patients included
in our study were clinically eligible candidates to receive
an intensive chemotherapy. All patients received
oxaliplatin or irinotecan combined with fluoropyrimidine
as the first-line systemic treatment. All but 3 patients
received targeted therapy with anti-EGFR (41.3%) and

Table 3. Comparison of genetic analysis and survival outcomes

Med J Bakirkoy 2025;21:24-30

anti-VEGF (55.9%) agents in combination with this first-
line chemotherapy regimen.

KRAS-mutant patients have a worse prognosis than wild-
type patients (10). However, the absence of KRAS mutation
predicts sensitivity to EGFR-targeting therapeutics (11).
Similar to the reports by the majority of studies conducted
to date, we found a significantly shorter OS in patients with
RAS mutations than in patients with RAS-wild-type tumors.
The median survival time was 29 months in KRAS-mutant
patients and 134 months in KRAS-wild patients (p=0.005).

Recent studies have focused on conditions other than RAS
mutations to identify patients who will benefit most from
anti-EGFR-based therapies, which are first-line therapeutics
in wild-type metastatic CRC. Subgroup analysis of data
from randomized studies comparing “chemotherapy +anti-
EGFR agents” vs. “chemotherapy +anti-VEGF agents” vs.
“chemotherapy only” showed a correlation between anti-
EGFR efficacy and the primary tumor site (6). Treatment
with anti-EGFR agents confers a clinically significant survival
benefit to RAS-wild tumors originating from the left colon.
A pooled analysis of data from 5 randomized clinical trials
(FIRE-3, CRYSTAL, PRIME, PEAK, and CALGB/SWOG
80405) revealed significant benefits in PS [hazard ratio (HR),
0.78; p=0.002] and OS (HR, 0.75; p<0.001) with cetuximab

Survival% (year) p-value
Median Survival (months) 1-year 3.year S-year
(n=SD)
Overall survival 33.80+4.83 85% 49% 38%
Site 0.597
Right colon 32.65+3.01 79% 44% 29%
Left colon 47.40+0.0 88% 55% 46%
Rectum 33.80+7.31 82% 36% 36%
KRAS 0.005
Mutant 29.37+£5.33 76% 29% 12%
Wild 134.17+68.66 90% 66% 57%
NRAS 0.628
Mutant 19.02+0.0 NA NA NA
Wild 33.80+4.83 84% 49% 39%
BRAF 0.055
Mutant 26.28+12.14 72% 38% NA
Wild 33.80+8.39 86% 49% 43%
MSI 0.029
Negative 26.71+4.48 78% 37% 24%
Low 134.17+0.0 92% 74% 59%
High 21.52+8.27 78% 31% NA high

MSI: Microsatellite instability BRAF: B-Raf proto-onkogen serin/threonin kinaz, NRAS: Neuroblastoma RAS viral oncogene homolog, KRAS: Kirsten rat sarcoma

viral oncogene homolog, SD: Standard deviation

28



Ozkan et al. Analysis of Molecular Differences in Metastatic Colorectal Cancers and Their impact on Prognosis

or panitumumab combined with chemotherapy only in
tumors originating from the left colon (12). The FIRE-3 study
(FOLFIRI plus Cetuximab Versus FOLFIRI plus Bevacizumab
as First-Line Treatment for Patients with Metastatic
Colorectal Cancer) showed OS benefit (38.3 vs. 28.0 months;
HR, 0.63; p=0.002) with FOLFIRI/cetuximab compared with
FOLFIRI/bevacizumab in tumors originating from the left
colon. However, no significant differences were observed
for tumors originating from the right colon (p=0.28). These
results suggest that fluoropyrimidine-based chemotherapy
combined with cetuximab or panitumumab has become
the preferred first-line treatment option for patients with
tumors originating from the left colon. On the contrary, anti-
VEGF agents in combination with fluoropyrimidine-based
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Figure 4. Survival curve obtained via NRAS analysis
NRAS: Neuroblastoma RAS viral oncogene homolog
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Figure 5. Survival curve determined by BRAF analysis
BRAF: B-Raf proto-onkogen serin/threonin kinaz

chemotherapy have been recommended in the guidelines
as the preferred first-line treatment regimen for patients
with tumors originating from the right colon because of
other molecular changes causing intrinsic resistance to
anti-EGFR agents. In our study, the primary tumor site was
another stratification factor.

Tumors originating from the left colon were found in 52.9%
of patients in our study. The survival analysis revealed a
median OS of 33.80+4.83 months for all patients included in
the study, consistent with the current literature. In our study,
the median OS for patients with tumors originating from the
left colon was longer but statistically insignificant compared
with those originating from the right colon (32.65+3.01
months vs. 36.50+12.29 months, p=0.506). These figures
are not consistent with the published information, and we
believe that the small sample size of our study might have
caused these results.

In the current era of personalized therapies, the discovery
of novel prognostic and predictive biomarkers is extremely
important for the management of CRC, as it is for the
management of all solid tumors. One of these biomarkers is
MSI. In most metastatic CRC cases, the MSI status is either
MSl-stable (MSS) or mismatch repair-proficient (pMMR). The
MSI-high (MSI-H)/mismatch repair-deficient (dAMMR) feature
occurs in 2-4% of all CRC. The benefit of this approach is
limited, with a median OS of 13.6-21.5 months in patients
with MSI-H/dMMR CRC treated using the standard first-
line systemic therapy (13). Although MSS/pMMR tumors
do not benefit from immunotherapy because of their
immunosuppressive microenvironment, clinically significant
benefits have been demonstrated with immunotherapy
in MSI-H/dMMR tumors (14). A phase-lll study reported
fewer side effects with clinically and statistically significant
survival benefits with the anti-PD1 monoclonal antibody
pembrolizumab in MSI-H/dMMR tumors compared with
standard fluoropyrimidine-based chemotherapy [median
PS, respectively: Pembrolizumab vs. chemotherapy, 16.5
vs. 8.2 months; HR, 0.60 (95% Cl, 0.45-0.80); p=0.0002] (14).
MSI status could not be confirmed for all patients in our
study. Of the patients with an established MSI status in our
study, 15.9% had MSI-H tumors. This value was higher than
that reported in the literature, suggesting that the small
sample size of our study may have been the cause.

The most important limitation of this retrospective study
is the selection bias resulting from the nature of the study.
The MSI status was not established for all patients, and the
expression of HER-2, another important biomarker, was not
tested in this study, making it impossible for us to conduct
further analyses. The small sample size is another limitation

29



of the study, as it might have affected reaching statistical
significance. However, an important aspect of this study is
testing for RAS and BRAF mutations and MSI in a single
center to ensure homogeneity.

CONCLUSION

In this single-center retrospective study, we presented
real-life data from clinical practice and analyzed molecular
differences and associated prognostic outcomes in
patients with metastatic colorectal cancer. The results of
our study are consistent with those reported by previous
randomized studies, from the aspect of the optimization of
treatment efficacy, enabling the achievement of significant
improvements in oncological endpoints through patient
selection according to the primary tumor site and molecular
characteristics.
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Evaluating the Efficacy and Associated Factors of Vagus
Nerve Stimulation in Medically Refractory Epilepsy
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Medikal Tedaviye Direngli Epilepsi Hastalarinda Vagus Sinir Stimilasyonunun
Etkinliginin ve lliskili Faktorlerin Degerlendirilmesi
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ABSTRACT

Objective: This study investigated seizure control rates and factors associated with treatment response in a series of patients with medically
refractory epilepsy who underwent vagus nerve stimulation (VNS).

Methods: We conducted a retrospective observational study of 82 patients who received VNS implantation between 2007 and 2024. Demographic
data, epilepsy characteristics, and preoperative and postoperative outcomes, including seizure frequency, were analyzed. Seizure outcomes were
assessed using the International League Against Epilepsy and Engel classifications, and statistical analyses were performed to identify factors
associated with seizure control.

Results: The average follow-up duration was 67.1 months. At 12 months post-VNS, 73.18% of patients achieved more than a 50% reduction in

seizure frequency, with 36.59% experiencing a 75-100% reduction. Higher response rates were observed among patients with a history of epilepsy
surgery. No significant associations were found between treatment response and age, gender, or epilepsy type.

Conclusion: VNS implantation is an effective treatment option for seizure control in patients with medically refractory epilepsy. This study
highlights factors potentially associated with better outcomes, suggesting that VNS may be particularly beneficial in specific patient subgroups.
Further research with larger, prospective studies is recommended to confirm these findings.

Keywords: Vagus nerve stimulation, seizure control, medically refractory epilepsy, neuromodulation, treatment response

oz

Amag: Bu calismada, vagus sinir stimilasyonu (VNS) uygulanan medikal tedaviye direncli epilepsi tanili hastalarin nébet kontrol oranlari ve tedavi
yanitiyla iliskili faktorler arastirild.

Gereg ve Yéntem: 2007 ile 2024 yillari arasinda VNS implantasyonu uygulanan 82 hastada retrospektif bir gézlemsel calisma yUrittik. Demografik
veriler, epilepsi 6zellikleri ve nébet sikligi dahil olmak tizere ameliyat dncesi ve sonrasi sonuglar analiz edildi. Nébet sonuglari Uluslararasi Epilepsi
ile Savas Dernegi ve Engel siniflandirmalari kullanilarak degerlendirildi ve nébet kontroltyle iligkili faktorleri belirlemek icin istatistiksel analizler
yapildi.

Bulgular: Ortalama takip siresi 67,1 aydi. VNS'den 12 ay sonra hastalarin %73,18'i nébet sikliginda %50'den fazla azalma elde etti ve %36,59'u
%75-100 azalma yasadi. Epilepsi cerrahisi dykisi olan hastalarda daha yliksek yanit oranlari gézlendi. Tedavi yantiti ile yas, cinsiyet veya epilepsi
tlrd arasinda 6nemli bir iliski bulunamadi.

Sonug: VNS implantasyonu, medikal tedaviye direncli epilepsi hastalarinda nébet kontroli icin etkili bir tedavi secenegidir. Bu ¢alisma, daha iyi
sonuglarla iliskili olabilecek faktorleri vurgulayarak, VNS'nin belirli hasta alt gruplarinda &zellikle yararli olabilecedini 6ne sirmektedir. Bu bulgulari
dogrulamak i¢cin daha buylk, prospektif calismalarla daha fazla arastirma yapilmasi énerilmektedir.

Anahtar Kelimeler: Vagus siniri stimilasyonu, ndbet kontrolii, medikal tedaviye direncli epilepsi, néromodulasyon, tedavi yaniti
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INTRODUCTION

Epilepsy, with a prevalence of approximately 0.5-
1% according to the World Health Organization, is a
neurological disorder affecting nearly 50 million people
globally, with a bimodal incidence distribution showing
higher rates in both young and elderly populations (1,2).
According to the International League Against Epilepsy
(ILAE), epilepsy that remains uncontrolled despite the
appropriate dosage and combination of at least two well-
tolerated antiepileptic drugs is classified as medically
refractory epilepsy, comprising about 30-40% of all
epilepsy cases (3,4). Although focal epilepsies arising from
focal epileptogenic lesions may be amenable to surgical
intervention, only 10-30% of these patients benefit from
resective surgeries, posing a significant challenge in seizure
management for epileptologists and epilepsy surgeons
(5,6).

Neuromodulation surgery serves as a crucial alternative for
patients with medically refractory epilepsy who are either
unsuitable for resective surgery or do not achieve desired
outcomes postoperatively (7-9). Vagus nerve stimulation
(VNS) was one of the first three neuromodulation
methods approved by the United States Food and Drug
Administration in 1997 (8). VNS therapy can be applied
in patients with medically refractory epilepsy who are
not suitable for resective surgery, those with multiple
or Dbilaterally independent symptomatic
related epilepsy syndromes, cryptogenic or symptomatic
generalized epilepsy accompanied by diffuse epileptogenic
anomalies, or those who have undergone unsuccessful

localization-

intracranial epilepsy surgeries.

In this study, we aim to assess long-term outcomes,
specifically the effects on seizure frequency, anti-epileptic
drug use, and quality of life in patients who underwent
VNS implantation between 2007 and 2024, and to discuss
our findings in the context of the existing literature, thus
underscoring the significance of VNS implantation in seizure
control for patients with medically refractory epilepsy.

METHODS

Participant Analysis

This study was conducted retrospectively, following approval
from University of Health Sciences Turkiye, Basaksehir Cam
and Sakura City Hospital Ethics Committee (decision no:
162, date: 19.04.2023) and in compliance with the Helsinki
Declaration. The study was designed as a retrospective
observational study. We included 82 patients with medically
refractory epilepsy who underwent VNS implantation
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between 2007 and 2024, as recommended by the local
epilepsy surgery council, comprising adult, or pediatric
epileptologists, neurosurgeons, psychiatrists, or child,
psychiatrists, psychologists, and neuroradiologists. Only
patients with at least 12 months of follow-up were included,
while cases lacking regular follow-up were excluded.

Preoperative demographic data were recorded, including
age, sex, handedness, age at seizure onset, seizure
type, epilepsy etiology, magnetic resonance imaging
(MRIl)  findings, video-electroencephalography (VEEG)
findings, positron emission tomography (PET) findings,
neuropsychological results, the
of antiepileptic drugs used prior to VNS implantation,
duration of epilepsy, seizure frequency, and the year of
VNS implantation. Postoperatively, patients were followed
by an adult or pediatric epileptologist. Data recorded
during the postoperative follow-up included the number
of anti-epileptic drugs, seizure frequency at the 3¢, 6, and
12" months, recorded complications, time until battery
replacement, and subjective assessments by the caregiver.

assessment number

Seizure type and epilepsy etiology were categorized based
on the 2017 ILAE classification (10). For all patients with a
follow-up period longer than one year, seizure outcomes
were evaluated by the epilepsy surgery council using both
ILAE and Engel classifications, as both classifications offer
unique categorical characteristics that contribute to the
study (11).

Seizure reduction in the postoperative period was
monitored using seizure diaries maintained by a single
evaluator. Seizure reduction data were generated based on
the change in seizure frequency at the end of the first year
compared with the frequency prior to VNS implantation.
Seizure reduction rates were categorized as 0-25%, 25-
50%, 50-75%, and 75-100%, according to existing literature
assessments (12-14). A reduction of more than 50% in seizure
frequency was considered the target therapeutic response.
This classification aimed to capture the degree of change in
seizure frequency. It is not comprehensively represented in

the ILAE and Engel classifications.

Surgical Procedure

TheVNSimplantationisawell-defined procedure (15). During
the VNS implantation surgery, the patient is positioned
supine with the head rotated 45 degrees to the right and
slightly extended to minimize the risk of bradycardia. This
positioning targeting the left vagus nerve. The first incision
is planned horizontally at the midpoint between the clavicle
and mastoid process, where it intersects the medial border
of the sternocleidomastoid muscle. The second incision is
made parallel to the left pectoral muscle, 3-5 cm inferior
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to the clavicle. Following the standard anterior cervical
exposure, the left vagus nerve is isolated for a minimum
length of 3 cm, distal to the cardiac branches and proximal
to the recurrent laryngeal nerve. Helical electrodes are then
placed around the 3 cm exposed segment of the vagus
nerve (Figure 1). The electrode cable is routed through a
subcutaneous tunnel to the pectoral area. Subsequently,
the VNS generator is positioned subcutaneously or
subpectorally using the second incision and connected to
the electrode cable. In all patients, the LivaNova Demipulse
model device was used. The VNS generator is programmed
externally with a handheld wand, and total impedance is
measured to complete the surgery.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics
for Windows, Version 25.0 (IBM Corp., Armonk, NY, USA).
Appropriate tests were selected to evaluate the relationships
between prognostic parameters and categorical and
continuous variables. The associations between prognostic
parameters (ILAE Engel postoperative
medication changes, and postoperative seizure reduction)

score, score,
and categorical variables such as gender, epilepsy surgery,
MRI lesion 1 (presence/absence), MRI lesion 2 (single/
multiple foci), EEG focus status, and epilepsy type (focal/
generalized) were analyzed using the chi-square test. This
test was applied to assess the independence between

categorical variables, with p-values below 0.05 considered
statistically significant.

Pearson correlation analysis was applied to assess
the relationships between prognostic parameters and
continuous variables such as the duration of epilepsy (years),
age at seizure onset, and epilepsy frequency (number of
seizures per day). The Pearson correlation test examines
the linear relationship between two continuous variables,
with the strength and direction of the association evaluated
using the correlation coefficient (r). In all analyses, a p-value
of less than 0.05 was considered the threshold for statistical
significance.

The chi-square test was also used to evaluate the association
between epilepsy surgery and postoperative seizure
reduction. The distribution of continuous variables was
reported as meanzstandard deviation, while categorical
variables were presented as frequencies and percentages.

RESULTS

The mean age of patients included in our study was 25.94
years (range: 5-53 years). The average follow-up duration
was 67.1 months (range: 12-199 months). The mean age
at seizure onset was 6.39 years, and the mean duration of
epilepsy was 19.46 years (range: 2-41 years). The average
number of seizures per day was 3.68, and the mean number
of anti-epileptic drugs used was 3.23 (Table 1).

Figure 1. Vagus nerve stimulation (VNS) implantation procedure. This figure illustrates the standard procedure for VNS implantation. a: The patient
is positioned supine, with the head rotated 45 degrees to the right and slightly extended to target the left vagus nerve. b: The first horizontal
incision is planned at the midpoint between the clavicle and mastoid process, intersecting the medial border of the sternocleidomastoid muscle.
The second incision is made parallel to the left pectoral muscle, approximately 5-8 cm below the clavicle. c: Following anterior cervical exposure,
the left vagus nerve is isolated over a minimum length of 3 cm, distal to the cardiac branches and proximal to the recurrent laryngeal nerve.
d: Helical electrodes are placed around the exposed vagus nerve segment
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In terms of categorical data, 34.15% of patients were
female, and 65.85% were male. The percentage of patients
with a known epilepsy etiology was 54.88%, while 45.12%
had an unknown etiology. Among the patients, 26.83% had
focal epilepsy, and 73.17% had generalized epilepsy. The
proportion of patients who underwent epilepsy surgery
was 18.29%, and 81.71% had not undergone surgery. MR
revealed lesions in 54.88% of patients, with 45.12% showing
no lesions (Table 1).

In the postoperative ILAE score distribution, 74.39% of
patients were classified as ILAE 4, 20.73% as ILAE 5, 3.66%
as ILAE 6, and 1.22% as ILAE 3. In terms of the Engel score
distribution, 70.73% of patients were classified as Engel 3-A,
10.98% as Engel 4-B, 9.76% as Engel 2-B, 3.66% as Engel
4-A, 3.66% as Engel 4-C, and 1.22% as Engel 2-D (Figure 2).

Postoperative anti-epileptic drugs were reduced in 24.39%
of patients, while remaining unchanged in 75.61%. The rates
of seizure reduction were as follows: 75-100% reduction in
36.59% of patients, 50-75% reduction in 36.59%, 25-50%
reduction in 8.54%, and 0-25% reduction or an increase in
seizures in 18.28% of patients. Overall, 73.18% of patients
were classified as responsive to treatment (Figure 2).

Statistical analyses showed no significant associations
between gender and ILAE score, Engel score, postoperative
medication changes, or postoperative seizure reduction
(p>0.05). Similarly, there were no significant associations
between epilepsy type (focal/generalized) and prognostic
parameters (p>0.05). However, a significant association was
found between epilepsy surgery and postoperative seizure
reduction (p=0.025), with patients who had undergone
surgery showing greater seizure reduction. MRI findings
did not show a significant association with prognostic

Table 1. Clinical and demographic characteristics of patients
before VNS implantation

Characteristic Value

Age (mean, min-max) 25.94 (5-53)
Follow-up duration (mean, min-max, months) 67.1 (12-199)
Age at seizure onset (mean, min-max, years) 6.39 (0-23)
Duration of epilepsy (mean, min-max, years) 19.46 (2-41)
Number of antiepileptic drugs (mean, min-max) ~ 3.23 (1-5)
Seizures per day (mean, min-max) 3.68 (0.1-10)
Gender (female/male, %) 34.15/65.85
Epilepsy etiology (known/unknown, %) 54.88/45.12
Type of epilepsy (focal/generalized, %) 26.83/73.17
History of epilepsy surgery (yes/no, %) 18.29 /81.71
MRI findings (present/absent, %) 54.88/45.12

VNS: Vagus nerve stimulation, MRI: Magnetic resonance imaging
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parameters. MRI findings of single versus multiple foci
exhibited borderline significant associations with Engel
score and postoperative seizure reduction but did not reach
statistical significance (p=0.079 and p=0.098). No significant
associations were observed between EEG focus status
(single focus/multiple foci) and prognostic parameters
(p>0.05). Additionally, no significant associations were found
between age at seizure onset and duration of epilepsy and
prognostic parameters (p>0.05). A borderline association
was observed between the duration of epilepsy and Engel
score, but it did not reach statistical significance (p=0.080).
No significant association was found between seizure
frequency per day and prognostic parameters (p>0.05).

In terms of complications, a total of 5 patients (6.1%)
developed wound site complications during the treatment
period. Three of these occurred after the initial surgery,
and two after generator replacement. All complications
developed in the generator site. In one patient who
developed a wound site complication after generator
replacement, the necessitating
the removal of the entire system. Methicillin-resistant
Staphylococcus aureus growth was identified in this case. The
remaining patients recovered without sequelae following
surgical revision and antibiotic therapy. Additionally, in one
patient, the system was removed at the end of the third year

abscess progressed,

due to unsuccessful seizure control (ILAE 6). Furthermore,
5 patients (6.1%) experienced hoarseness, and 3 patients
(3.7%) developed coughing symptoms; all of these
symptoms resolved with follow-up and medical treatment.

DISCUSSION

Since the introduction of VNS implantation as a novel
treatment for drug-resistant epilepsy in the 19905,
numerous studies have been conducted. These studies
generally consider a reduction of over 50% in seizure
frequency in patients with drug-resistant epilepsy as a
positive response to VNS therapy, with reported efficacy
increasing over time Studies have demonstrated that
VNS implantation provides significant seizure control in
the treatment of refractory epilepsy. In a meta-analysis
conducted by Wang et al. (14), which included 16 studies
covering 1,080 patients, the treatment response rate varied
between 38.89% and 73.21%. Another meta-analysis by
Toffa et al. (16) reported a response rate ranging from 45%
to 65%. More recent large single-center series reported by
Boluk et al. (6) showed the highest reduction rate of 75.6%
at the end of the 18" month, independent of seizure type;
LoPresti et al. (17) documented a 52% seizure reduction,
and Alexopoulos et al. (18) reported a reduction of 58.7%.
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Figure 2. Distribution of postoperative outcomes following VNS implantation. This figure illustrates the distribution of postoperative outcomes
in patients. The ILAE classification: ® Grade 1: Completely seizure-free; no auras ® Grade 2: Only auras; no other seizures ® Grade 3: One to three
seizure days per year; *auras ® Grade 4: Four seizure days per year to 50% reduction of baseline seizure days; +auras ® Grade 5: Less than 50%
reduction of baseline seizure days to 100% increase of baseline seizure days; +auras ® Grade 6: More than 100% increase of baseline seizure days;
+auras. The Engel classification: ® TA: Completely seizure-free since surgery ® 1B: Non-disabling simple partial seizures only ® 1C: Some disabling
seizures after surgery, but free of disabling seizures for at least 2 years ® 1D: Generalized convulsions only with medication changes ® 2A: Initially
free of disabling seizures but rare disabling seizures now ® 2B: Rare disabling seizures from the start ® 3A: Worthwhile seizure reduction (>50%) ®
3B: <50% reduction in disabling seizures ® 4A: No worthwhile improvement ® 4B: No change ® 4C: Worsening seizures

Consistent with the literature, our series demonstrated the
efficacy of VNS implantation therapy, with a reduction in
seizures of more than 50% in 73.18% of patients by the end
of the 12" month. We selected the 12-month mark to allow

the neuromodulation effect to develop fully, to observe

the efficacy of VNS before potential long-term seizure-
increasing factors could arise. Additionally, more than 75%
seizure reduction was achieved in half of these patients,
highlighting the significant improvement in quality of life
provided by this therapy.
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Some studies reporting on the efficacy and safety of VNS
have indicated that initiating VNS implantation therapy
within the first five years of epilepsy progression, and in the
pediatricage group, resultsin higher effectiveness (16,19,20).
In our study, we observed no significant differences in
treatment response with respect to age and gender. We
believe this may be due to the substantially higher number
of adult patients compared to pediatric patients in our
cohort. The alignment of our results with adult patient series
in the literature supports this view. In a series of 45 pediatric
patients who underwent VNS implantation, Soleman et
al. (19) emphasized that early implantation at age five
or younger, led to significantly greater improvements in
quality of life and cognitive outcomes compared to VNS
implantation performed after age five. In a meta-analysis
by Englot et al. (20) involving 1,489 patients, the treatment
response rate was reported as 49.2% in adults, while this
rate increased to 55.3% in the pediatric age group and
reached 62% in pediatric patients younger than six years.
In contrast, some studies conducted in adult patient groups
have reported that initiating VNS implantation therapy in
the early stages following an epilepsy diagnosis enhances
treatment response; however, patient age does not produce
a significant difference in treatment efficacy (14,21,22).

Research have not established a clear relationship between
epilepsy type and treatment response; however, various
studies have reported significant differences in response
periods between focal and generalized epilepsy. In our study,
we did not observe a difference in treatment response between
focal and generalized epilepsies, as reported in previous
research. However, as our study was not specifically designed
to assess the therapeutic effect between epilepsy types,
statistical data on this topic were not included. Drees et al. (23)
compared treatment response durations and early response
rates between focal and generalized epilepsy patient groups,
finding that the rate of super-responders was significantly
higher in the generalized epilepsy group, although initially
higher among patients with focal epilepsy (23).

Before initiating VNS implantation therapy, the resectability
of lesions in all patients should be assessed (17,24). In
our cohort, we utilized MRI, PET, and vEEG evaluations to
assess epileptic foci to exclude candidates for resective
epilepsy surgery prior to VNS implantation. However,
18.3% of our patients had a history of resective or ablative
epilepsy surgery. The response to VNS in these patients
was significantly better than in others within our study.
As suggested in a similar study, this may be related to
the reduction in epileptogenic load (25). Nonetheless, as
demonstrated in our series, we emphasize that resective
surgery should be the primary treatment choice in refractory
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epilepsy whenever feasible. Even if seizure control is not
achieved due to insufficient resection, repeated resective
surgery may yield better outcomes than VNS. Thorough
patient selection evaluations can prevent the high number
of unsuitable candidates noted in recent literature (17,26).

In our study, we were unable to determine the impact of
etiological factors and vEEG findings on treatment response.
However, consistent with the literature, we observed a near-
significant improvement in treatment response among
patients with multiple foci compared to those with a single
focus on MRI. In the literature, LoPresti et al. (17) evaluated
the relationship between seizure etiology and treatment
response and found no significant association between
seizure etiology and genetics. However, they reported a
higher treatment response in patients with positive MRI
findings. They identified brain atrophy as associated with
poorer unexpectedly, dysplastic
hippocampus and periventricular leukomalacia were
linked to better treatment responses. In light of our results,

outcomes, whereas,

we believe that VNS implantation therapy may be more
effective and should be considered earlier in patients with
refractory epilepsy who have a history of epilepsy surgery
or are not candidates for resective surgery, but present with
multiple foci.

Complications of VNS are another factor influencing
outcomes. Known complications of VNS include wound
site complications, hoarseness, sore throat, coughing,
dizziness, arrhythmias, vocal cord paralysis, sleep apnea
syndrome, pneumothorax, muscle spasms, chronic
diarrhea, and Horner syndrome (27). In the literature, wound
site complications have been reported at rates of 2-7%,
hoarseness at 37%, and coughing at 7%. Our case series
aligns with the literature regarding the frequency of these

complications (28-30).

Study Limitations

This study has several limitations that should be considered
when interpreting the findings. First, as a retrospective
study, it is susceptible to recall and selection biases, given
its reliance on existing records rather than prospective data
collection. Additionally, with a sample size of 82 patients,
the results may not be generalizable to larger, more diverse
populations.

Another limitation is the absence of a control group, which
restricts our ability to attribute improvements solely to VNS
therapy without accounting for potential placebo effects or
the natural progression of epilepsy. Although we aimed to
examine the effect of VNS on different types of epilepsy,
the study was not specifically designed to assess differences
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in efficacy across epilepsy types or etiologies, limiting our
conclusions regarding which subtypes may benefit most
from VNS. Moreover, other potential confounding factors,
such as concurrent treatments, lifestyle influences, and
adherence to antiepileptic medications, may have impacted
seizure outcomes but were difficult to fully control in this
retrospective setting.

Finally, as we exclusively used the LivaNova Demipulse
model for VNS implantation, the findings may not be
directly applicable to other VNS models or newer devices
with potentially varying efficacy and safety profiles. Future
studies with larger, prospective, and controlled designs
could help address these limitations, enhancing the
understanding of VNS's long-term impact across diverse
patient populations.

CONCLUSION

In this retrospective study of VNS implantation therapy,
we demonstrate its high efficacy in seizure control, which
is consistent with the literature, and its positive impact
on patients’ quality of life. For seizures persisting after
successful resective surgery, VNS remains highly effective in
reducing seizure severity and frequency. For patients with
refractory epilepsy, VNS implantation therapy should be
considered the primary treatment option for patients who
are not candidates for resective or ablative epilepsy surgery
or whose seizures remain uncontrolled despite these
surgical interventions.
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Nail-fold Capillaroscopic Changes in Children with
Juvenile Dermatomyositis and Specific Autoantibodies

Jivenil Dermatomiyozit Hastalarinda Kapilleroskopik Degisiklikler ve Spesifik
Otoantikorlarla lligkisi

Seyda Dogantan, @ Sema Nur Taskin, @ Aysenur Pa¢ Kisaarslan, ©© Muammer Hakan Poyrazoglu

Erciyes University Faculty of Medicine, Department of Pediatric Rheumatology, Kayseri, Tirkiye

ABSTRACT

Objective: Microvascular changes observed during dermoscopy have been widely used for diagnosing and monitoring various connective tissue
disorders, including juvenile dermatomyositis (JDM). This study investigated capillaroscopic changes in nail-folds, specifically, nail-fold capillary
density (NFCD), in children with JDM.

Methods: A prospective study was conducted on children diagnosed with JDM between 2010 and 2021 who were examined via nail-fold
capillaroscopy (n=14) during August and December 2021. Demographic and clinical data, myositis-specific autoantibodies for JDM, and
capillaroscopic findings were prospectively collected. In addition to children with JDM (group JDM), we randomly selected 20 children with non-
specific leg pain as the control group. Capillaroscopic findings were compared between the groups.

Results: The groups were similar in terms of age and sex characteristics (p=0.848 and p=0.635). Ten children had myositis-specific autoantibodies
(71.4%). The median NFCD was significantly lower in the JDM group than in the controls (p=0.001). Children with JDM had a significantly
higher frequency and amount of disorganized, tortuous, crossing, enlarged, and giant capillaries than healthy controls (p<0.05). There were
significantly higher values of the neoangiogenesis score and MES in Group JDM than in Controls (p<0.001 and p<0.001). Children with positive
autoantibodies had higher NFCD and lower interpapillary distance values (p<0.05).

Conclusion: Children with JDM exhibited remarkable morphological changes during nail-fold capillaroscopy. Higher neoangiogenesis scores,
higher MES values, and decreased NFCD might play a role in diagnosing and differentiating childhood JDM.

Keywords: Juvenile dermatomyositis, dermoscopy, microscopic angioscopy, microvascular density, nails, capillaries
0z
Amag: Dermoskopi sirasinda gozlenen mikrovaskiler degisiklikler, juvenil dermatomiyozit (JDM) de dahil olmak izere cesitli bag dokusu

bozukluklarinin tani ve takibinde yaygin olarak kullanilmaktadir. Bu ¢alisma, JDM'li cocuklarda kapilleroskopik tirnak kivrimi degisikliklerini, daha
dogrusu tirnak kivrimi kilcal yogunlugunu (NFCD) arastirdi.

Gereg ve Yontem: 2010-2021 yillari arasinda JDM tanisi alan ve Adustos ve Aralik 2021'de tirnak kivrimi kapilleroskopisi (n=14) ile incelenen
cocuklar lzerinde prospektif bir calisma yapildi. Demografik ve klinik 6zellikler, JDM icin miyozite 6zgii otoantikorlar ve kapillaroskopik bulgular
ileriye doénlk olarak toplandi. JDM'li cocuklarin (grup JDM) yani sira, spesifik olmayan bacak agrisi olan 20 ¢ocugu da kontrol grubu olarak
rastgele sectik. Gruplar arasinda kapillaroskopik bulgular karsilagtirildi.

Bulgular: Gruplar yas ve cinsiyet ozellikleri acisindan benzerdi (p=0,848 ve p=0,635). Miyozite 6zgii otoantikorlari pozitif olan 10 ¢cocuk (%71,4)
vardi. Medyan NFCD, Grup JDM'de control grubuna gére anlamli derecede dustktl (p=0,001). JDM'li cocuklarda dizensiz, kivrimli, capraz,
genislemis ve dev kapillerlerin siklidi ve sayisi saglikli kontrollere gére anlamli derecede yiksekti (p<0.05). Grup JDM'de neoanjiyogenez skoru
ve mikroanjiyopati degerlendirme skoru (MES) degerleri, kontrol grubuna gére anlamli derecede yiksekti (p<0,001 ve p<0,001). Otoantikorlari
pozitif olan cocuklarda NFCD daha yiksek ve papiller mesafe dederleri daha dustkti (p<0,05).

Sonug: JDM'li cocuklarda tirnak kivrimi kapilleroskopisi sirasinda dikkat ¢ekici morfolojik degisiklikler gorildi. Daha yiksek neoanjiyogenez
skorlari, daha yiiksek MES degerleri ve azalmig NFCD, cocukluk ¢agi JDM'nin tani ve ayriminda rol oynayabilir.

Anahtar Kelimeler: Juvenil dermatomiyozit, dermoskopi, mikroskobik anjiyoskopi, mikrovaskiler dansite, tiraklar, kilcal damarlar
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Introduction

Juvenile dermatomyositis (JDM) is a childhood autoimmune
connective tissue disease associated with skin, skeletal
system, and internal organ disturbances (1). It is categorized
as a subgroup of idiopathic inflammatory myopathies
according to the European League Against Rheumatism/
American College of Rheumatology classification criteria
(2,3). An immune response originating from the capillary
endothelium of the endomysium is considered an early
event causing skin involvement in JDM (3,4). Vascular skin
changes play a diagnostic and prognostic role as they
precede the development of subsequent myositis (5).

Dermoscopy has recently been used to observe the
morphologic features of the skin using in vivo magnification
(3,6). Standardized basic dermoscopic parameters of
inflammatory, infiltrative, and infectious dermatoses have
been described (3,7,8). Previous studies have reported that
early microvascular changes in various rheumatic diseases
can be assessed using nail-fold capillaroscopy (NFC)
(3,6,9,10). In this way, NFC can differentiate the types of
connective tissue disorders in patients with primary and
secondary Raynaud’s phenomenon and mixed connective
tissue diseases, including polymyositis and dermatomyositis
(2,11,12). Besides, it has been speculated that the findings
of NFC are related to disease activity and the levels of
myositis-specific and-associated autoantibodies for JDM
(1,2,512,13).

We aimed to evaluate dermoscopic vascular changes via
NFC in patients with JDM and to compare these findings
with those of healthy children. We present the following
case reports in accordance with the STROBE reporting
checklist.

METHODS

Study

A prospective study including nail-fold capillaroscopic
findings of children with JDM was performed in Erciyes
University Faculty of Medicine, Department of Paediatric
Rheumatology. This study was approved by the Erciyes
University Clinical Research Ethics Committee (decision no:
2021/355, date: 05.05.2021). The analysis was performed in
accordance with the principles of the Helsinki Declaration.
Written informed consent was obtained from the parents of
the children.

Patients

Between August and December 2021, we performed nail-
fold capillaroscopic examinations in 14 children with JDM.
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The diagnosis of probable or definitive JDM was based on
the Bohan and Peter criteria, including disease onset before
the age of 18 years and >24 months from symptom onset to
follow-up (14). A predefined treatment protocol was applied
to all children with JDM (1). Children with overlap syndrome,
juvenile-onset mixed connective tissue disease, and juvenile
polymyositis were excluded.

Blood samples were obtained for the anti-nuclear antibody
(ANA), the extractable nuclear antigen antibody titer
measurements, and the myositis-specific autoantibodies
for JDM were measured at the last follow-up examinations.
Anti-transcriptional factor-1-y/p155/140, anti-NXP-2/anti-
MJ, anti-SRP, anti-pl-7, anti-pl-12, anti-pm-Scl-75, Mi-2
alpha, Mi-2 beta, MDAS5, SAE1, Ku, pm-Scl-100, Jo-1, SEJ,
OJ, Ro-52, and anti-SRP were the autoantibodies in the
category of the myositis-specific autoantibodies (14). We
tested the presence of autoantibodies using an Immunoblot
assay (Myositis Profile Euroline Blot test kit, Euroimmun,
Libeck, Germany) at the Biochemistry Laboratory of Erciyes
University, Faculty of Medicine.

Definitions

The first muscular or dermatological symptom was
considered as the disease onset. The disease duration was
calculated using the interval between the start and last
follow-up examination. The Childhood Myositis Assessment
Scale (CMAS) was used to assess proximal muscle strength,
function, and endurance (15). The scale includes 14 physical
maneuvers, with a maximum score of 52. Assessment of
improvement or worsening between two quantitative
evaluations of an individual patient is the primary function
of the CMAS. A trained physical therapist applied the CMAS
to all the children in the study (15).

The disease course was categorized as mono, polyphasic, or
chronic (16). Remission within 36 months of diagnosis without
relapse was defined as a monophasic course. Relapse of the
disease at any time point after the previous remission was
considered a polyphasic event. Chronic disease course was
defined as persistent evidence of disease 36 months after
diagnosis.

NFC

After resting for at least 20 min at room temperature (20-24
°C), a video microscope (MEDL4N Dino-Lite Pro Capillary
Scope, Dino-Lite Europe, NN Almere, the Netherlands)
was used to perform capillaroscopic measurements as
described previously (1,17). A pediatric rheumatologist
with an experience of 3 years on NFC examined all fingers
except the thumb.
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We also investigated the morphological changes related
to capillary dropout, branching and dilatation, areas
of hemorrhage, avascular area, neovascular changes
with neoangiogenesis score, capillary disorganization,
and the number of vessels per millimeter (1,18-20). The
measurements of the internal capillary diameter between
25 and 50 ym and =50 pm were defined as dilated and
giant capillaries (18). We considered criteria for determining
morphological changes as described previously (19).

The parameters included the total number of capillaries
over the nail-fold width, mean nail-fold capillary density
(NFCD) per millimeter, capillary size, and numbers of dilated,
giant, branching, and tortuous capillaries. Each patient’s
microangiopathy evaluation score (MES) was calculated as
defined Sulli et al. (21). In this scale, the loss of capillaries,
disorganization of the microvascular array, and capillary
ramifications were semi-quantitatively evaluated with scores
ranging from zero to three. The summation of the scores for
each parameter revealed that the MES ranged from zero to
nine.

Groups

The study group included children with JDM (group JDM).
We randomly selected 20 children with nonspecific leg pain
as the control group (the control).

Variables

Data on demographic characteristics (age, sex), clinical
characteristics (age at diagnosis, CMAS scores at the
admission and the last follow-up, disease duration, physical
findings, and medications), and laboratory findings were
collected and stored.

Statistical Analysis

For descriptive statistics, mean+standard deviation was
used to present continuous data with normal distribution.
The median with minimum-maximum values was applied for
continuous variables without normal distribution. Numbers
and percentages were used as categorical variables. The
Shapiro-Wilk, Kolmogorov-Smirnov, and Anderson-Darling
tests analyzed the normal distribution of the numerical
variables.

The Pearson chi-square and Fisher’s exact tests were used
to compare differences between categorical variables in
2x2 tables. The Fisher-Freeman Halton test was used for the
RxC tables.

The Mann-Whitney U test was used to compare two
independent groups in which numerical variables had no
normal distribution.

Spearman’s correlation coefficients were calculated
to analyze the relationships of NFCD and MES with

demographic (age) and clinical variables (age at diagnosis,
CMAS at diagnosis, disease duration, duration for steroid
use, and the length of follow-up).

Jamovi (Version 2.2.5.0) and JASP (Version 0.16.1) were used
for statistical analysis. The significance level (p-value) was
set at 0.05 in all statistical analyses.

RESULTS

There were 14 and 20 children in the JDM and control. The
mean age of children with JDM was 10.4+4.0 years. There
were nine male and five female children in Group JDM. The
groups were similar in terms of age and sex characteristics
(p=0.848 and p=0.635). ANA positivity was more frequently
detected in the JDM group than in the Controls (p<0.001).

The clinical characteristics of children with JDM are
presented in Table 1. The median age at diagnosis was
11.5 years (range, 4-16 years). The median CMAS score at
admission was 40, ranging from 30 to 50. The medication
distribution in the JDM group is detailed in Table 1. The
median follow-up time was 3 years (range, 0.1-11 years)

Table 1. Clinical characteristics of children with JDM (group JDM,
n=14)

Value
Age at diagnosis (year)$ 11.5 (4-16)
CMAS score at diagnosis® 40 (30-50)
Disease duration (year)s 3(0.1-11)
Disease course®
Monophasic 10 (71.4)
Polyphasic 3(21.4)
Chronicity* 1(7.1)
Medications
Steroid* 9(81.8)
Duration of steroid use (month)$ 12 (9-24)
DMARD#* 11(78.6)
Mycophenolic acid 3(27.3)
Methotrexate 6 (54.5)
Hydroxychloroquine 2(18.2)
Duration (month)® 2(1-9)
bDMARD* 2(14.3)
Etanercept 1(50)
Adalimumab 1(50)
IVIG* 6(42.9)
Follow-up (year) 3(1-11)
CMAS score at the last follow-up$ 52 (50-52)

*n (%), median (minnimum-maximum)

JDM: Juvenile dermatomyositis, CMAS: Childhood Myositis Assessment
Scale, DMARD: Disease-modifying anti-rheumatic drugs, bDMARD: Biologic
disease-modifying anti-rheumatic drugs, IVIG: Intravenous immunoglobulin
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in group JDM. Nevertheless, the median CMAS score
increased to 52 during the last follow-up examination.

Table 2 presents the frequencies of the ENA antibody
profiles observed in children with JDM. In four children
(28.6%), we detected four ENA antibodies: SM/RNP (n=1),
SS-B (n=1), and PCNA (n=2). Ten children (71.4%) were
negative for ENA antibodies in group JDM.

Although in four children (28.6%), there were negative
results for the myositis-specific autoantibodies, TIF-1 (n=3),
NXP-2 (n=2), p1-12 (n=1), p1-7 (n=1), pm-75 (n=1), SRP
(n=1), and Jo-1 (n=1) were detected in group JDM. Thus, we
noticed positive results for myositis-specific autoantibodies
in ten children (71.4%) (Table 3). Children with positive
and negative myositis-specific autoantibodies had similar
demographic and clinical characteristics (p>0.05) (Table 3).

The nail-fold capillaroscopic findings and their comparisons
are presented in Table 4 and Figures 1-3. We detected
significant differences between the groups (p<0.05). The
median NFCD was significantly lower in the JDM group
than in the Controls (p=0.001). The widths of the arteries,
veins, and apical loop were substantially lower in children
with JDM than in the Controls (p=0.001, p=0.001, and
p=0.003). We found significantly higher values of the
neoangiogenesis score and MES in the JDM group than in
the controls (p<0.001 and p<0.001).

There were significant differences in the morphological
capillary abnormalities via NFC between the groups (p<0.05)
(Table 4). The children with JDM had significantly higher

Table 2. Distribution of the extractable nuclear antigen antibody
profile in children with JDM (group JDM, n=14)

Value
Extractable nuclear antigen antibodies*
Anti-SM/RNP 1(7.1)
Anti-SS-B (anti KU positive) 1(7.1)
Anti-PCNA 2(14.3)
Negative 10 (71.4)
Myositis-specific autoantibodies*
Negative 4 (28.6)
Anti-TIF1 3(21.4)
Anti-NXP2 2(14.2)
Anti-pl12 1(7.1)
Anti-pl7 1(7.1)
Anti-pm75 1(7.1)
Anti-SRP 1(7.1)
Anti-histidyl tRNA synthetase (anti-Jo-1) 1(7.1)

*n (%), JDM: juvenile dermatomyositis, Ds-DNA: Double-stranded DNA,
CCP: Cyclic citrullinated peptide, PCNA: Proliferating cell nuclear antigen
protein
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frequency and number of capillaries with disorganized,
tortuous, crossing, enlarged, and giant features than the
healthy controls (p<0.05).

We also compared the nail-fold capillaroscopic findings
between children with and without myositis-specific

Table 3. Demographic and clinical characteristics of children with
and without myositis-specific autoantibodies

Children
With positive Negative au-
autoantibo- toantibodies  p-value
dies (n=10) (n=4)
Age (year)t 12.8(5.0-16.0) 9.5(4.0-11.0) 0.118**
Sext
Male 6 (60.0) 3(75.0) 0.999*
Female 4 (40.0) 1(25.0)
ANA titer*
Negative 0(0.0) 2 (50.0) 0.066*
Positive 10 (100.0) 2 (50.0)
Age at diagnosis 125(50-160) 95(4.0-11.0)  0.118**
(year)s
g:‘:;\sozics‘;re at ig:g)Bo.O— 420(38.0-500) 0.135
g‘::ra):e duration 30081100 32(01-65 0618
Physical findings*
Calcinosis 1(10.0) 2 (50.0) 0.176*
Skin involvement
Mild 5 (50.0) 3(75.0) 0.999*
Moderate 2(20.0) 0(0.0)
Severe 3(30.0) 1(25.0)
Muscular involvement*
Mild 7 (70.0) 3(75.0) 0.999*
Moderate 3(30.0) 1(25.0)
Disease course*
Monophasic 7 (70.0) 3(75.0) 0.999*
Polyphasic 3(30.0) 0(0.0) 0.505*
Chronicity* 0(0.0) 1(25.0) 0.286*
Medications
Steroid* 7 (87.5) 2 (66.7) 0.491*
Do s = 12000240 12000120 0592
IVIG* 4 (40.0) 2 (50.0) 0.999*
Follow-up (year)s 3.0(1.0-11.0) 3.2(1.0-6.5) 0.669**
f;':”t'i‘zlf::vrﬁ:: the 25:8)(50'0' 52.0(52.0-52.0) 0.527**

T mean standard deviation, *: n (%), &: median (min-max)

JDM: Juvenile dermatomyositis, ANA: Anti-nuclear antibody. CMAS: Child-
hood Myositis Assessment Scale, DMARD: Disease-modifying anti-rheumat-
ic drugs, bDMARD: Biologic disease-modifying anti-rheumatic drugs, IVIG:
Intravenous immunoglobulin, CMAS: Childhood Myositis Assessment Scale
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autoantibodies. There were significant differences in
the capillary density calculations and the length of the
intercapillary distances between the groups (p<0.05).
Capillary density was significantly higher in children
with positive autoantibodies (p=0.021), contrary to the
significantly lower values of intercapillary distance (p=0.023).
The other findings were similar between the groups (p>0.05)
(Table 5).

We found significantly higher values of the neocangiogenesis
score and MES in the JDM group than in the controls
(p<0.001 and p<0.001). The measurements of NFCD and
MES were not significantly correlated with age, age at

Table 4. Nail-fold capillaroscopy findings of the groups

diagnosis, CMAS at diagnosis, disease duration, duration of
steroid use, and length of follow-up (p>0.05) (Table 6).

DISCUSSION

This study demonstrated significant microvascular changes
in the qualitative and semi-quantitative evaluation of
nail-fold capillaroscopic findings in children with JDM
compared with healthy children. Higher neoangiogenesis
scores, MES values, and decreased NFCD were remarkable
findings in JDM. Morphological capillary abnormalities
were detected more frequently in children with JDM than
in healthy controls. The NFCD and intercapillary distance

Group JDM Control

(n=14) (n=20) p-value
Capillary density (capillary count/mm)s 8.0 (5.0-11.0) 10.0 (8.0-11.0) 0.001**
Capillary length (pm)s 299.5 (221.0-628.0) 329.0 (232.0-470.0) 0.649**
Arterial width (pm)$ 14.0(10.0-71.0) 11.0 (9.0-15.0) 0.001**
Venous width (pm)¢ 17.0 (13.0-82.0) 14.0 (10.0-17.0) 0.001**
Apical loop width (pm)s 21.5(14.0-79.0) 14.5 (12.0-33.0) 0.003**
The intercapillary distance (um)s 114.0 (92.0-251.0) 112.0 (98.0-225.0) 0.752**
Morphological changes
Number of overall capillaries (per linear mm)$ 0.812 (0.500-1.000) 0.0 (0.0-0.125) <0.001**
Capillary disorganizations 0.438 (0.250-0.625) 0.0 (0.0-0.250) <0.001**
Capillary tortuosity*
<%50 13 (92.9) 0(0.0) <0.001*
None 1(7.1) 20 (100.0)
Number of tortuous capillaries (per linear mm)s 0.500 (0.0-0.750) 0.0 (0.0-0.0) <0.001**
Crossing capillaries*
>%50 1(7.1) 0(0.0) 0.011*
<%50 10 (71.4) 6(30.0)
None 3(21.9) 14 (70.0)
Number of capillaries crossing (per linear mm)$ 0.375 (0.0-0.750) 0.0 (0.0-0.0) <0.001**
Dilated (enlarged) capillaries* 8 (57.1) 4 (20.0) 0.036*
Number of enlarged capillaries (per linear mm)$ 0.625 (0.0-0.750) 0.0 (0.0-0.0) <0.001**
Giant capillaries* 3(21.4) 0(0.0) 0.061*
Number of giant capillaries (per linear mm)$ 0.0 (0.0-0.625) 0.0 (0.0-0.0 0.005**
Avascular areas* 3(21.4) 0(0.0) 0.061*
Microhemorrhage* 5(35.7) 0 (0.0) 0.007*
Microhemorrhage area® 0.0 (0.0-0.375) 0.0 (0.0-0.0) 0.004**
Pericapillary edema* 2(14.3) 0(0.0) 0.162*
Neoangiogenesis* 7 (50.0) 0(0.0) 0.001*
Neoangiogenesis score® 0.562 (0.250-0.750) 0.0 (0.0-0.125) <0.001**
MESS 1.875 (1.250-2.300) 0.0 (0.0-0.375) <0.001**

*n (%), Smedian (min-max)
MES: Microangiopathy evolution score, JOM: Juvenile dermatomyositis
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Figure 1. Examples of abnormal capillary shapes (morphology); Giant
capillaries (homogeneous enlargement of all three limbs, normal
shape, and apical diameter 250 pm)

Figure 2. Examples of abnormal capillary shapes (morphology);
Capillary “ramifications”

Figure 3. Examples of abnormal capillary shapes (morphology);
"Meandering” capillaries
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values differed significantly between children with and
without myositis-specific autoantibodies. Although their
clinical presentations were similar, higher NFCD values in
children with positive autoantibodies might be explained
by possible pathophysiological mechanisms.

Decrements in NFCD, increments in avascular areas of the
relevant regions, minor (tortuous, crossed, and enlarged
capillaries), and significant capillary morphological changes
(mega, meandering, branching, bushy, bizarre, and
disorganized polymorphiccapillaries) were common findings
observed in several chronic inflammatory and connective
tissue diseases during childhood and adulthood, such as
sclerosis, scleroderma, eczema, psoriasis, dermatomyositis,
cutaneous lupus erythematosus, mixed connective
tissue diseases, coronavirus (SARS-CoV-2) infection,
and chronic hepatitis (2,11,17,19-25). We also detected
these microangiopathic changes in children with JDM.
Depending on the underlying diseases, various findings
were recommended to diagnose or survey their evolution.
Although authors are expected to specify each disease’s
most demonstrative pathological changes, they failed in
these comparative studies (2,11,17,21). These microvascular
abnormalities may be regarded as evidence of endothelial
tissue damage due to microvascular involvement rather
than pathognomonic signs. In addition to including several
capillaroscopic parameters in this study, we detected
significant differences in the capillaroscopic evaluations
between the JDM and healthy control groups. Nevertheless,
the lack of comparison between JDM and other pediatric
rheumatological diseases led to the detection of specific
capillaroscopic findings of JDM.

Schmeling et al. (1) investigated the association between
NFCD and JDM. They showed that NFCD was a marker
for skin and muscle disease activity and a reflection of
activity changes depending on the clinical visits of children
with JDM. NFCD was also proposed as a dynamic marker
of global disease activity of adult dermatomyositis (5).
Besides, the early occurrence of nail-fold abnormalities was
considered a universal finding in JDM (1,26). This feature
may be necessary for the diagnostic efficacy of NFCD in
JDM. Barth et al. (18) showed that decreased NFCD and
increased neovascularization were significantly associated
with higher disease activity and impaired muscle function
in adult patients with long-lasting JDM. The same research
team reported that NFCD was a predictive marker of lung
involvement in long-term JDM (14). It is believed that the
grades or extensiveness of nail-fold microangiopathic
changes in various rheumatological or connective tissue
diseases reflect the severity of the underlying pathologies
(22). These changes might be helpful during the onset of
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Table 5. Nailfold capillaroscopy findings of children with and without myositis-specific autoantibodies

Children

With positive autoantibo-

Negative autoantibodies

dies (n=10) (n=4) p-value
Capillary density (capillary count/mm)s 8.5(5.0-11.0) 7.0 (6.0-7.0) 0.021**
Capillary length (um)s 299.5 (221.0-628.0) 327.5(232.0-470.0) 0.999**
Arterial width (pm)$ 13.0 (10.0-71.0) 26.0 (22.0-30.0) 0.089**
Venous width (pm)$ 16.0 (13.0-82.0) 31.5(28.0-38.0) 0.088**
Apical loop width (um)s 16.5 (14.0-79.0) 30.0 (26.0-37.0) 0.088**
The intercapillary distance (pm)$ 111.0 (92.0-251.0) 154.5 (135.0-188.0) 0.023**
Morphological changes
Number of overall capillaries (per linear mm)s 0.9 (0.5-1.0) 0.8 (0.8-1.0) 0.884**
Capillary disorganization$ 0.4 (0.2-0.6) 0.5(0.4-0.6) 0.462**
Capillary tortuosity*
<%50 9 (90.0) 4.(100.0) 0.999*
None 1(10.0) 0(0.0)
Number of tortuous capillaries (per linear mm)$ 0.5(0.0-0.8) 0.6 (0.5-0.6) 0.271**
Crossing capillaries*
>%50 1(10.0) 0(0.0) 0.999*
<%50 7 (70.0) 3(75.0
None 2(20.0) 1(25.0)
Number of capillaries crossing (per linear mm)$ 0.4 (0.0-0.6) 0.4 (0.4-0.8) 0.183**
Dilated (enlarged) capillaries* 5(50.0) 3(75.0 0.580*
Number of enlarged capillaries (per linear mm)$ 0.6 (0.0-0.8) 0.6 (0.5-0.8) 0.770%*
Giant capillaries* 1(10.0) 2 (50.0) 0.176*
Number of giant capillaries (per linear mm)s 0.0 (0.0-0.6) 0.1 (0.0-0.2) 0.620**
Avascular areas* 1(10.0) 2 (50.0) 0.176*
Microhemorrhage* 3(30.0) 2 (50.0) 0.580*
Microhemorrhage area’ 0.0 (0.0-0.2) 0.1 (0.0-0.4) 0.320**
Pericapillary edema* 1(10.0) 1(25.0) 0.505*
Neoangiogenesis* 3(30.0) 4 (100.0) 0.070*
Neoangiogenesis score’ 0.5(0.2-0.8) 0.8 (0.5-0.8) 0.103**
MESS 1.9(1.2-2.3) 2.1(1.6-2.1) 0.277**

*n (%), *median (minnimum-maximum)
MES: Microangiopathy evolution score

Table 6. Correlation analysis of NFCD and MES with numerical

demographic and clinical parameters

Capillary density MES

r 0.182 0.074
Age

o 0.532 0.803

. . r 0.175 0.053

Age at diagnosis

o 0.550 0.857

r -0.175 0.217
CMAS upon diagnosis

o 0.550 0.457

r -0.056 -0.149
Disease duration

o 0.848 0.612
Duration of steroid r 0.216 -0.361
use P 0.458 0.205

r -0.077 -0.140
Follow-up

P 0.794 0.634

Spearman’s rho correlation coefficient was used

NFCD: Nail-fold capillary density, MES: Microangiopathy evolution score,

CMAS: Childhood Myositis Assessment Scale

the disease or during clinical follow-up examinations. In
addition, several scores based on capillaroscopic changes in
the nail-folds were considered sensitive tools for quantifying
and monitoring microvascular damage (18).

Pizzomi et al. (22) reported a positive association between
MES and skin telangiectasia in systemic sclerosis. They
also thought that vascular damage might be a predictive
factor for future organ involvement. Avcr et al. (23) found
no relationship between capillaroscopic changes and nail
involvement in psoriasis and eczema. The present study
found significantly higher MES values in children with JDM
than in healthy children. Nevertheless, no follow-up data
showed changes in the nail-fold capillaroscopic changes
according to treatment duration or duration in this study.
In addition, there were no significant correlations between
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NFCD and MES and other clinical parameters. Previous
studies have shown a relationship between NFCD, age, and
disease duration (14,27). We did not find any correlation
between these parameters. Our study group included only
children with a mean age of 10.4+4.0 years, contrary to
Sanner’s study in which older patients (24.9+12.7 years) were
investigated (27). Heterogeneous demographic and clinical
characteristics may be factors for such conflicting findings.

NFCD is one of the most common capillaroscopic findings
in several connective tissue disorders. Many researchers
have reported significant decreases, as in this study
(1,5,14,18,23 24). Although the extent of the avascular area
was significantly different between patients with psoriasis
and eczema and healthy controls, the relatively low number
of children with the avascular area might be the reason for
not reaching statistical differences in the present study (23).
Therefore, large-scale studies are needed to describe the
pathognomonic microangiopathic findings of JDM.

This study found significant differences in the NFC findings
between children with and without myositis-specific
autoantibodies. Children with positive autoantibodies
had higher NFCD and
values. Previous studies have investigated the possible
association NFCD measurements and the
positivity of several myositis-specific
Sugimoto et al. (13) found that the scores during nail-fold
video capillaroscopy were inversely correlated with anti-
melanoma differentiation-associated gene 5 antibody titers
in patients with dermatomyositis. Liu et al. (28) reported
higher arteriolar densities in patients with dermatomyositis
and positive anti-nuclear matrix protein-2 antibodies. They
also showed thickened vascular walls, thrombosis, and lipid
accumulation in these patients. Positive myositis-specific
autoantibodies are associated with a higher degree of
perivascular inflammation in children with juvenile overlap
myositis (29). Another study evaluated the impact of anti-
Jo-1 antibodies on the pathology of the perimysium and
neighboring muscle fibers in patients with myopathy (30).
They found that capillary density was normal, contrary to
reduced capillary density in dermatomyositis. The case series
design of the paper should be considered when evaluating
the findings. Thus, the impact of positive myositis-specific
autoantibodies on capillaroscopic changes in patients with
JDM remains unclear. Future studies are needed to clarify
these controversial issues.

lower intercapillary distance

between
autoantibodies.

Study Limitations

The relatively small number was the study’s main limitation.
The small number of children with positive myositis-specific
autoantibodies prevented a more dynamic analysis. In
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addition, the variances between the duration of the disease
and the time of NFC might be a limiting factor in obtaining
more accurate findings. Prospective studies that control
the disease characteristics, including duration, severity,
and different phenotypic involvements, might be helpful in
obtaining more powerful results.

CONCLUSION

In conclusion, children with JDM exhibited remarkable
nail-fold capillaroscopic changes that might be useful in
diagnosing and differentiating connective tissue disorders
in children.
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Can Systemic Inflammation Response Index (SIRI) and
Neutrophil-to-lymphocyte Ratio (NLR) Predict the
Presence of Placenta Accreta Spectrum in Pregnant
Women with Placenta Previa?

Sistemik Enflamasyon Yanit indeksi (SIRI) ve Nétrofil-lenfosit Orani (NLR),
Plasenta Previali Gebe Kadinlarda Plasenta Akreta Spektrumunun Varligini
Ongorebilir mi?
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ABSTRACT

Objective: Can systemic inflammation response index (SIRI) and neutrophil-to-lymphocyte ratio (NLR) predict the presence of placenta accreta
spectrum (PAS) in pregnant women with placenta previa (PP)?

Methods: This retrospective case-control study included 415 singleton pregnancies diagnosed with PP, of which 119 were in the study group with
PAS, and 296 were with no evidence of placental invasion. Demographic characteristics, laboratory parameters, and SIRI values of the groups
were compared. Cut-off values that could predict PAS were calculated.

Results: The mean gravidity, parity, abortion, and number of previous cesarean sections were higher in the PAS group compared to the control.
Gestational age was lower in the PAS group. There was no significant difference between the groups regarding body mass index and maternal
age. Mean lymphocyte and platelet counts were lower in the PAS group, while red cell distribution width (RDW) was higher than the control
group. The cut-off value for RDW was 3.63 (66% sensitivity, 48% specificity) in the receiver operating characteristic (ROC) curve. The optimal
sensitivity/specificity balance for NLR was 4.49, with 46% sensitivity and 69% specificity in the ROC curve.

Conclusion: RDW and NLR are useful auxiliary indicators for predicting PAS. The increases in SIRI values in the PAS group were not statistically
significant. The relationship between inflammatory parameters and the histological subtypes of PAS should be investigated in larger case groups.

Keywords: Inflammatory biomarkers, placenta accreta spectrum, placenta previa, systemic inflammatory response index

0z
Amag: Sistemik enflamasyon yanit indeksi (SIRl) ve nétrofil-lenfosit orani (NLR) plasenta previali (PP) hamile kadinlarda plasenta akreta
spektrumunun (PAS) varligini tahmin edebilir mi?

Gereg ve Yéntem: Bu retrospektif olgu-kontrol calismasina PP tanisi konulan 415 tekil gebelik dahil edildi, 119'u PAS calisma grubundaydi ve
296'sinda plasenta istilasi kaniti yoktu. Demografik verileri, laboratuvar sonuclari ve SIRI dederleri gruplar arasinda karsilastirildi. PAS'yi éngdren
alici calisma karakteristigi (ROC) egrisi kesme degerleri hesaplandi.
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Bulgular: Ortalama gravida, parite, dislik ve 6nceki sezaryen sayisi PAS grubunda kontrol grubuna gére daha yiksekti. PAS grubunda gebelik
yasi daha dustktl. Gruplar arasinda viicut kitle indeksi ve anne yasi acisindan énemli bir fark yoktu. PAS grubunda kontrol grubuna gére ortalama
lenfosit ve trombosit sayilari daha dustk, kirmizi hiicre dagilim genisligi (RDW) ise daha yUksekti. ROC egrisinde RDW icin kesme degeri 3,63 idi
(%66 duyarlilik, %48 Szgullik). NLR icin optimal duyarlilik/6zgiillik dengesi 4,49 idi (%46 duyarlilik, %69 6zgullik).

Sonug: RDW ve NLR, PAS'yi tahmin etmede faydali yardimei géstergelerdir. SIRI de@erlerindeki artislar PAS grubu icin istatistiksel olarak anlamli
degildi. Enflamatuvar parametreler ve PAS'nin histolojik alt tipleri arasindaki iliski daha buyiik olgu gruplarinda arastirilmalidir.

Anahtar Kelimeler: Enflamatuvar biyobelirtecler, plasenta acreta spektrumu, plasenta previa, sistemik immin enflamatuvar indeks, sistemik

enflamatuvar yanit indeksi

INTRODUCTION

Placental invasion anomalies indicate abnormal trophoblast
invasion into the myometrium, sometimes extending to the
serosa or beyond, without decidua. The level of placenta
intrusion might include placenta accreta, placenta increta,
or placenta percreta (1,2). These histological subtypes
often coexist and are generally called the placenta accreta
spectrum (PAS).

Placenta previa (PP) is identified as one of the most
important risk factors of PAS, defined by an internal cervical
os with a placental edge distance of less than 20 mm.
Another significant risk of PAS is prior cesarean section. In a
prospective study evaluating the frequency of PAS in women
with PP who underwent cesarean delivery, an increase in the
number of cesarean deliveries corresponded to a higher
frequency of PAS. While the coexistence of PAS was 3% after
one cesarean delivery in a patient with PP, it rose to 67%
after five or more cesarean deliveries (3). Other risk factors
include maternal age, multiple pregnancies, multiparity, a
history of prior uterine surgeries, pelvic radiation history,
manual removal of the placenta, postpartum endometritis,
infertility, and fertility treatments (4,5).

PAS is a significant cause of maternal morbidity because
the placenta does not spontaneously separate during
childbirth. Attempts to manually remove it can result
in life-threatening bleeding, often necessitating a
hysterectomy. Perinatal outcomes significantly improve
when PAS is diagnosed before delivery. However, a
large proportion of PAS cases cannot be diagnosed until
childbirth (6). The first step is identifying risk factors in the
mother. While PAS is often asymptomatic in the antenatal
period, it is diagnosed through findings on obstetric
ultrasound (USG) screenings. For women without clear
risk factors for placental invasion anomalies, incidental
findings can occur during routine USG examinations.
Still, in most cases, the diagnosis is not made until after
the placenta is delivered. Postpartum haemorrhage is
a common indication for peripartum hysterectomy in
PAS. Transfusion is the most frequently encountered

complication, followed by other surgical complications,
most commonly bladder injuries.

USG is the preferred choice for diagnosing PAS when
performed by experienced professionals (7). Magnetic
resonance imaging could be utilised if USG poses
challenges, such as maternal obesity, a posteriorly located
placenta, or laterally extending placental invasion. However,
the success of imaging methods may vary depending on
the experience of the specialist evaluating the method
and the clinical characteristics of the patient. Considering
the increasing prevalence of PAS and its adverse fetal and
maternal outcomes, diagnostic tools that do not require
clinical experience and are easy to apply have become
the focus of attention. Inflammatory markers are widely
utilised to predict overall morbidity and mortality in various
cancer types. Numerous studies have suggested that the
invasion of trophoblasts also shares many common features
with the invasion of cancer cells (8). Based on this, markers
such as mean platelet volume (MPV), platelet distribution
width (PDW), red cell distribution width (RDW), neutrophil-
to-lymphocyte ratio (NLR) and platelet-lymphocyte ratios
(PLR) have been extensively investigated in diagnosing the
presence of PAS (9-11).

Systemic immune-inflammation index (Sll) and systemic
immune response index (SIRI), are new indices that offer
insights into the prognosis of certain cancer types, response
to treatment, and risk assessment for cardiovascular
diseases (12-14). Within the scope of this research, we
aimed to elucidate the predictive value of SIRI and other
inflammatory indices in PAS and diagnose its subtypes in PP.

METHODS

This case-control study included 415 singleton pregnancies
diagnosed with PP, of which 119 were in the study group with
PAS, and 296 were without evidence of placental invasion.
Ethics committee approval has been granted by University
of Health Sciences Turkiye, Basaksehir Cam and Sakura City
Hospital, on 11/10/2023 with protocol number 2023-466.
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Since the study was retrospective, informed consent was
not obtained from the participants.

The location of placental implantation and the depth of
myometrial invasion were determined by perinatology
department  physicians using transabdominal  and
transvaginal 2D grayscale and Doppler ultrasonography
(Arietta 850, Hitachi, Tokyo, Japan) at the time of
admission. The diagnosis of PAS was confirmed by
macroscopic evaluation at the time of cesarean section
and by histopathological evaluation postoperatively. The
PAS group comprised pregnant women who underwent
partial uterine resection or cesarean hysterectomy due to
the detection of PAS during surgery; the diagnosis was
histologically confirmed. The PP group included pregnant
women confirmed to have PP during surgery but with no
detected placental invasion.

Pregnant women with chronic systemic disorders such as
hypertension and diabetes mellitus, those with ongoing
infections, and smokers were excluded from the study.
Additionally, for individuals with multiple pregnancies,
complications such as preeclampsia, preterm premature
rupture of the membranes (PPROM), intrauterine growth
restriction, gestational diabetes mellitus, intrauterine fetal
death, and pregnancy cholestasis were also excluded.

Patient data were sourced from our hospital management
information system. Data reliability and validity were ensured
by having one author enter the data, which another author
thenvalidated. Complete blood countcomponents obtained
from patients before medical or surgical intervention were
used for analysis. Haematological analyses were performed
in the same laboratory. NLR, PLR, monocyte-lymphocyte
ratio (MLR), SlI, and SIRI were calculated using neutrophil,
platelet, monocyte, and lymphocyte values.

SIRlwas calculated as the monocyte x neutrophil/lymphocyte;
Sl was calculated as the platelet x neutrophil/lymphocyte.
Variables such as age, gravidity, parity, miscarriage history,
previous cesarean count, gestational age at birth and body
mass index at the time of delivery, along with the histological
subtype of PAS, were evaluated in the patients. The predictive
success of all variables in estimating PAS in pregnant women
was calculated, and the cut-off values of significant variables
were determined. The relationship between inflammatory
indices of PAS histological subtypes was also investigated.
Tubes containing K3EDTA were used for CBC analysis. CBC
parameters were measured using an automated haematology
analyser (XT2000i, Sysmex, Osaka, Japan).

Statistical Analysis

All statistical analyses were conducted using R software.
Normality was assessed with the Shapiro-Wilk test.
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Continuous variables are expressed as means and standard
deviations. The Mann-Whitney U test was employed to
compare two groups for variables not normally distributed.
For dependent variables with more than two categories,
the Kruskal-Wallis test was used. Categorical data are
presented as counts and percentages and analysed using
chi-square and Fisher's exact tests as appropriate. The
predictive ability of inflammatory parameters for PAS was
assessed using receiver operating characteristic (ROC)
curve analysis. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

In the study, 119 (26.7%) patients were in the PAS group, and
296 (73.3%) patients were in the PP group. The mean age of
the patients in the PAS group was higher than the PP group,
although the difference was not statistically significant
(p=0.059). The patients’ mean gravidity, parity, abortus,
and number of previous c-sections were significantly higher
in the PAS group than in the PP group (p-value <0.001 for
all the variables). A significant difference was observed
between the PAS and PP groups regarding gestational age
(p<0.001). Additionally, the mean lymphocyte and platelet
counts were significantly lower in the PAS group compared
to the PP group (p=0.044 and p=0.018, respectively).
Furthermore, the RDW and NLR were significantly higher in
the PAS group than in the PP group (p=0.009 and p=0.011,
respectively). The groups had no significant differences
in MPV, PDW, PLR, MLR, SlI, and SIRl. The demographic
characteristics of the study population, haematological
parameters, Sll, SIRI, and other inflammatory indices are
presented in Table 1.

The performance of inflammatory parameters in predicting
PAS was analysed using the ROC curve. The Youden index
was utilised to find the cut-off points for PAS diagnosis.
The ROC curve cut-off value for RDW that yielded the best
sensitivity/specificity balance was determined to be 3.63
(66% sensitivity, 48% specificity). The optimal sensitivity/
specificity balance for NLR was achieved at a cut-off value
of 4.49, resulting in 46% sensitivity and 69% specificity. The
corresponding area under the curves and 95% confidence
intervals can be found in Table 2 and Figure 1.

We compared the subtypes of PAS (accreta, increta, and
percreta) based on the inflammatory parameters outlined in
Table 3. Although there was a lower mean for both SII and
SIRI'in the increta subtype, no significant differences were
observed across the various PAS subtypes.
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Table 1. Comparison of demographic features. Laboratory test results and inflammatory parameters between healthy pregnant women and

pregnant women with PAS

Parameters PP (n=296) PAS (0=119) p-value
Mean = SD Mean = SD

Maternal age (tear) 31.6£5.4 32.7+0.5 0.059
Gravidity (n) 3.1+0.1 4.5+0.2 <0.001™
Parity (n) 1.6+0.1 2.6+0.1 <0.001"™
Abortus (n) 0.5+0.1 0.9+0.1 <0.001™
Number of previous cesarean section (n) 0.8+0.1 2.2+0.1 <0.001™
Gestational ages at birth (week) 35.7+0.2 34.3+0.2 <0.001™
BMI 28.0+5.1 28.5+5.2 0.444m
Neutrophil count (pL) 8.3+6.0 8.4+3.4 0.092m
Lymphocyte count (pL) 2.2+0.1 1.9+0.1 0.044™
Monocyte count (pL) 0.7+0.02 0.7+0.03 0.359™
Platelet count (103%/pL) 237.6+4.1 220.7+6.1 0.018™
Mean platelet volume (fL) 10.9+0.1 10.7+0.1 0.087™
Platelet distribution width 13.2+0.2 12.9+0.2 0.231m
Red cell distribution width 14.9+0.2 15.3+0.2 0.009™™
Neutrophil-to-lymphocyte ratio 4.3+2.6 5.3+4.0 0.011™
Monocyte-to-lymphocyte ratio 0.4+0.2 0.4+0.3 0.247m
Platelet-to-lymphocyte ratio 127.7+58.9 131.3+59.3 0.570™
Systemic immune-inflammation index (10%/L) 1033.2+42.6 1149.7+86.5 0.281m
System inflammation response index 3.0£2.2 3.7+3.3 0.087m

PP: Placenta previa, PAS: Placenta accreta spectrum, BMI: Body mass index, ©: Independent t-test, ™ Mann-Whitney U test, SD: Standard deviation, *: A significant

p-value is <0.05
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Figure 1. Receiver operating characteristic curve for the placental
invasion anomalies in pregnant women with placenta previa

NLR: neutrophil-to-lymphocyte ratio, RDW: Red cell distribution width

DISCUSSION

In the presence of PP, high sensitivity is required for PAS
because when PAS is diagnosed prenatally, maternal
and perinatal outcomes significantly improve. Imaging
techniques can help predict the extent of placental invasion
(15). However, the diagnosis is not established in most
PAS cases until delivery. The need for an accurate, easily
detectable, and cost-effective diagnosis of PAS has led to
the investigation of alternative diagnostic biomarkers. For
this purpose, the effectiveness of serum biomarkers used
in the screening for growth factors, cell-free DNA, fetal
aneuploidy, and cardiac function disorders was investigated
(16,17).

In this study, pregnant women with PP and PAS, were
retrospectively examined regarding routinely measured
hemogram parameters, and newly identified inflammatory
markers. We found that some serum inflammatory markers
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Table 2. ROC curve analysis to assess the performance of inflammatory parameters in predicting placenta accreata spectrum

Sensitivity

Specificity

Parameters Cut-off value (%) (%) AUC p-value 95% confidence interval
RDW 3.6 66 48 0.582 0.006" 0.523-0.640
NLR 4.5 46 69 0.580 0.011" 0.518-0.642
SIRI 0.554 0.087 0.492-0.615
MLR 0.536 0.247 0.472-0.601
Sl 0.534 0.283 0.472-0.596
PLR 0.518 0.565 0.457-0.579
PDW 0.462 0.234 0.401-0.524
MPV 0.446 0.087 0.384-0.508

RDW: Red cell distribution width, NLR: Neutrophile to lymphocyte ratio, SIRI: Systematic inflammation response index (calculated as monocyte neutrophile/lymp-
hocyte), MLR: Monocyte to lymphocyte ratio, Sll: Systemic immune-inflammation index, PLR: Platelet count to lymphocyte ratio, PDW; Platelet distribution width,
MPV: Mean platelet volume, ROC: Receiver operating characteristic, AUC: Area under the curve. *: A significant p-value is <0.05

Table 3. Inflammatory parameters according to histological subtypes of PAS

Accreta (n=29) Increta (n=22)

Percreta (n=35)

Parameters p-value
Mean = SD Mean = SD Mean = SD
Sl 1171.2+881.4 978.2+561.7 1401.3+1355.4 0.203¢
NLR 5.0+3.7 4.8+2.8 6.3£5.5 0.345¢
PLR 128.3+50.1 123.6+42.9 145.9+83.1 0.396¢
MPV 12.6+0.9 10.8+1.6 10.5+1.0 0.391%
PDW 17.6£2.2 13.4+2.8 12.2+2.5 0.077¢
SIRI 4.2+24.9 3.3+2.0 4.1+3.3 0.100%
MLR 0.4+0.3 0.4+0.2 0.4+0.3 0.123¢
RDW 19.9+1.9 15.1+2.4 16.1+3.2 0.141%

SlI: Systemic immune-inflammation index, NLR: Neutrophile to lymphocyte ratio, PLR: Platelet count to lymphocyte ratio, MPV: Mean platelet volume, PDW: Pla-
telet distribution width, SIRI: System inflammation response index, MLR: Monocyte to lymphocyte rate, RDW: Red cell distribution width, SD: Standard deviation,

k Kruskal-Wallis test, *: A significant p-value is <0.05

could predict PAS in women with PP. Our study determined
that RDW could predict PAS in PP, while no significant
relationship was found between Sl and SIRI. Additionally, no
significant relationship was found between the histological
subtypes of PAS and inflammatory markers.

The previous literature shows conflicting results regarding
the relationship between PP and PAS, and inflammatory
markers obtained from complete blood count. Ersoy et al.
(10) found that the MPV and platelet large cell ratio values
were reduced in patients diagnosed with placenta percreta
in the third trimester compared to PP patients. In another
study, it was reported that the NLR and PLR values in PP
cases were significantly higher than in non-PP pregnant
women (11). Abide Yayla et al. (9) demonstrated that NLR
and MPV increased in PAS patients compared to those
without placental invasion, while RDW decreased Karakog
et al. (18) stated that no significant difference was found
in NLR and PLR values, but the delta neutrophil index was
significantly higher in PP and PAS cases. According to Keles
et al. (19), there was no difference in RDW between PAS
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and PP cases; however, PDW was lower, and MPV, NLR, and
PLR were higher in PAS cases compared to PP cases. In our
study, RDW and NLR were significantly higher in PAS than
in PP cases. This result is consistent with a study suggesting
that elevated RDW values indicate increased inflammation
and oxidative stress (20).

Peripheral blood cells include pro-inflammatory cells, such
as neutrophils, platelets, and monocytes; and anti-tumour
immune cells, such as lymphocytes, that can indirectly
reflect the tumour microenvironment (21). Keles et al. (19)
found that the platelet and neutrophil counts were high,
while the lymphocyte count was low in PAS cases compared
to PP cases. Ersoy et al. (10) demonstrated a significant
increase in the neutrophil count in PP patients compared
to healthy controls. In our study, although there was no
significant difference in the monocyte count between PAS
and PP cases, compared to PP cases, the neutrophil count
was higher, and the lymphocyte and platelet counts were
lower in PAS cases.
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SIRI is a new prognostic marker reflecting the inflammatory
response. Elevated SIRl has been associated with poor
prognosis in various cancers and inflammatory diseases
(22,23). Wang et al. (24) associated high SIRI levels with
reduced survival time, accelerated tumour progression, and
increased rates of recurrence or metastasis in cancer patients.
A higher SIRI level correlates with a stronger systemic
immune-inflammatory response (25). In the obstetric field,
SIRI has been utilised in several studies. In a recent study, SIRI
was reported to have the highest diagnostic power among
inflammatory parameters in determining the diagnosis
of early pregnancy loss (26). Fang et al. (27), in their study
comparing cervical cerclage with non-invasive procedures,
found that initial Sl and SIRI values were important
biochemical markers in predicting maternal and neonatal
outcomes. The relationship between SIRI levels and PAS
has not been published yet. In our study, although we found
higher SIRI values in PAS cases compared to PP cases, we
could not establish a significant relationship between them.

Sl is an objective marker reflecting systemic inflammation.
Recently, SII has been associated with the diagnosis,
prognosis, and response to treatment in various malignant
tumours (13). Tanacan et al. (28) identified a relationship
between elevated Sll values in pregnant women with PPROM
and negative neonatal outcomes. Keles et al. (19) found a
significant increase in Sll in pregnant women with PAS. In our
study, although we observed higher Sll values in PAS patients
than in PP patients, we could not establish a significant
relationship between the higher Sl values and PAS patients.

In the literature, only a few studies have investigated the
relationship between inflammatory parameters and the
histological subtypes of PAS. Our study could not find a
significant relationship between the histological subtypes
of PAS and SlI, SIRI, and inflammatory markers. Thus,
we concluded that in addition to the depth of invasion,
the extent of invasion could also influence inflammatory
parameters in PAS patients. Our findings are consistent with
the study that did not find a relationship between Sl and
other inflammatory markers and PAS (19).

The basic limitations of this study are that the data were
obtained from a single clinical research centre, along with
its retrospective design. The study cohort size was reduced
due to patients not being included, adversely affecting
the study’s power. However, its strengths include a greater
number of cases compared to previous studies and the
evaluation of numerous haematological inflammatory
parameters. The relationship between SIRl and the
presence of PAS, and the histological subtypes of PAS, has

been investigated for the first time.

Conclusion

As aresult, PAS leads to changes in inflammatory parameters
duetoitsinvasive nature. In cases suspectedto have placental
invasion anomalies, parameters from complete blood count
can also be utilised, in addition to imaging methods. RDW
and NLR can be used to predict PAS in pregnancies with
PP. However, the strength of this proposition should be
supported by more comprehensive studies. Furthermore,
the relationship between inflammatory parameters at
different trimesters and maternal-fetal morbidity and
mortality should be investigated. The association between
inflammatory parameters and the histological subtypes of
PAS should be explored in larger case groups.
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Comparison of Post-Operative Long-Term Surgical
Fibrosis in the Multifidus Muscle Between
Microdiscectomy and Microendoscopic Discectomy

Mikrodiskektomi ve Mikroendoskopik Diskektomi Sonrasi Multifidus Kasindaki
Uzun Donem Cerrahi Fibrozisin Karsilastiriimasi

Bilent Bozyigit!, 2 Hakan Kina?2

1G6zde International Hospitals, Clinic of Neurosurgery, izmir, Tarkiye

2jstinye University Faculty of Medicine, Department of Neurosurgery, istanbul, Tiirkiye

ABSTRACT

Objective: The aim of this study is to compare long-term post-operative surgical fibrosis in the multifidus muscle between microdiscectomy (MD)
and microendoscopic discectomy (MED) procedures.

Methods: The study included 70 patients with post-operative surgical fibrosis in the multifidus muscle. Various types of MED were analyzed,
including percutaneous endoscopic lumbar discectomy (PELD), percutaneous endoscopic interlaminar discectomy (PEID), and unilateral biportal
endoscopic discectomy (UBED). Creatine phosphokinase (CPK) and C-reactive protein (CRP) levels were measured pre-and post-operatively.
Hospital stay duration and operative time were also recorded.

Results: The MD group demonstrated significantly higher post-operative CPK levels compared to the other groups (p<0.05). Similarly, CRP levels
were highest in the MD group (p<0.01), while lower levels were observed in the PEID and PELD groups. The UBED group exhibited a larger
cross-sectional area compared to each of the PEID and PELD groups (p<0.01). Additionally, the PELD group had the shortest hospital stay and
operative time (p<0.01).

Conclusion: This study underscores significant variations in outcomes based on surgical approaches used for spinal conditions, particularly
regarding post-operative fibrosis in the multifidus muscle. MD was associated with higher CPK and CRP levels, suggesting increased muscle injury
and inflammatory response compared to PELD and PEID techniques.

Keywords: Surgical fibrosis, multifidus muscle, microdiscectomy, microendoscopic discectomy, creatine phosphokinase

oz

Amag: Bu calismanin amaci, mikrodiskektomi (MD) ve mikroendoskopik diskektomi (MED) islemleri sonrasi multifidus kasinda olusan uzun dénem
cerrahi fibrozisi karsilagtirmaktir.

Gereg ve Ydéntem: Calismaya, multifidus kasinda cerrahi fibrozis gelisen 70 hasta dahil edilmistir. MED'in farkli turleri incelenmistir: Perkitan
endoskopik lomber diskektomi (PELD), perkitan endoskopik interlaminar diskektomi (PEID) ve tek tarafli biportal endoskopik diskektomi (UBED).
Kreatin fosfokinaz (CPK) ve C-reaktif protein (CRP) seviyeleri, ameliyat dncesi ve sonrasi &l¢llmustir. Ayrica, hastanede kali stresi ve ameliyat
stresi kaydedilmistir.

Bulgular: MD grubunda ameliyat sonrasi CPK seviyeleri, diger gruplarla karsilastirildiginda, istatistiksel olarak anlamli derecede daha ylksek
bulundu (p<0,05). Ayni sekilde, CRP seviyeleri de MD grubunda en ylksek dizeydeydi (p<0,01). PEID ve PELD gruplarinda ise CRP seviyeleri
daha dusukti. UBED grubunun kesitsel alani, PEID ve PELD gruplarina gére daha genisti (p<0,01). PELD grubu, en kisa hastanede kalis slresi ve
operasyon slresi ile dne cikti (p<0,01).

Sonug: MD, daha yiksek CPK ve CRP seviyeleriyle iliskili oldugu ve bu durumun ameliyat sonrasi kas hasari ve enflamatvuar yanitin daha fazla
oldugunu gésterdigi saptanmistir.

Anahtar Kelimeler: Cerrahi fibrozis, multifidus kasi, mikrodiskektomi, mikroendoskopik diskektomi, kreatin fosfokinaz
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INTRODUCTION

Chronic low back pain is a major cause of disability
worldwide and remains the leading non-cancerous reason
for opioid prescriptions. Biomechanically, the multifidus
and surrounding paraspinal muscles are vital for stabilizing
the spine, ensuring correct posture, and limiting excessive
vertebral Various spinal disorders, such
as scoliosis, spinal stenosis, and disc herniation, have
been linked to paraspinal muscle fibrosis, atrophy, and
fatty infiltration in clinical practice (1). The development
of surgical fibrosis in the multifidus muscle during
postoperative recovery is a critical factor influencing spinal
stability (2). Microdiscectomy (MD) and microendoscopic
discectomy (MED) are two widely used techniques for
treating lumbar disc herniation, both designed to minimize
tissue trauma (3). As the multifidus muscle plays a vital role
in maintaining spinal balance and controlling movement,
its damage during surgery can lead to significant pain and
functional impairments. Postoperative fibrosis refers to the
formation of scar tissue following spinal surgeries, such as
MD and MED. This fibrosis results from tissue stress induced
by surgical techniques, the body’s inflammatory response,
or surgical trauma (4). Fibrosis in the multifidus muscle
can contribute to chronic pain, impaired muscle function,
and decreased spinal stability (5). Postoperative fibrosis
in the multifidus muscle is a recognized complication,
particularly following lumbar disc surgeries such as MD and
MED. However, there is limited research on the long-term
effects of this fibrosis and its impact on surgical outcomes,
leaving questions about the influence of these procedures
on muscle tissue unanswered. For the treatment of lumbar
disc herniation, interlaminar endoscopic lumbar discectomy
is regarded as a less invasive alternative to microscopic
lumbar discectomy. Nevertheless, studies investigating
radiologic changes in the multifidus muscle following these
procedures remain limited. Enhancing the volume and
function of the multifidus muscle may contribute to better
long-term surgical outcomes (6). This study aims to compare
the long-term effects of MD and MED on the multifidus
muscle, with the goal of refining surgical techniques and
improving patient outcomes.

movement.

METHODS

This study was planned as a retrospective comparative
analysis, involving 70 patients who underwent one of four
surgical methods for lumbar disc herniation. The surgeries
were performed by two experienced spine surgeons,
each with over seven years of expertise in both open and
endoscopic procedures. Eligible patients had disc herniation
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causing nerve root compression, which manifested as leg
symptoms consistent with sciatica and back pain, persisting
for at least six weeks despite conservative treatment. All
patients underwent lumbar spine radiography, magnetic
resonance imaging (MRI), and computed tomography for
diagnosis.

Exclusion criteria included patients with foraminal or
extraforaminal disc herniation, multilayer disc herniation,
spinal stenosis, spondylolisthesis, scoliosis, prior lumbar
surgery, spinal infections, tumors, or hip or knee arthritis.
Demographic data (age, gender), along with laboratory
markers including creatine phosphokinase (CPK) and
C-reactive protein (CRP), were recorded during the first
seven days post-surgery. Pain levels were evaluated on
postoperative days (POD) 1, 3, 5, and 30. Additionally, the
presence of fibrosis in the multifidus muscle was assessed
via MRI (Figure 1). The Oswestry disability index (ODI),
length of hospital stay, and surgery duration were also
documented.

Ethical approval was granted by the istinye University
Human Research Ethics Committee (date: 01.08.2024,
protocol no: 24-154), and all participants provided written
informed consent.

Statistical Analysis

Statistical analyses were performed using SPSS (Version 22.0,
IBM Corp., Armonk, NY), with data distribution normality
assessed using the Shapiro-Wilk test. Descriptive statistics
are presented as mean * standard deviation or median
(range) depending on the data distribution. Intergroup
differences were evaluated using the Kruskal-Wallis test,
and a p-value of less than 0.05 was considered statistically
significant.

Surgical Procedures

Microdiscectomy

The patient was positioned prone, and a 3-cm midline
incision was made. The paravertebral muscles were
dissected using monopolar cautery, and the ligamentum
flavum was excised during partial laminectomy and medial
facetectomy under microscopic observation. The fractured
disc fragment, extruded disc material, intra-annular
fragments, and partial nucleus pulposus were carefully
removed, preserving the endplate.

Percutaneous Endoscopic Lumbar Discectomy

This procedure was performed under local anesthesia with
the patient in the prone position. A skin entry point, 10-13
cm from the midline, was identified. An 18-gauge spinal
needle was inserted under fluoroscopic guidance, and
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Figure 1. Comparison of the cross-sectional area (mm? of high-intensity regions in the paraspinal muscle at the surgical site. Images from
preoperative axial T2-weighted magnetic resonance imaging (MRI) (A) and postoperative MRI (B) are shown

after confirming the location of the nerve root, discography
was performed using a contrast medium and indigo carmine.
A guidewire was introduced, followed by a cannulated
obturator, and a working cannula was inserted into the disc (7).

Percutaneous Endoscopic Interlaminar Discectomy

Under spinal anesthesia, the entry site was positioned at
the lateral interlaminar space of the affected side. A small
skin incision was made, and a dilator was placed into the
interlaminar space. A working channel was inserted, with
the final position confirmed by fluoroscopy. After the
endoscope was introduced, soft tissue was cleared to
expose the ligamentum flavum (8).

Unilateral Biportal Endoscopic Discectomy

Performed under epidural anesthesia, this technique
involved cranial and caudal entry points placed 1 cm above
and below the target lesion. The cranial site served as the
primary endoscopic portal, while the caudal site was used
as the functional portal. After fascia opening and muscle-
splitting dissection, successive dilators were introduced,
followed by insertion of an arthroscope into the endoscopic
portal (9).

RESULTS

A total of 70 patients were included in the study to compare
long-term post-operative surgical fibrosis in the multifidus
muscle between the MD and MED techniques. Seventeen
patients underwent percutaneous endoscopic interlaminar
discectomy (PEID) and MD, while 18 patients underwent
percutaneous endoscopic lumbar discectomy (PELD) and
unilateral biportal endoscopic discectomy (UBED) (Table 1).

The mean age of the patients was 44.09 years in the MD
group, compared to 42.91, 46.01, and 47.44 years in the
PELD, PEID, and UBED groups, respectively. The average
operation times were 56.44+1575 minutes for PELD,
80.84+17.56 minutes for MD, 85.53+17.78 minutes for
PEID, and 96.14+16.96 minutes for UBED. Hospital stays
were 1.45+0.47 days for PELD, 2.87+0.66 days for PEID,
2.97+0.36 days for UBED, and 3.05+1.25 days for MD. Both
operation time and hospital stay were shorter in the PELD
group (p<0.01). In terms of high-intensity lesions (HIL),
the cross-sectional area (CSA) was 97.64+109.83 mm?2 in
the PELD group, 149.20+110.58 mm?2 in the PEID group,
481.16+233.39 mm? in the UBED group, and 629.94+208.67
mm? in the MD group (p<0.01) (Figure 1). The MD group
showed the highest CSA, while the UBED group had a
larger CSA than the PEID and PELD groups. ODI scores
were 28.97+9.42 for MD, 30.47+9.24 for PELD, 28.57+11.66
for PEID, and 31.60+8.12 for UBED. ODI scores improved
significantly by POD-30, with values of 13.95+7.05 for MD,
11.01£3.77 for PELD, 10.37+4.5 for PEID, and 10.33+5.4 for
UBED, although the differences among groups were not
statistically significant (Table 2).

The MD group had higher visual analog scale (VAS) scores
for back pain on both POD-1 and POD-3. Specifically, VAS
scores for leg pain and back pain were lowest in the PELD
group at all time points (p<0.05) (Figure 2). CPK levels
showed a pattern of increase and subsequent decrease. CPK
levels peaked on POD-1 in 61 patients (88%), with the MD
group showing the highest CPK-1 and CPK-3 levels (p<0.05).
Significant differences were observed in CPK values at POD-
5 and POD-7 across all groups (Figure 3). The CPK ratio was
1.67+0.55 in the MD group, compared to 1.21+0.48 in the
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PELD group, 1.26=1.12 in the PEID group, and 1.34£0.55 in
the UBED group (p=0.037). For CRP, significant outcomes
were noted at POD-1, POD-3, POD-5, and POD-7 across
all groups (Figure 4). CRP levels also peaked on POD-1 and
POD-3, with the MD group exhibiting higher CRP-1, CRP-
3, CRP-5, and CRP-57 levels compared to the other groups
(p<0.05).

DISCUSSION

This study compared postoperative long-term surgical
fibrosis in the multifidus muscle following MD and MED.
A total of 70 patients with surgical fibrosis in the multifidus
muscle were included, and levels of CPK and CRP were
assessed both before and after surgery. The study also
examined the length of hospital stays and the duration of
the surgeries. The findings indicated that the MD group
exhibited the highest CPK levels following surgery. MD
surgery minimizes the size of skin incisions and improves
visibility; however, muscle contraction and separation are
still required. Minimally invasive spinal surgery procedures
are becoming increasingly popular. Endoscopic surgeries
provide several benefits, including minimal blood loss,
reduced hospital stays, and faster recovery times (10). On
the other hand, the MD group exhibited the highest CRP
levels. CRP, an acute-phase protein produced by the liver,
increases in response to inflammation, tissue damage,

Table 1. Operative levels

Level MD UBED PELD PEID
L1-L2 - - 1 -
L2-13 - - 1 1
L3-L4 1 2 3 2
L4-L5 10 " " "
L5-S1 6 5 2 3
Total 17 18 18 17

MD: Microdiscectomy, UBED: Unilateral biportal endoscopic discectomy,
PELD: Percutaneous endoscopic lumbar discectomy, PEID: Percutaneous
endoscopic interlaminar discectomy

Table 2. Laboratory and clinical results of all techniques

Med J Bakirkoy 2025;21:55-61

or infection. Post-surgery, CRP levels typically peak
rapidly and normalize within five days. The extent of CRP
elevation depends on the type and duration of the surgical
procedure, with instrumented surgeries leading to higher
peak levels compared to single-level decompression
procedures. In the MD technique, the paraspinal muscle is
detached from the lamina and facet joints using a muscle-
stripping method. Excessive dissection, retraction, and
muscle stripping during surgery may result in segmental
instability, which contributes to severe low back pain (11).

A VAS for back pain

admission POD 1 POD 3 POD 5 POD 30
—@—MD k- PELD — m-PEID - o= UBED

VAS for leg pain

admission POD 1 POD 3 POD 5 POD 30

[ ——MD -a-PELD - mw-PED —e -UBED |

Figure 2. Variations in visual analog scale (VAS) scores among all
groups: (A) for back pain and (B) for leg pain

MD: Microdiscectomy, UBED: Unilateral biportal endoscopic
discectomy, PELD: Percutaneous endoscopic lumbar discectomy,
PEID: Percutaneous endoscopic interlaminar discectomy

MD PELD PEID UBED p-value
Age 44.09 (11.34) 42.91 (6.52) 46.01 (8.92) 47.44 (12.22) p>0.05
Sex (M:F) 6:11 11:7 6:11 8:10 p>0.05
OT, minutes 80.84 (17.56) 56.44 (15.75) 85.53 (17.78) 89.14 (18.98) 0.01
HS, days 9.05 (3.25) 4.15(3.83) 6.47 (2.16) 6.53 (2.36) 0.02
CSA of HIL, mm? 629.97 (208.67) 97.64 (109.83) 149.11 (110.58) 481.16 (233.37) 0.01
ODI, Adm 28.96 (9.43) 30.47 (9.24) 28.57 (11.66) 31.71(8.14) p>0.05
ODI, POD-30 13.95 (7.05) 11.01 (3.77) 10.37 (4.5) 10.33 (5.4) p>0.05

MD: Microdiscectomy, PEID: Percutaneous endoscopic interlaminar discectomy, PELD: Percutaneous endoscopic lumbar discectomy, UBED: Unilateral biportal
endoscopic discectomy, OT: Operation time, CSA: Cross sectional area, HIL: High intensity lesion, ODI: Oswestry disability index, POD: Postoperative days
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Figure 3. Fluctuations in creatine phosphokinase (CPK) levels across all study groups
MD: Microdiscectomy, UBED: Unilateral biportal endoscopic discectomy, PELD: Percutaneous endoscopic lumbar discectomy, PEID: Percutaneous

endoscopic interlaminar discectomy
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Figure 4. Alterations in C-reactive protein (CRP) levels observed in all groups
MD: Microdiscectomy, UBED: Unilateral biportal endoscopic discectomy, PELD: Percutaneous endoscopic lumbar discectomy, PEID: Percutaneous

endoscopic interlaminar discectomy

In contrast, the PEID and PELD groups demonstrated
significantly lower CRP levels. Among the groups, the
PELD group showed the lowest CRP levels in the HIL of
the paraspinal muscle, compared to UBED and MD. Full
endoscopic procedures resulted in shorter hospital stays,
fewer postoperative back pain, and fewer muscle injury.
Similar results were observed for PEID and PELD. The
UBED system, which uses two ports-one for the endoscope
and one for surgical instruments-allows clear vision without
the need for constant saline irrigation or muscle retraction.
Surgical instruments can be used without restriction.
According to our research, surgical invasiveness has
an early effect on postoperative back discomfort and

length of hospital stay (12). Furthermore, it was found
that the UBED group had a larger CSA compared to the
PEID and PELD groups. PEID and PELD employ muscle-
splitting techniques using blunt obturators and successive
dilators to preserve the paraspinal muscle. PEID requires
partial facet joint and lamina removal, along with the
cauterization of surrounding muscles and soft tissues to
reach the epidural area, while PELD allows direct access to
the disc fragment without the need for a barrier. The UBED
technique integrates muscle-splitting and, to a lesser
extent, muscle-stripping techniques (13). The comparison
of postoperative long-term surgical fibrosis in the
multifidus muscle following MD and MED offers significant
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implications for clinical practice. The study’s findings are
crucial for clinical practitioners, particularly spine surgeons,
as they provide valuable insights into how different surgical
techniques impact the multifidus muscle. This knowledge
can help guide decisions on whether to perform a MD or
a MED, based on the potential effects on the multifidus
muscle. These implications extend to surgical practice
patterns, influencing how neurosurgeons and orthopedic
surgeons approach spinal surgery. By understanding the
long-term effects of these procedures on the multifidus
muscle, surgeons may adjust their strategies to optimize
patient outcomes. Such findings could also inform medical
education programs, ensuring that practitioners are aware
of the postoperative consequences of various procedures.
The study also highlights the importance of patient
education and informed decision-making. A thorough
understanding of the long-term consequences of MD and
MED on the multifidus muscle allows patients to make
more informed choices regarding their treatment options.
This patient-centered approach encourages active patient
involvement in decision-making, helping them understand
the potential risks and benefits of each surgical option.

Study Limitations

The study has two main limitations: the small sample size
and the focus on long-term outcomes. Additionally, the
level of CPK-MM in skeletal muscle was not measured, so it
remains unclear whether the HIL observed in the paraspinal
muscles reflect actual muscle damage. Follow-up MRl scans
would be helpful to determine if these lesions are associated
with muscle atrophy. Since the study is based on data from a
specific cohort, the findings may not be applicable to other
healthcare settings or populations. Further research should
involve diverse cohorts to improve the generalizability of
the results. The focus on fibrosis and its long-term effects
on outcomes is also limited, leaving gaps in understanding
how surgical procedures impact muscle tissue. Several
factors may significantly influence these outcomes, but it is
not feasible to address all variables within a single study.

CONCLUSION

The study found that the MD group exhibited the highest
levels of CPK and CRP following surgery. These results
suggest that MD surgery may have a more significant
impact on muscle stress, as reflected by these biomarkers.
In contrast, the PEID and PELD groups displayed lower
CRP levels, indicating less inflammation. Additionally, the
UBED group had a significantly larger CSA compared to the
PEID and PELD groups. The PELD group also had shorter
hospital stays and shorter operating times, suggesting a
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more efficient recovery process. While MD showed more
substantial biomarker responses, PELD demonstrated the
most favorable outcomes in terms of recovery time and
hospital stay. Additional studies are required to validate
these results and investigate the prolonged impacts of
these surgical methods on muscle structure and the overall
healing process.
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The Impact of TRIMANO Adjustable Arm Holder on
Proximal Humerus Fracture Management: Enhancing
Surgery Duration, Surgical Efficiency, and Patient Outcomes

TRIMANO Ayarlanabilir Kol Tutucusunun Proksimal Humerus Kirgi
Yonetimindeki Etkisi: Cerrahi Sure, Cerrahi Verimlilik ve Hasta Sonuglarinin
lyilestirilmesi

Cumhur Deniz Davulcu®, ©@ Muhammed Yusuf Afacan'.2

Tistanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of Orthopaedics and Traumatology, istanbul, Tiirkiye
2jstanbul University-Cerrahpasa, Cerrahpasa, Institue of Graduate Studies, Department of Anatomy, Istanbul, Tirkiye

ABSTRACT

Objective: This study investigates the impact of adjustable arm holders on ensuring stable fixation in the appropriate position and rotation
during surgery, as well as on surgery duration and early postoperative functional outcomes in patients with proximal humerus fractures.

Methods: A retrospective evaluation was conducted on 34 patients with Neer 3-part or 4-part proximal humerus fractures. They were divided
into two groups: eighteen patients without an adjustable arm holder and 16 patients with an adjustable arm holder TRIMANO FORTIS® (Arthrex,
Maguet GmbH) during surgery. Surgery times were obtained from patient files, and functional outcomes were assessed postoperatively using
joint range of motion and Constant-Murley scores.

Results: No significant difference in surgery duration was found based on the number of fracture parts (p=0.741). However, a significant difference
was observed in postoperative Constant-Murley scores relative to the number of fracture parts (p=0.047), with 3-part fractures showing better
functional recovery. The use of adjustable arm holders significantly reduced surgery time (p=0.003) and improved postoperative Constant-Murley
scores (p=0.008). Increased surgery duration negatively impacted postoperative Constant-Murley scores (p=0.001). Regression analysis identified
age, use of adjustable arm holders, and number of fracture parts as significant factors influencing postoperative Constant-Murley scores
(p<0.0001), with age and number of fracture parts negatively affecting recovery, and the use of adjustable arm holders having a positive effect.

Conclusion: Adjustable arm holders significantly reduce surgery duration and improve postoperative functional outcomes in patients with Neer
3-part and 4-part proximal humerus fractures. Superior functional recovery was noted in patients with 3-part fractures compared to those with
4-part fractures.

Keywords: Arm, orthopedic equipment, patient positioning, humeral fractures, equipment design, operative time, outcome assessment,
shoulder joint

0oz

Amacg: Bu calismada, ayarlanabilir kol tutucularinin ameliyat sirasinda uygun pozisyon ve rotasyonda stabil fiksasyon saglamadaki etkisi, ameliyat
stiresi ve proksimal humerus kingi olan hastalarda erken postoperatif fonksiyonel sonuglar arastirilmistir.

Gereg ve Yéntem: Neer 3 parcali veya 4 parcali proksimal humerus kingr bulunan 34 hastanin retrospektif degerlendirmesi yapildi. Hastalar,
ameliyat sirasinda ayarlanabilir kol tutucu TRIMANO FORTIS® (Arthrex, Maquet GmbH) kullanilmayan 18 hasta ve kullanilan 16 hasta olmak tzere
iki gruba ayrildi. Ameliyat sireleri hasta dosyalarindan elde edildi ve fonksiyonel sonuglar, postoperatif eklem hareket acgikligi ve Constant-Murley
skorlari ile degerlendirildi.

Bulgular: iki grup arasinda yas, cinsiyet dagilimi, takip siiresi ve Neer kirik parcalarinin sayisi acisindan karsilastirilabilir bir fark bulunmadi.
Kirik pargalarinin sayisina gére ameliyat stiresinde anlamli bir fark bulunmadi (p=0,741). Ancak, postoperatif Constant-Murley skorlarinda kirik
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parcalarinin sayisina gére anlamli bir fark gézlendi (p=0,047); 3 parcali kiriklar daha iyi fonksiyonel iyilesme gdsterdi. Ayarlanabilir kol tutucularinin
kullanimi ameliyat slresini anlamli derecede azaltti (p=0,003) ve postoperatif Constant-Murley skorlarini iyilestirdi (p=0,008). Artan ameliyat
slresi, postoperatif Constant-Murley skorlarini olumsuz yonde etkiledi (p=0,001). Regresyon analizi, yas, ayarlanabilir kol tutucu kullanimi ve kirik
parcalarinin sayisinin postoperatif Constant-Murley skorlarini etkileyen dnemli faktorler oldugunu goésterdi (p<0,0001); yas ve kirik pargalarinin
sayisi iyilesmeyi olumsuz etkilerken, ayarlanabilir kol tutucu kullanimi olumlu bir etkiye sahipti.

Sonug: Ayarlanabilir kol tutucularinin kullanimi, Neer 3 parcali ve 4 parcali proksimal humerus kirgi olan hastalarda ameliyat siiresini anlamli
dlctide kisaltmakta ve postoperatif fonksiyonel sonuglari iyilestirmektedir. Ug parcali kiriklarda, 4 parcali kiriklara kiyasla tistiin fonksiyonel iyilesme
gdzlemlenmistir. Proksimal humerus kiriklarinda ayarlanabilir kol tutucularinin cerrahi protokollere entegrasyonu, cerrahi verimliligi ve hasta

sonuglarini iyilestirerek hasta bakimina katki saglayabilir.

Anahtar Kelimeler: Kol, ortopedik ekipman, hasta pozisyonlama, humerus kiriklari, ekipman tasarimi, ameliyat stresi, sonu¢ degerlendirme,

omuz eklemi

INTRODUCTION

Proximal humerus fractures, constituting approximately
5-6% of adult fractures (1,2), were first classified by Neer
in 1970. This is the most commonly used classification in
such fractures, constituting four parts: articular surface
of the humeral head, greater tuberosity, lesser tuberosity,
and shaft (3-5). While humeral shaft fractures typically
undergo conservative treatment, surgery becomes a crucial
consideration in cases of displaced fractures to decrease
the risk of non-union (). Plate osteosynthesis emerges
as the preferred surgical method over intramedullary
nailing for humeral shaft fractures extending proximally,
since intramedullary nailing heightens the risk of shoulder
limits  shoulder often

impingement, mobility, and

necessitates the removal of metal implants (7,8).

In proximal humerus fracture surgery, ensuring the patient’s
optimal positioning is imperative to facilitate the most
effective surgical approach. Nonetheless, this necessitates
assistant surgeons to maintain the patient’s arm in the
desired position throughout the entirety of the procedure,
which may oblige them to be positioned further from the
surgical area (9). Ensuring stable fixation in the correct
position and rotation is paramount in proximal humerus
fracture surgery. Without the utilization of an adjustable
arm holder, achieving fixation in the desired position
poses considerable challenges. These devices keep the
limb in the right position, with or without traction, freeing
up the surgical assistant to focus on other tasks during
the procedure (9). TRIMANO FORTIS® (Arthrex, Maquet
GmbH) serves as an adjustable arm holder attached to any
operative table, aiding in upper limb surgeries. It can be
maneuvered using an accessible handle to position the
patient’s arm optimally for the procedure. With its three-
joint mechanism, the TRIMANO enables easy adjustments
of the limb across various positions, accommodating a wide
range of surgical procedures (10). The arm holder ensures
the surgical position remains steady, allowing the surgeon to
position the limb optimally for the most effective approach
to the surgical site.

We hypothesize that employing adjustable arm holders
will streamline surgical procedures, yielding improved
outcomes. In this way, we assume that the patients’
postoperative clinical results will be better that the surgery
time will be significantly shorter. Consequently, our objective
is to assess the impact of adjustable arm holders on surgical
duration and early postoperative functional outcomes in
patients undergoing proximal humerus fracture surgery.

METHODS

This study was approved by the istanbul University-
Cerrahpasa Clinical Research Ethics Committee (number:
E-83045809-604.01-1004836, date: 07.06.2024). Informed
consent was obtained from all individual participants
included in the study. The study encompassed patients
treated at our clinic for proximal humerus fractures with plate
osteosynthesis between 2020 and 2022 who consented to
participate in the research. Exclusions comprised patients
who were unreachable, those who missing regular follow-up
appointments, individuals with follow-up periods less than
one year post-operation, those who refused to participate,
those who underwent prior surgical procedures on the same
upper extremity, and individuals with documented rotator
cuff tears or other shoulder pathologies.

In this study, two groups were established based on the
utilization of the adjustable arm holder TRIMANO FORTIS®
(Arthrex, Maguet GmbH) during proximal humerus surgery.
Figure 1 shows the components of the TRIMANO and
Figure 2 demonstrates set-up and usage. Patients were
evaluated retrospectively. A total of 34 patients meeting
the inclusion criteria were included in our study. The group
in which adjustable arm holders were used consisted of 16
people, whilethe group inwhich theywere notused consisted
of 18 people. The groups were determined randomly. We
evaluated patients’ gender, age, operation year, number
of fracture parts according to Neer classification, operation
duration, follow-up time, and postoperative Constant-
Murley scores (11,12).

Arm holders were randomly used during operations,
without specific patient selection criteria. Patients were
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Figure 1. TRIMANO adjustable arm holder components. The
TRIMANO adjustable arm holder is shown in its storage case. The
image on the right displays the arm holder fully extended

Figure 2. TRIMANO adjustable arm holder setup and usage. The left
image shows the TRIMANO adjustable arm holder attached to an
operating table, ready for use. The middle and right images illustrate
the arm holder in action, securing a patient’s arm during surgery to
provide stable positioning and facilitate surgical procedures

operated on without arm holders due to the limited
availability of arm holders and the potential occurrence
of simultaneous shoulder arthroscopic procedures in our
hospital. All surgeries were conducted by the same surgeon.
Fractures were classified using the Neer classification
system, and the number of fracture parts was recorded
independently by two different surgeons. This process
was repeated twice, yielding consistent results. The same
surgeons performed operations in both groups, employing
the (anterior) deltopectoral approach for all patients. The
operation durations were extracted from the patients’
medical records. The patients’ pain status, activity level,
arm positioning, abduction strength, and shoulder range of
motion were evaluated individually. Constant-Murley scores
were recorded at a minimum of one year post-operation.
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Statistical Analysis

Within the scope of the study, the number of samples
was calculated using power analysis. As a result of the
power analysis performed with G*Power (version 3.1.9.6)
in the 2-group study, the reliability was 95%, the effect size
was 1.25, and the power value was 0.90. In this context,
the minimum number of samples was calculated as 32.
Accordingly, since it was deemed appropriate to conduct
the study by taking at least 16 samples from each group,
a minimum of 16 patients for each group was included
in the study. In this study, a series of statistical analyses
were performed to determine the factors affecting the
results of surgical interventions performed with or without
adjustable arm holders. Data analysis was performed using
international business machines corporation Statistical
Package for the Social Sciences statistics 24 software.
Data analysis: the dataset consists of a total of 34 patients,
including various demographic and clinical characteristics.
These data include patients’ surgery times, follow-up
periods, fracture classifications according to Neer, use
of adjustable arm holders, and postoperative Constant-
Murley scores. Descriptive statistics: first, descriptive
statistics (mean, standard deviation, minimum, maximum
and median values) were calculated for variables such as the
patients’ surgery year, age, gender, fracture classification
and use of adjustable arm holders. Correlation analysis: the
relationships between the patient’s surgery time, follow-
up time, and postoperative Constant-Murley score were
evaluated using the Pearson correlation coefficient (r).
Statistical significance levels (p-values) and r are reported.
The effect of categorical variables such as gender, number
of fracture parts, and use of adjustable arm holder on
patients’ outcomes and surgery duration was analyzed
with the Mann-Whitney U test. Chi-square test: the effect
of the use of adjustable arm holders on the distribution of
the number of fracture parts was examined with the chi-
square test. Regression analysis: multiple linear regression
analysis was performed for factors thought to be effective
on the postoperative Constant-Murley score (age, use of
adjustable arm holders, and number of fracture parts). In
the analysis, the effects of independent variables on the
dependent variable are reported along with unstandardized
and standardized coefficients, t-statistics and p-values.

RESULTS

Considering the surgery year of the 34 patients participating
in the study, the p-value obtained as a result of the chi-
square test, was calculated as 0.278. This result shows that
there is no statistically significant difference between the
use of adjustable arm holders based on the year of surgery
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(detailed in Table 1). There was no statistically significant
difference in age between the groups (p>0.05). The p-value
of the chi-square test for gender distribution is 0.968,
indicating that there is no statistically significant difference
between the groups in terms of gender. The p-value
obtained as a result of the chi-square test for this variable
is 1.000, which indicates that 3-and 4-part fractures, have a
similar distribution in the groups with and without adjustable
arm holders. The age, gender distribution, follow-up period,
and the number of Neer fracture fragments of the patients
are similar in both groups (detailed in Table 1 and Table 2).
Operation duration in minutes, follow-up times in years,
and postoperative Constant-Murley scores are detailed in
Table 1. The average surgery time is 105.29 minutes, and
the standard deviation is 15.02 minutes. The average follow-
up period was 1.82 years. Constant-Murley scores obtained
after surgery vary between 70 and 100. The mean score was
calculated as 86.26. These results show that postoperative
patients generally achieved high functional gains and had a
good recovery process (Table 1).

rus Fracture Management

There is no statistically significant difference in surgery
times and postoperative Constant-Murley scores between
male and female patients. There is no statistically significant
difference in surgery time according to the number of
fracture parts (detailed in Table 3). There is a statistically
significant difference between postoperative Constant-
Murley scores according to the number of fracture parts
(p=0.047). It indicates that patients with 3-part fractures
show higher functional recovery than those with 4-part
fractures. The average surgery duration of patients without
an adjustable arm holder was determined as 112.22
minutes, and the duration for patients with an adjustable
arm holder was determined as 97.50 minutes. The use of
adjustable arm holders significantly reduces the surgery
time (p=0.003). The postoperative mean Constant-Murley
score, of patients without an adjustable arm holder, was
determined as 82.89, with a standard deviation of 7.35
and a median of 82. For the patients studied, the mean is
90.06, the standard deviation is 6.86, and the median is 91.
The use of adjustable arm holders significantly improves

Table 1. The demographic, clinical, and surgical characteristics of the patients included in the study

% T % T+ % Min Max X SD M

OY 2020 2 5.9 2 1.1 0 0.0
OY 2021 *p=0.278 24 706 11 61.1 13 81.3
OY 2022 8 235 5 27.8 3 18.8
Age Total Group 34 31 70 50.68 10.44 50
Age T- 18 52.9 31 69 50.11 10.31 49

**p=0.769
Age T+ 16 471 32 70 51.31 10.88 51
Male 19 55.9 10 556 9 56.3

*p=0.968
Female 15 441 8 444 7 43.8
Neer 3-part 17 500 9 500 8 50.0

*p=1,000
Neer 4-part 17 500 9 500 8 50.0

- 18 52.9
TRIMANO

+ 16 471
Operation duration in minutes 85 145 105.29 15.02 100
Follow-up time in years 1 3 1.82 0.52 2
Postoperative Constant-Murley 70 100 86.26 790 86

score

*Chi-square test, **Mann-Whitney U test, OY: Operation year, T-: Trimano not used, T+: Trimano used, n: Total number, Min: Minimum, Max: Maximum, X: Mean,

SD: Standard deviation, M: Median

Table 2. Distribution of Neer classification types with and without adjustable arm holder

Adjustable arm holder

Chi-square test

TRIMANO - TRIMANO +
% n % p-value
Neer 3-part 9 52.9 8 471
Neer classification 1.000
Neer 4-part 9 52.9 8 471

-: Not used, +: Used, n: Total number
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Mann-W-
hitney U
test
M  p-value
95 0.003
1.000
0.008

TRIMANO +
SD
040 2

90.06 686 91

108 97.50 9.31
1.81

82

SD
15.92
0.62
7.35

Adjustable arm holder
TRIMANO -

112.22
1.83
82.89

X

Mann-W-
hitney U
test
p-value
100 0.741
0.489
0.047

M
84

2

SD
15.57
0.56
6.70

NEER 4-part
106.18
1.76

83.29

100
92

SD
14.88
0.49
8.07

NEER classification
88

NEER 3-part
104.41
89.24

1.

X

Mann-W-
hitney U
test
p-value
0.726
0.794
0.972

M
105
84

2

SD
15.61
0.56
8.55

Female
106.00
1.80
86.13

100
86

SD
14.95
0.50
7.58

Gender
Male
104.74
1.84
86.37

Table 3: Comparison of operation duration, follow-up times, and postoperative constant scores by gender, Neer classification, and use of adjustable arm holder

SD: Standard deviation, X: Mean, M: Median

Opera-
tion du-
ration in
minutes
Fol-
low-up
times in
year
Posto-
perative
constant
scores

o
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postoperative Constant-Murley scores (p=0.008) (detailed
in Table 3).

A moderate negative correlation with r=-0.532 was
determined between the patient’s surgery time and the
postoperative Constant-Murley score. This relationship
is statistically significant with a value of p=0.001. This
result shows that as the surgery duration increases, the
postoperative Constant-Murley score decreases, meaning
that prolonging the surgery duration may negatively affect
functional results (Table 4).

The constant value in the regression analysis model
was calculated as 119,456, and this value is statistically
significant (t=23,436, p<0.0001). This is the mean value of
the postoperative Constant-Murley score expected when
each of the independent variables is zero. The effect of the
age variable on the postoperative Constant-Murley score is
negative (-0.516). The standardized coefficient (-0.682) shows
that age reduces the postoperative Constant-Murley score,
meaning that as age increases, the level of postoperative
functional recovery decreases. This coefficient is statistically
significant (t=-7,779, p<0.0001). The use of an adjustable
arm holder has a positive effect on the postoperative
Constant-Murley score (7,794). The standardized coefficient
(0.500) indicates that this variable has a significantly positive
effect on the score. The contribution of this variable is also
statistically significant (t=5,923, p<0.0001). The effect of
the number of fracture parts variable on the postoperative
Constant-Murley score is negative (-3.056). The standardized
coefficient (-0.196) indicates that more fracture fragments
reduce the postoperative functional recovery score. This
effect is statistically significant (t=-2,243, p=0.032). The R?
value of the model was calculated as 0.787. This indicates
that the model explains 78.7% of the variance in the
dependent variable, meaning the model is highly effective.
The f-statistic testing the overall significance of the model
is 36,961, and this value is statistically significant (p<0.0001).
This regression model clearly reveals that the factors
affecting the postoperative Constant-Murley score are age,
use of adjustable arm holders, and the number of fracture
parts. While age and the number of fracture parts have a
negative effect on postoperative recovery, the use of an
adjustable arm holder has a positive effect (Table 5).

DISCUSSION

In our investigation, we examined the impact of the
TRIMANO adjustable arm holder on managing proximal
humerus fractures, with a focus on surgical duration,
efficiency, and patient outcomes. Our results revealed
a notable reduction in surgery time in the group utilizing
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Table 4. Correlation analysis of operation duration, follow-up times, and postoperative constant scores

Correlation analysis

Operation duration

. . Postoperative Cons-
Follow-up times in year

in minutes tant-Murley scores
r 1.000 0.239 -0.532
Operation duration in minutes
p-value 0.173 0.001
r 1.000 0.041
Follow-up times in year
p-value 0.817
r 1.000
Postoperative constant scores
p-value
r: Pearson correlation coefficient
Table 5. Regression analysis for predicting postoperative constant scores
Unstandardized coefficients ?te}ndardnzed coef-
Regression analysis icients t p-value R? F
B SE Beta
Constant-Murley* 119.456 5.097 23.436 <0.0001
Age -0.516 0.066 -0.682 -7.779 <0.0001
Adjustable arm holder 7.794 1316 0.500 5.923 <0.0001 0.787  36.961
Neer classification number 3056 1363 019 2243 0.032

of fracture parts

Dependent variable=Postoperative constant score, Method=Stepwise

*The constant value in the model is calculated as 119,456, which is statistically significant (t=23,436, p<0.0001). This value represents the expected mean

postoperative Constant-Murley score when all independent variables are zero

adjustable arm holders, coupled with an improvement
in postoperative Constant-Murley scores, indicating the
potential benefits of employing this device in enhancing
both surgical efficiency and patient recovery. Moreover, our
findings underscore the adverse effect of prolonged surgery
time on functional outcomes, while also demonstrating
superior functional recovery in patients with 3-part fractures
compared to those with 4-part fractures.

Adjustable extremity holders play a crucial role in
orthopedic surgery by providing enhanced stability and
facilitating improved surgical access. In the absence of such
holders, assistant surgeons are tasked with positioning and
maintaining stability throughout the procedure. However,
utilizing adjustable holders eliminates the need for constant
manual adjustment, resulting in reduced vibration and
allowing surgeons to approach the surgical site with greater
precision and ease. Numerous authors have demonstrated
the impact of adjustable extremity holders on surgery
duration, consistently noting a decrease in operating
theater time with their utilization (9,10,13,14). Kim et al. (15)
conducted a study examining the effect of intraoperative
limb positioning on both-column acetabular fractures,
yielding satisfactory radiological and clinical outcomes
following the implementation of intraoperative traction with
a limb positioner. Washburn et al. (16) detailed a technique
for managing acute ankle traumas using a combination of

a previously placed calcaneus external fixation pin and the
TRIMANO (Arthrex, Naples, FL,) external positioning arm to
apply skeletal traction during both arthroscopic and open
definitivefixation procedures. Schulz-Drostetal. (17) reported
that in the stabilization of flail chest injuries employing
minimally invasive techniques aimed at addressing the core
instability, if posterior and lateral approaches were deemed
necessary, patients were positioned in a lateral decubitus
posture. During this positioning, the ipsilateral arm was
kept mobile using a TRIMANO three-dimensional (3D)
Support Arm® (MAQUET Holding B.V. and Co. KG, Rastatt,
Germany). In Bohringer et al. (18) study on intraoperative
3D imaging in plate osteosynthesis of proximal humerus
fractures, the patient’s arm was positioned freely with the
assistance of a support arm (Arthrex TRIMANO®). Alkhani et
al. (13) examined the transaxillary approach in the treatment
of thoracic outlet syndrome by using the TRIMANO Arthrex
arm as an assistive device. Their findings suggest that
employing the TRIMANO Arthrex arm is both safe and
beneficial in positioning and managing patients undergoing
transaxillary first rib resection. Notably, its use reduces
the requirement for surgical assistants and enhances
surgeon comfort by ensuring stable exposure throughout
the procedure. Ashour et al. (10) presented a case of
elbow trauma requiring orthopedic and vascular repair,
highlighting the TRIMANO device's usefulness in upper limb
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plastic surgery. They recommend its adoption to streamline
procedures, reduce staffing needs, and enhance training
opportunities. Herzberg and Field (19) studied the use of
a mechanical forearm holder during elbow arthroscopy in
the lateral decubitus position. They discovered that this
technique offers a simple and reproducible method to
maintain elbow joint position without requiring an assistant,
facilitating effective elbow arthroscopy. Gentile et al. (14)
recommended utilizing the TRIMANO FortisTM arm in ankle
arthroscopy. Their findings indicate that the TRIMANO arm
enables rapid, one-handed manipulation of distraction
during the procedure, streamlining ankle arthroscopy.
Assiotis et al. (9) outlined a surgical technique that adapts
the use of the TRIMANO FORTIS® dynamic pneumatic
limb positioner (Arthrex, Maquet GmbH) for open and
arthroscopic procedures involving the elbow, proximal
forearm, midshaft, and distal humerus, and they reported
that this approach provided simplicity, reproducibility, and
improved surgical efficiency. Donggiang et al. (20) proved
that the TRIMANO universal robotic arm, when used with
contact shoulder arthroscopy, significantly aids surgical
procedures and clinical teaching. They also showed that its
potential for integration with remote medicine and other
disciplines (21) streamlines shoulder arthroscopy practices
and enhance teaching platforms (20).

In our literature review, we did not come across any previous
studies comparing patients who had arm holders during
surgery with those who did not. This makes our study
unique, as we analyzed surgery duration and functional
outcomes in both groups for the first time in the literature.

Study Limitations

One limitation of our study may lie in the follow-up time, as
we had recently introduced this device. Consequently, we
focused on analyzing short-term outcomes. However, in the
future, we plan to conduct a follow-up study to evaluate the
long-term outcomes of the same patient groups.

CONCLUSION

In conclusion, our investigation into the impact of the
TRIMANO adjustable arm holder on managing proximal
humerus fractures reveals significant contributions to
surgical efficiency, patient outcomes, and overall clinical
practice. Consistent with the literature, our study confirms
the efficacy of adjustable extremity holders in reducing
surgery  time, postoperative
scores, and improving patient recovery. Importantly, our
findings emphasize the detrimental effects of prolonged
surgery time on functional outcomes, underscoring the

enhancing functional
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importance of efficient surgical techniques. Furthermore,
our study contributes to the existing body of knowledge by
highlighting the superior functional recovery observed in
patients with 3-part fractures compared to those with 4-part
fractures. This evidence also underscores the power of the
Neer classification system in predicting functional outcomes
and guiding clinical decision-making in the management of
proximal humerus fractures. Overall, our results support the
widespread adoption of adjustable extremity holders, such
as the TRIMANO device, as valuable tools in orthopedic
surgery, offering tangible benefits in terms of surgical
efficiency, patient recovery, and ultimately, improved clinical
outcomes.
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Comprehensive Analysis of Factors Affecting Surgical
Outcomes in Intracranial Aneurysm Patients with Poor
Prognosis

K&t Prognozlu intrakraniyal Anevrizma Hastalarinda Cerrahi Sonuglari
Etkileyen Faktorlerin Kapsamh Analizi

Murat Baloglu, @ Hakan Millet, ©© Serdar Ercan

University of Health Sciences Tirkiye, Eskisehir City Hospital, Clinic of Neurosurgery, Eskisehir, Tiirkiye

ABSTRACT

Objective: This research study examines the surgical outcomes of patients with severe aneurysmal subarachnoid hemorrhage (aSAH) based on
data from a single center. The traditional conservative management approach has shown poor outcomes, leading to the consideration of surgical
interventions. This study aims to assess the importance of surgical clipping in improving functional outcomes and identify factors influencing
prognosis.

Methods: The study included 27 patients with poor-grade aSAH who underwent surgical interventions within 72 hours of the event. Data
collected included patient demographics, clinical presentation, imaging findings, surgical details, complications, length of hospital stay, and
functional outcomes at follow-up.

Results: The findings indicate that surgical interventions, including aneurysm clipping and decompressive craniectomy, were performed in
selected cases. However, overall functional outcomes were limited, with a small number of patients showing favorable recovery. The six-month
mortality rate was high, with infection and massive brain edema as leading causes of death. Advanced age was associated with increased mortality
risk. Factors such as gender, clinical status upon admission, imaging findings, aneurysm location, and timing of surgery did not significantly
impact the risk of death or length of survival.

Conclusion: This study contributes to understanding surgical management strategies for poor-grade aSAH. Further research and advancements
are needed to improve outcomes. Identifying predictive factors for prognosis can aid in treatment decision-making and provide realistic
expectations for recovery. The study underscores the complexity of poor-grade aSAH and the ongoing debate regarding optimal surgical
interventions in these cases.

Keywords: Intracranial aneurysms, poor-grade, surgical outcomes, prognosis, timing of surgery
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Amag: Bu arastirma, koétl dereceli anevrizmal subaraknoid kanamali (aSAH) hastalarin cerrahi sonuglarini tek merkezden elde edilen verilere
dayanarak incelemektedir. Kétl dereceli aSAH olgular daha yiksek klinik siddet ve daha kétiu prognozlarla iligkilidir. Geleneksel konservatif
tedavi yaklasiminin kéti sonuglar vermesi, anevrizmanin erken kliplenmesi gibi cerrahi miidahalelerin potansiyel tedavi stratejileri olarak
degerlendirilmesine yol acmistir. Bu calisma, fonksiyonel sonuglarin iyilestiriimesinde cerrahi kliplemenin énemini degerlendirmeyi ve prognozu
etkileyen faktorleri belirlemeyi amaglamaktadir.

Gereg ve Yéntem: Calismaya, olaydan sonraki 72 saat icinde cerrahi midahale uygulanan kotl dereceli aSAH'li 27 hasta dahil edildi. Toplanan

veriler arasinda hasta demografik &ézellikleri, klinik gérinim, gériintileme bulgulari, cerrahi ayrintilar, komplikasyonlar, hastanede kalig stresi ve
takipteki fonksiyonel sonuglar yer aliyordu.

Bulgular: Bulgular, secilmis olgularda anevrizma kliplemesi ve dekompresif kranyektomiyi iceren cerrahi mudahalelerin uygulandigini
gostermektedir. Bununla birlikte, genel fonksiyonel sonuglar sinirliydi ve az sayida hasta olumlu iyilesme gésterdi. Alti aylik 8lim orani yiksekti;

Address for Correspondence: Serdar Ercan, University of Health Sciences Turkiye, Eskisehir City Hospital, Clinic of Received: 01.05.2024
Neurosurgery, Eskisehir, Tlrkiye Accepted: 31.10.2024
E-mail: srdrercn@gmail.com ORCID ID: orcid.org/0000-0002-8299-1789 Publication Date: 25.03.2025

Cite as: Baloglu M, Millet H, Ercan S. Comprehensive analysis of factors affecting surgical outcomes in intracranial
aneurysm patients with poor prognosis. Med J Bakirkoy. 2025;21:70-75

70 Copyright® 2025 The Author. 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/0000-0001-7727-1982
https://orcid.org/0000-0002-9434-3666
https://orcid.org/0000-0002-8299-1789

Baloglu et al. Surgery of Poor Grade Aneurysm

enfeksiyon ve agir beyin édemi baslica liim nedenleriydi. ileri yas, artan 8liim riskiyle iliskilendirildi. Cinsiyet, basvuru sirasindaki klinik durum,
goruntileme bulgulari, anevrizmanin yeri ve ameliyatin zamanlamasi gibi faktorler, 8luim riskini veya hayatta kalma siresini énemli dlclide

etkilemedi.

Sonug: Bu calisma, kot dereceli aSAH igin cerrahi tedavi stratejilerinin anlasiimasina katkida bulunmaktadir. Sonuglarin iyilestirilmesi icin daha
fazla arastirma ve ilerlemeye ihtiyac vardir. Prognoz icin 6ngériicti faktérlerin belirlenmesi, tedaviye karar verilmesine yardimer olabilir ve iyilesme
icin gercekei beklentiler saglayabilir. Calisma, distk dereceli aSAH'in karmasikliginin ve bu olgularda optimal cerrahi midahalelerle ilgili devam

eden tartismanin altini giziyor.

Anahtar Kelimeler: intrakraniyal anevrizmalar, kdti-dereceli, cerrahi sonuglar, prognoz, ameliyatin zamanlamasi

INTRODUCTION

Aneurysmal subarachnoid hemorrhage (aSAH) is a severe
state characterized by hemorrhaging into the subarachnoid
area due to the rupture of an intracranial aneurysm (1,2).
Poor-grade aSAH refers to cases with a higher clinical
severity, typically classified as Hunt and Hess grades IV
and V. These patients face markedly poorer outcomes and
numerous challenges in their management (3,4). Surgical
intervention, particularly aneurysm clipping, has been
increasingly considered as a potential treatment strategy in
poor-grade aSAH cases (3,5,6). This research paper aims to
provide insights into the surgical results of individuals with
low-grade aSAH.

The traditional approach to the management of aSAH
involved conservative measures as the primary therapy,
with surgery postponed for individuals who have survived
the initial critical period (5,7). However, this approach was
associated with high mortality rates and poor functional
outcomes in a substantial proportion of patients. Recent
evidence suggests that aggressive surgical intervention,
such as early aneurysm clipping, may yield improved
functional outcomes (3,5-7). Ultra-early surgery has also
been explored as a potential strategy to enhance overall
survival rates. Consequently, the role of surgical intervention
in poor-grade aSAH cases has become a topic of increasing
interest and debate.

In this research study, we present the outcomes of surgical
interventions performed on patients with poor-grade aSAH,
based on data collected from a single tertiary neurosurgery
facility. Our objectiveis to evaluate the significance of surgical
clipping in enhancing functional results in these patients and
identify factors that may influence the overall prognosis. By
analyzing the specific roles of patient characteristics such
as age, gender, and imaging findings, we intend to offer
significant insights on how these characteristics predict the
functional outcomes of patients with poor-grade aSAH.
This study contributes to the existing body of knowledge
regarding surgical management strategies for poor-grade
aSAH and seeks to enhance our understanding of the

potential benefits and limitations of surgical interventions in
this challenging patient population.

METHODS

The study complied to the ethical principles of the
Declaration of Helsinki and was authorized by the University
of Health Sciences Turkiye, Eskisehir City Hospital Non-
Interventional Clinical Research Ethics Committee (decision
no: ESH/GOEK-2023/45, date: 17.08.2023). All people who
participated in this study have provided informed consent.
Patient data were de-identified and handled in strict
confidentiality to ensure privacy and compliance with data
protection regulations. This study utilized a retrospective
single-center analysis to comprehensively evaluate surgical
outcomes in poor-grade intracranial aneurysm patients.
The study aimed to navigate the challenges associated with
the management of this patient population and provide
insights into their surgical outcomes.

The study involved adult participants aged 18 years or older
who met specific criteria: (1) confirmation of at least one
intracranial aneurysm using cerebral computed tomography
angiography (CTA) and/or digital subtraction angiography
(DSA); (2) Initial clinical assessment upon admission
classified as Hunt and Hess grades IV or V; and (3) Surgical
intervention within 72 hours after the onset of coma.

Participants who met any of these criteria were excluded
study: (1) non-aneurysmal
hemorrhage (sSAH) or sSAH of unknown etiology, (2)
patients with aneurysms in the posterior circulation, (3)
patients categorized as Hunt and Hess grades |, I, or Ill at
arrival, (4) patients who ultimately received endovascular
treatment instead of surgical intervention, (5) patients who
suffered rebleeding from a remaining aneurysm after prior
surgery, (6) patient with severe comorbid disease that affects
consciousness.

from the subarachnoid

Patient data were collected retrospectively from
electronic medical records, radiological reports, and
surgical databases. The collected information included
demographic characteristics, clinical presentation, imaging
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findings, surgical details, postoperative problems, duration
of hospitalization, and functional status at the following

evaluations.

The primary outcome measures assessed in this study were
functional outcomes, including neurological status and
quality of life, evaluated at follow-up. Secondary outcome
measures included perioperative complications, length of
hospital stay, and mortality rates.

Statistical Analysis

We utilized statistical methods such as the t-test and chi-
square test, when needed, to present a clear summary of
the main characteristics of our study sample. To identify
characteristics associated with the risk of mortality and
duration of life, we utilized Cox proportional hazard
analysis, univariate and multivariate logistic regression

Med J Bakirkoy 2025;21:70-75

analysis, to identify characteristics associated with the risk
of mortality and duration of life. All statistical analyses were
conducted, and the results were found to be significant at
a significance level of less than 0.05. SPSS was used for all
statistical analyses.

RESULTS

The study comprised 102 individuals with spontaneous SAH,
73 of whom had aneurysmal SAH. Twenty-seven patients had
a poor-grade clinical condition upon admission, comprising
14 males and 13 females (Table 1).

Regarding the severity of SAH, 27 patients had Hunt and
Hess scores of grades 4 or 5, indicating a more severe
clinical presentation. Additionally, 21 patients had Fisher
grade 4, suggesting a higher degree of subarachnoid blood
on imaging.

Table 1. A compilation of data on each patient’s clinical condition, Fisher grade, specific type and timing of surgery and the subsequent

outcomes after 6 months

Patient  H-H grade Fisher grade Location Surgery Time of surgery (hours)  Outcome (GOS)
1 4 4 MCA Clipping 48 1
2 5 4 MCA Clipping <24 h 1
3 5 4 ICA Wrapping 72 1
4 4 4 aCom Clipping <24 h 3
5 4 3 aCom Clipping 48 4
6 5 4 MCA Clipping 48 1
7 5 4 MCA Clipping <24h 1
8 5 4 aCom Clipping <24 h 3
9 4 3 MCA Clipping 48 5
10 5 4 MCA Clipping 48 1
" 5 4 aCom Clipping <24 h 4
12 4 4 MCA Clipping <24 h 3
13 4 3 MCA Clipping <24h 1
14 5 4 MCA Clipping <24 h 1
15 5 4 aCom Clipping 72 1
16 4 3 aCom Clipping <24 h 2
17 4 3 MCA Clipping 48 5
18 5 4 aCom Clipping <24 h 4
19 4 4 pCom Clipping <24 h 3
20 5 4 aCom Clipping 72 5
21 5 4 MCA Wrapping <24 h 1
22 5 4 MCA Clipping 48 1
23 4 3 pCom Clipping 48 2
24 4 4 MCA Clipping <24h 3
25 5 4 MCA Clipping <24 h 1
26 5 4 aCom Clipping <24 h 1
27 5 4 aCom Clipping <24 h 1

H-H: Hunt-Hess, GOS: Glasgow Outcome Scale, aCom: Anterior communicating artery, MCA: Middle cerebral artery, pCom: Posterior communicating artery,

ICA: Internal carotid artery
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Imaging techniques played a crucial role in the diagnosis
and evaluation of aneurysms. Of the patients, 24 had their
aneurysms detected by CTA, while 3 cases required DSA
for detection, as CTA failed to identify these aneurysms.
Importantly, all aneurysms detected by CTA were confirmed
by subsequent DSA. The majority of aneurysms (14) were
located in the middle cerebral circulation, followed by 10
in the anterior cerebral circulation and 3 in the ophthalmic
artery.

Complications associated with the ruptured aneurysm
included intraparenchymal hematoma in 9 patients and
intraventricular hematoma in 7 patients.

Treatment strategies varied among the patients. Sixteen
patients underwent surgical clipping within 24 hours of
admission, while 21 patients required the insertion of

Table 2. Basic characteristics of participants

Factors Mean
Age 56
Follow-up 14

Male 14
Gender

Female 13

Grade 4 11
Hunt-Hess

Grade 5 16

Grade 3 6
Fisher

Grade 4 21

Left 9
Side Right 5

Midline 10

ICA 1

MCA 14
Vessels

aCom 10

pCom 2
ICH 9
IVH 7

Pterional 8
Craniectomy

Decompressive 19

Clipping 25
Surgery

Wrapping 2
VPS 7

<24 h 16
Timing of surgery 48 8

72 3

Alive 12
Status

Death 15

MCA: Middle cerebral artery, aCom: Anterior communicating artery, ICA:
Internal carotid artery, pCom: Posterior communicating artery, ICH: Intra-
cerebral hematoma, IVH: Intraventricula hematoma, VPS: Ventriculo-peri-
toneal shunt

an external ventricular drain (EVD). Among the surgical
approaches, eight patients underwent a standard pterional
craniotomy, and 19 patients underwent an extensive
unilateral decompressive craniectomy. Aneurysm clipping
was performed in 25 cases, while 2 patients underwent
aneurysm wrapping.

Post-surgical  complications included hydrocephalus,
requiring ventriculoperitoneal shunt surgery in 7 patients,
and the development of massive brain edema in 4 patients
(Table 2).

The average duration of follow-up in this study was 14
months. Only a small number of patients, (4) exhibited
a favorable functional outcome, indicating a low rate
of recovery. Notably, the mortality rate at the six-month
mark was substantial, with 51% of patients succumbing
to their condition. Infection and massive brain edema
were identified as the leading causes of death. Univariate
regression analysis showed that older age was linked to an
increased risk of mortality, with an odds ratio of 1.027 per
year and a 94% confidence interval (Cl). Conversely, factors
such as gender, clinical status upon admission, Fisher grade,
aneurysm location, parent vessel size, cerebral edema
development, the existence of cerebral hemorrhage, and
performing ultra-early surgical intervention did not have a
significant impact on the likelihood of mortality.

Individuals with poor-grade acute SAH have an average
survival length of 4.2 months with a standard deviation of
0.5 months. The survival rates at various times during the
study were as follows: 0.783 (95% CI 0.731-0.971) at one
month, 0.696 (95% CI1 0.531-0.912) at two months, and 0.522
(95% CI 0.353-0.772) at six months of follow-up. These
figures indicate a gradual decrease in survival rates over
time, underscoring the challenging nature of this condition
and the limited long-term prognosis for patients with poor-
grade acute SAH.

Further analysis using univariate Cox regression showed
that variables like patient age, gender, clinical condition at
admission, Fisher scale score, parent vessel size, aneurysm
location, severe edema occurrence, cerebral hemorrhage
existence, and operation timing did not significantly impact
patient survival time.

DISCUSSION

Severe clinical grades of aSAH are associated with
significantly worse prognoses compared to milder clinical
grades. The debate regarding the optimal timing and extent
of surgical intervention in these patients has persisted for a
long time.
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Conservative therapy was preferred for severe aSAH before
large intracerebral hematomas occurred (8). Studies have
shown that performing rapid surgical removal of a blood
clot and clipping of an aneurysm at the same session can
lead to improved outcomes. Recent studies indicate that
intensive surgical treatment is beneficial for those with
severe cases of aSAH. Early surgery during the first three
days after the seizure may improve functional outcomes.
Some studies even suggest a technique for improving
treatment outcomes called ultra-early surgery (done within
24 hours) (7,9,10). Nevertheless, death and morbidity rates
continue to be high despite these encouraging findings.
Advanced age and surgical scheduling (ultra-early vs. early)
do not appear to have a substantial impact on the risk of
death or the duration of survival (11-13). Different surgical
approaches were employed, including standard pterional
craniotomy and decompressive
craniectomy. The choice of the specific approach depended
on the characteristics and needs of each patient (2,8).

extensive unilateral

Aneurysm clipping was the primary surgical intervention in
25 cases, with aneurysm wrapping performed in 2 patients.
These findings are consistent with the prevailing treatment
options for intracranial aneurysms, which
combination of surgical techniques tailored to the individual
patient's condition.

involve a

High intracranial pressure (ICP) often occurs in patients with
severe aSAH and can be caused by various pathogenic
mechanisms. Inserting an EVD is a routine procedure to
manage elevated ICP and drain fluid from the ventricular
system. EVD implantation is generally effective but poses
risks like rebleeding and infection. It is crucial to carefully
analyze the association between EVD insertion and the
greater likelihood of aneurysm re-bleeding (14-16).

The initial clinical grade upon admission plays a crucial
role in predicting overall outcomes in aSAH patients. While
some studies argue against the predictive value of the initial
clinical grade, others highlight its significant correlation with
final outcomes. The widely used Hunt-Hess grading scale,
based on the patient's clinical status, aids in evaluating
aSAH patients. Incorporating clinical grading into outcome
prognosis assists in treatment decision-making and realistic
expectations for recovery.

The exceedingly complex pathological process that is
aSAH is generally acknowledged. Its development is
regulated by a number of pathophysiological pathways,
and its clinical effects are highly variable, and subject to
a variety of outside influences. The prognosis is still poor
despite recent improvements, especially for patients with
severe aSAH. Poor-grade aSAH patients who go untreated
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have an almost 100% mortality rate (6,17). However, some
people can have positive functional outcomes with the right
therapy. Such favorable outcomes were seen in 22% of the
patients in our series. Lashkarivand et al. (2) reported that
21.9% of their patients were independent, which aligns
with the current study’s results. Regrettably, there is no
universally accepted method to determine whether patients
with low scores are expected to have a favorable result (18).
Our analysis indicates that a prediction model may precisely
evaluate the mortality risk for patients with aSAH by taking
into account a number of features identified in our research.
Wilby et al. (19) demonstrated that aggressive treatment for
severe aSAH is both clinically essential and cost-effective.
Considering that the management of a low-grade aSAH
patient incurs double the cost of managing a good-grade
aSAH patient, it is important to take into account the entire
ongoing medical cost (20).

Age is often considered a significant factor in the prognosis
of many diseases, including aSAH. As people age, they may
have a higher risk of complications and slower recovery due
to decreased physiological reserve and the presence of
comorbidities. However, in our study, advanced age did not
appear to have a substantial impact on the risk of death or
the duration of survival. Some studies have suggested that
women may have worse outcomes than men, possibly due
to hormonal differences or differences in vascular anatomy
(3.8,17). In our study, gender did not significantly impact
patient survival time. This could be due to the relatively
small sample size or the specific characteristics of the
patient population.

CONCLUSION

This thorough assessment of surgical results in intracranial
aneurysm patients provides insight into the intricate
nature of this ailment and the related challenges. The
study findings indicate a limited rate of positive recovery,
substantial mortality at six months, and a gradual decrease
in survival rates over time. Advanced age emerged as a
significant risk factor for increased mortality, while other
factors investigated did not exhibit substantial influences on
patient outcomes. These results contribute to the existing
literature on poor-grade SAH and emphasize the need for
further research and advancements in the management of
this challenging condition.
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Effects of Scalp Block on Postoperative Analgesia
in Craniotomy Surgery: A Prospective, Randomized
Controlled, Double-Blind Study

Kraniyotomi Cerrahisinde Scalp Blogunun Postoperatif Analjezi Uzerindeki
Etkileri: Prospektif, Randomize Kontrollt, Cift Kor Bir Calisma

Muhammed Halit Satici?, @ Mahmut Sami Tutar!, © Betiil Kozanhan?, @ Yasin Tire', © ilker Coven?,
Nuray Altay3

TUniversity of Health Sciences Tiirkiye, Konya City Hospital, Clinic of Anesthesiology and Reanimation, Konya, Tirkiye
2University of Health Sciences Tiirkiye, Konya City Hospital, Clinic of Neurosurgery, Konya, Tiirkiye

3Harran University Faculty of Medicine, Department of Anesthesiology and Reanimation, Sanliurfa, Tiirkiye

ABSTRACT

Objective: Postoperative pain following craniotomy is a significant concern, primarily resulting from surgical incisions and fixation devices.
Effective pain management involves various strategies, including systemic analgesics, patient-controlled analgesia, and regional anesthesia
techniques. Among regional anesthesia methods, the scalp block provides effective pain control by blocking the nerves innervating the scalp
with local anesthetics. This study aimed to evaluate the effectiveness of the scalp block in reducing postoperative pain in craniotomy patients,
assessed using the numerical rating scale (NRS).

Methods: Patients were divided into two groups: Group S, receiving the SCALP block, and group C, serving as the control group. Pain scores
were recorded at 0, 2, 4, 6, 8, 12, and 24 hours postoperatively. Secondary outcomes included total amount of tramadol administered for rescue
analgesia, time to first analgesia, postoperative nausea and vomiting (PONV) incidence, and patient satisfaction.

Results: Group S demonstrated significantly lower NRS scores than Group C at all measured time points (p<0.001). The median time to first
rescue analgesia was 12 (8-12) hours in group S, while it was 0 (0-1) hours in group C (p<0.001). Tramadol consumption was significantly reduced
in group S [75 (60-123) mg] compared to Group C [280 (220-280) mg; p<0.001].

Conclusion: The scalp block effectively manages postoperative pain, reduces analgesic requirements, and improves patient comfort. It also
minimizes complications such as PONV, making it a valuable option for postoperative care following craniotomy.

Keywords: Craniotomy, numerical rating scale scores, rescue analgesia, scalp block

oz

Amag: Kraniyotomi sonrasi postoperatif agri, dncelikli olarak cerrahi kesiler ve fiksasyon cihazlarindan kaynaklanan énemli bir endisedir. Etkili agri
yonetimi, sistemik analjezikler, hasta kontrolli analjezi ve bolgesel anestezi teknikleri dahil olmak Uzere cesitli stratejileri icerir. Bolgesel anestezi
yontemleri arasinda scalp blogu, kafa derisini innerve eden sinirleri lokal anesteziklerle bloke ederek etkili agr kontrolu saglar. Bu calismanin

amaci, kraniyotomi hastalarinda postoperatif agriyi azaltmada scalp blogunun etkinligini, sayisal derecelendirme &lcedi (NRS) kullanilarak
degerlendirmektir.

Gereg ve Yontem: Hastalar iki gruba ayrildi: Scalp blogu alan grup S ve kontrol grubu olarak gérev yapan grup C. Agri skorlari postoperatif 0, 2,
4,6, 8,12 ve 24. saatlerde kaydedildi. Ikincil sonuglar kurtarma analjezik kullanimi olarak uygulanan toplam tramadol miktari, ilk analjeziye kadar
gecen sire, ameliyat sonrasi bulanti ve kusma (PONV) insidansi ve hasta memnuniyeti yer almaktadir.

Bulgular: Grup S, élciilen tiim zaman noktalarinda grup C'den énemli élciide daha diisiik NRS skorlari gésterdi (p<0,001). ilk kurtarma analjezisine
kadar gegen medyan sire grup S'de 12 (8-12) saat iken, grup C'de 0 (0-1) saatti (p<0,001). Tramadol tiketimi grup S'de [75 (60-123) mg] grup C'ye
[280 (220-280) mg; p<0,001] kiyasla dnemli dl¢lide azald.

Sonug: Scalp blogu ameliyat sonrasi agriy etkili bir sekilde yonetir, analjezik gereksinimlerini azaltir ve hasta konforunu artirir. Ayrica PONV gibi
komplikasyonlari da en aza indirir ve bu da onu kraniyotomi sonrasi ameliyat sonrasi bakim icin degerli bir secenek haline getirir.

Anahtar Kelimeler: Kraniyotomi, sayisal derecelendirme skalasi, kurtarma analjezisi, scalp blok
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INTRODUCTION

Craniotomy procedures are frequently associated with
considerable postoperative pain that may result in
hemodynamic disturbances, impaired sleep quality, and
prolonged hospital stays (1,2). Pain-induced physiological
responses include elevated blood pressure, intracranial
pressure, heart rate, and increased morbidity and mortality
risks (3,4). While opioids are commonly employed for
managing such pain, their use is associated with various
adverse effects, such as delayed recovery, sedation, nausea,
vomiting, and difficulties in conducting accurate neurological
assessments (5). The scalp block, a regional analgesia
technique, has gained prominence for its effectiveness in
reducing postoperative pain and maintaining hemodynamic
stability during neurosurgical interventions (6,7). This
method has been recognized as a critical component of
multimodal analgesia strategies aimed at controlling pain
and mitigating physiological stress responses triggered by
surgical trauma (1,3,8-10). Given these challenges and the
potential advantages of the scalp block, further investigation
is needed into its efficacy in optimizing postoperative pain
management and reducing associated complications in
craniotomy patients.

This study hypothesizes that implementing the scalp block
can significantly lower numerical rating scale (NRS) scores
and decrease postoperative analgesic consumption. The
primary focus is to evaluate its influence on NRS scores,
with secondary objectives including the time to first rescue
analgesic administration, total rescue analgesia required,
patient satisfaction levels, and the incidence of nausea and
vomiting.

METHODS

Ethics Approval and Registration

Ethical approval for the study was obtained from the
Clinical Research Ethics Committee of the Harran University
(decision no: HRU/24.13.01, date: 09.09.2024). It was
registered on ClinicalTrials.gov (Identifier: NCT06588751)
and conducted in accordance with the 2013 revision of the
Declaration of Helsinki and the Consolidated Standards
of Reporting Trials guidelines (11). Prior to randomization,
all participants provided both written and verbal informed
consent. Participants were subsequently allocated randomly
into one of two groups: Group S, which received the scalp
block, or group C, which was managed with multimodal
analgesia.

Patient Population and Inclusion/Exclusion Criteria

The study population consisted of patients aged 18
to 65 years who underwent craniotomy under general

anesthesia, and were categorized with an American
Society of Anesthesiologists (ASA) physical status
classification of [-lll. Criteria for exclusion included
individuals with contraindications to regional anesthesia,
altered consciousness levels, coagulation abnormalities,
anti-coagulant therapy, known hypersensitivity to local
anesthetics, active infections at the injection site, chronic
pain syndromes, or pregnancy.

Randomization

This study was a prospective, randomized, controlled,
double-blind, multicenter trial. Patients were allocated
to two primary groups using a randomization process
managed by an anesthesiologist at each clinic, who utilized
these opaque, sealed envelopes to ensure allocation
concealment. Group S consisted of patients who received
the scalp block, while Group Cincluded those managed with
multimodal analgesia alone. To uphold blinding and reduce
bias, the anesthesiologists managing the randomization
process were excluded from involvement in other parts of
the study, and the clinicians performing the scalp block
were similarly not involved in data collection or analysis.
Additionally, the participants, the interventionist, and the
data analyst remained blinded to group assignments. Two
anesthesia specialists independently recorded primary and
secondary postoperative outcomes.

Standard Anesthesia, and Multimodal Analgesia Protocol

Pulse oximetry, electrocardiography, non-invasive blood
pressure, and end-tidal carbon dioxide measurements, were
used for monitoring all patients, and standard anesthesia
protocols were followed. A 20-gauge intravenous (IV)
cannulawas inserted, andisotonic fluid therapy was initiated.
General anesthesia was initiated using IV midazolam (1 mg),
propofol (2 mg/kg), fentanyl (1.5 mcg/kg), and rocuronium
(0.6 mg/kg). Maintenance of anesthesia was achieved
with remifentanil (0.05-0.1 mcg/kg/min) and propofol (4-
12 mg/kg/h), adjusted to maintain hemodynamic stability.
All patients underwent the same surgical procedure. All
patients were extubated upon completion of the surgical
procedure.

Postoperatively, IV morphine (3 mg) was administered,
along with 1 g of paracetamol and 8 mg of dexamethasone,
prior to the patient’s transfer to the intensive care unit (ICU).
In the ICU, paracetamol (1 g IV every 8 hours) and tenoxicam
(20 mg IV every 12 hours) were given, with tramadol (1 mg/
kg IV), provided for NRS scores >4. Ondansetron (4 mg V)
was used as needed for nausea and vomiting.

Scalp Block Procedure

After the surgical procedure, patients in group S were
placed in a partially seated position. The skin was cleansed
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using 5% povidone-iodine for antisepsis and covered with a
sterile drape. Each target nerve, including the supraorbital,
zygomaticotemporal, auriculotemporal,
greater auricular, greater occipital, and lesser occipital
nerves, was injected with 2 mL of 0.25% bupivacaine.
These nerves provide sensory innervation to the forehead
and scalp. The circumferential scalp block was performed

bilaterally with a cumulative dose of 28 mL of 0.25%

supratrochlear,

bupivacaine.

The supratrochlear and supraorbital
anesthetized near the brow, specifically at the superior
medial orbital margin and over the palpable supraorbital

nerves were

notch. The zygomaticotemporal nerve was targeted at the
posterior edge of the zygomatic arch. The auriculotemporal
and greater auricular nerves were blocked at the tragus,
adjacent to the pulsating superficial temporal artery, and at
the mastoid process. Lastly, the greater and lesser occipital
nerves were anesthetized at the medial and lateral portions
of the superior nuchal line.

Outcome Measures

The primary outcome was the evaluation of postoperative
pain levels, assessed using the NRS, where 0 represents no
pain and 10 indicates the worst imaginable pain. Pain scores
were documented at 0, 2, 4, 6, 8, 12, and 24 hours post-
surgery.

Secondary outcomes included the total amount of tramadol
administered as rescue analgesia, the time elapsed before
the first dose of rescue analgesics, the requirement for
antiemetic medication, the incidence of postoperative
nausea and vomiting (PONV), and patient satisfaction levels.

Demographic and clinical characteristics, including age, sex,
weight, height, duration of surgery, and ASA classification,
were recorded for both groups. Patient satisfaction was
evaluated using a 5-point Likert scale, with 1 signifying
“completely dissatisfied” and 5 indicating “completely
satisfied”.

Statistical Analysis

The main objective of this study was to evaluate and
compare the NRS scores of the two groups 4 hours after
surgery. Based on previous research, a reduction of 2 points
in NRS scores between groups was deemed clinically
significant for determining the required sample size
(12). Preliminary data from a study involving 10 patients
undergoing craniotomy who received multimodal analgesia
as part of the control group indicated a mean NRS score
of 5.5+1.7 at 4 hours postoperatively. Using these findings,
an Independent Samples t-test model was applied with a
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Cohen’s D effect size of 1.176. This analysis determined that
a minimum of 17 patients per group would be required to
achieve 95% statistical power, with an alpha error threshold
of 5%. To account for potential dropouts, the final sample
size was increased to 20 patients per group, resulting in 40
participants.

The data in this study were analyzed using IBM SPSS
Statistics software, version 26.0. The Shapiro-Wilk test was
applied to evaluate the normality of the data distribution.
Continuous  variables mean +
standard deviation or as median with interquartile ranges
(25%-75"  percentiles) distribution.
Categorical variables were summarized as frequencies
and percentages. For the analysis of continuous variables,
the Independent Samples Student’s t-test was employed
when parametric assumptions were satisfied. When these
assumptions were not satisfied, the Mann-Whitney U test
was applied. Categorical data were analyzed using Fisher's
exact test or the chi-square test. Analysis of Variance was
applied to repeat measurements across different time
points. Statistical significance was defined as p<0.05 for all
analyses.

were expressed as

based on their

RESULTS

At the outset of the study, 45 patients were screened for
eligibility. Five patients opted not to participate and were
subsequently excluded. The remaining 40 participants were
randomized and managed according to the established
study protocol, with equal allocation to the two groups
(group C: n=20; group S: n=20) (Figure 1).

The baseline characteristics, such as patient demographics
and the duration of surgery, showed no significant
differences between the two groups (Table 1).

Primary Outcome

Throughout the first 24 hours after surgery, group C
exhibited higher NRS scores than group S at all time points.
This difference was statistically significant at the 0, 2, 4, 6, 8,
12, and 24 hours (p<0.001) (Figure 2).

Rescue Analgesia Requirement

All patients in group C required rescue analgesia, while four
patients in group S did not need it (p<0.001). Group C had
significantly higher total tramadol consumption within 24
hours [280 (220-280) mg vs. 75 (60-123) mg, p<0.001] and a
shorter time to the first use of rescue analgesics [0 (0-1) hours
vs. 12 (8-12) hours, p<0.001]. Significant differences in rescue
analgesia were also observed across the time intervals “0-6",
"12-24", and "0-24" (p<0.001 for all, Table 2).
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Adverse Events, Analgesic Characteristics, and the Likert

Scale

Throughout the first 24 hours after surgery, PONV occurred
in 17 patients (85%) in group C and 4 patients (20%) in
group S, with this difference reaching statistical significance

notably lower in group S compared to group C (4 patients

vs. 17 patients, p<0.001). Additionally, patient satisfaction
scores, measured using the Likert scale, were significantly
higher in group S, with a median score of 5 (4-5) compared
to 2 (2-2) in group C (p<0.001) (Table 3).

(p<0.001). The need for anti-emetic treatment was also

[ Enroliment ]

Assessed for eligibility (n= 45)

Excluded (n= 5)
«+ Not meeting inclusion criteria (n= 0)

>+ Declined to participate (n=5)

Randomized (n= 40)

!

Y

Allocation

A4

Allocated to intervention (n= 20)

+ Received SCALP block with the local
anesthetic (n= 20)

« Did not receive allocated intervention (n= 0)

y

Follow-Up

Allocated to intervention (n= 20)

+ Received only multimodal analgesia protocol
(n=20)

«+ Did not receive allocated intervention (n= 0)

A

+ Lost to follow-up (n= 0)
« Discontinued intervention (n= 0)

Analysis

+ Lost to follow-up (n= 0)
+ Discontinued intervention (n= 0)

Analysed (n= 20)
+ Excluded from analysis (n= 0)

Analysed (n= 20)
«+ Excluded from analysis (n= 0)

Figure 1. Consolidated standards of reporting trials flow study diagram describing patients’ progress through the study

Table 1. Baseline characteristics by groups

NRS scores

== Group C
s Group S

Factors a:’;g) ¢ g':;g) S p-value
Age (yr) 51+16 48+17 0.656
Female 9 (45%) 10 (50%) 1
Smoking 4 (20%) 8 (40%) 0.300
Coronary artery disease 2 (10%) 3(15%) 1
Hypertension 6 (30%) 9 (45%) 0.513
Lung disase 3 (15%) 2 (10%) 1
Height (cm) 168.7+7.2  168.5+8.6 0.921
Weight (kg) 69+6.5 71+12.5 0.540
Surgery time (min) 170+48.1 159.8£30.9  0.428

Data presented as mean =+ standard deviation, median (Q1-Q3), or n (%)
yr: year, cm: Centimeter, kg: Kilogram, min: Minutes

Oth 2nd 4th 6th 8th 12th

Time (Postoperative hours)

Figure 2. Postoperative numerical rating scores

NRS: Numerical rating scale

24th
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Table 2. Postoperative rescue analgesic characteristics among
groups

Group C Group S
Factors (n=20) (n=20) p-value
First rescue analgesic
time (h) 0(0-1) 12 (8-12) <0.001
(Trfgr;‘ado' consumption 280 (220-280) 75 (60-123)  <0.001
Rescue analgesic usage, time frame (h)
0-6 20 (100%) 2 (10%) <0.001
6-12 20 (100%) 16 (80%) 0.122
12-24 15 (75%) 4 (20%) <0.001
0-24 20 (100%) 16 (80%) <0.001

Data are presented as median (Q1-Q3), n (%)
h: Hour, mg: Milligram

Table 3. Comparison of incidence of adverse effects, anti-emetic
drug usage, and the likert scale

GroupC  Group S

Factors (n=20) (n=20) p-value
PONV 17 (85%) 4 (20%) <0.001
The need for antiemetic drug 17 (85%) 4 (20%) <0.001
Likert scale 2(2-2) 5 (4-5) <0.001

Data presented as median (Q1-Q3) or n (%)
PONV: Postoperative nausea and vomiting

DISCUSSION

In this study, patients who underwent a scalp block
demonstrated significantly lower postoperative pain scores,
reduced rescue analgesic requirements, a decreased
incidence of PONV, and a diminished need for antiemetic
medications. Additionally, the time to the first analgesic
administration was significantly extended, and patient
satisfaction levels were higher in this group.

Approximately 80% of patients undergoing craniotomy
are believed to endure moderate to severe pain following
the procedure (13). Unmanaged acute postoperative pain
can trigger physiological responses such as increased
heart rate, which may exacerbate myocardial ischemia
and hypoxia, thereby elevating the risk of cardiovascular
complications (14). Moreover, poorly managed pain during
the early postoperative phase increases the likelihood
of chronic pain development. Despite advancements
in anesthesia and pain postoperative
analgesia in craniotomy patients remains suboptimal. This
is partly attributed to the side effects of frequently used

management,

analgesics, such as opioids, which may cause excessive
sedation, respiratory depression, and prolonged recovery
times. These limitations highlight the challenges of
achieving effective pain control in neurosurgical patients
(1). Additionally, postoperative pain management in this
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patient group is particularly challenging due to various
neurosurgical complications; such as intracranial bleeding,
increased intracranial pressure, cerebral ischemia, seizures,
hypertension, air embolisms, cranial nerve injuries, and
brain tissue swelling (15).

Earlier research has shown that regional scalp nerve
blocks are effective in alleviating postoperative pain and
decreasing opioid use in patients undergoing craniotomy.
Notably, the preoperative administration of regional scalp
nerve blocks has been shown to lower pain scores for up
to 16 hours postoperatively (16). These blocks function
by inhibiting sodium channels in nerve cell membranes,
thereby reducing nerve excitability and conductivity. This
mechanism not only mitigates stress responses triggered by
surgical trauma but also decreases the need for anesthetic
agents. By reducing pain and improving surgical outcomes,
scalp nerve blocks enhance rehabilitation and decrease the
likelihood of adverse effects (17).

In this study, patients administered a scalp block consistently
reported lower pain scores during the first 24 hours after
surgery. Additionally, these patients consumed less rescue
analgesia and experienced a prolonged time to the first
analgesic requirement, often ranging from 8 to 12 hours.
These findings suggest that the scalp block is effective for
early and late postoperative pain management.

Studies evaluating scalp block recipients have reported
significant agent dosages,
decreased adverse reactions and complications, and

reductions in anesthetic
consistently lower pain scores during various postoperative
stages (17-19). Furthermore, the reduction in opioid
consumption observed in this study not only decreases the
risk of dependence but also minimizes opioid-related side
effects, such as nausea, sedation, and respiratory depression.
The absence of these adverse effects underscores the safety
and clinical benefits of the scalp block. Consistent with
prior research, patients in this study who received a scalp
block exhibited lower maximum NRS scores and required
fewer anti-emetics during the first 12 hours postoperatively.
However, the total rescue analgesic dosage administered
within 24 hours did not differ significantly in certain studies
(20).

In the present study, tramadol consumption was significantly
lower in the scalp block group compared to the control
group. Moreover, nausea or vomiting was reported in only
four patients in this group, a finding likely attributable to
the reduced opioid usage. The low incidence of PONV
further contributed to higher satisfaction scores. Combining
a scalp block with systemic analgesics like paracetamol,
nonsteroidal anti-inflammatory drugs, and adjunctive



Satici et al. Scalp Block in Craniotomy Surgery

therapies like dexmedetomidine infusion; along with
opioids reserved for rescue analgesia, appears to optimize
pain control while minimizing side effects in craniotomy
patients (21).

One study noted that patients receiving a scalp block
without incorporating a multimodal analgesia protocol
did not achieve expected outcomes such as reduced pain
scores, lower rescue analgesia use, or decreased PONV
incidence (22). In this study, the combination of a scalp block
with paracetamol and nonsteroidal anti-inflammatory drugs,
while reserving tramadol for rescue analgesia, proved to
be a practical multimodal approach for postoperative pain
control.

Study Limitations

The study only investigated the effects of the scalp block
within the initial 24-hour postoperative period. Previous
research indicates that postoperative pain is most severe
within the first 24 hours following surgery, and effective
pain management during this critical window significantly
impacts patient recovery, satisfaction, and overall clinical
outcomes (1,23). For this reason, our analysis focused
exclusively on the first 24 hours. Moreover, the inclusion
of various indications for craniotomy, such as cranial
masses and intracranial hematomas, may have introduced
heterogeneity in the patient population. Future research
should explore the influence of the scalp block on long-
term recovery outcomes and its impact on patients’ overall
quality of recovery.

CONCLUSION

The scalp nerve block has demonstrated significant
effectiveness in enhancing patient comfort and improving
pain managementin the postoperative period. Moreover, its
ability to reduce undesirable side effects (e.g., nausea and
vomiting), lowers the need for analgesic consumption, and
enhance patient satisfaction underscores its clinical efficacy
and positive contribution to patient-centered care. Based
on these findings, the scalp nerve block is recommended as
a preferred analgesic approach, particularly for procedures
associated with significant postoperative pain, such as
craniotomy.
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ABSTRACT

Objective: A variety of anatomical variations in the intrahepatic and extrahepatic bile ducts (BD) may cause different problems during surgical
intervention. Therefore, the objective of this study was to investigate the prevalence and types of anatomical variations in BD in normal patients.

Methods: The present study evaluated magnetic resonance cholangiopancreatography (MRCP) images of 303 patients (146 men, 157 women).
The objective of this study was to evaluate variations in the intrahepatic and extrahepatic BD and anatomical variations in the gallbladder. The
biliary confluence angle, diameter of the common BD prior to its union with the pancreatic duct, diameter of the duct formed by their junction,
and length of the short cystic duct (CD) were also evaluated.

Results: In this study, anomaly of the right posterior duct opening to the left hepatic duct (HD) was found in 12 cases (4%), trifurcation variation
in 26 cases (8.6%), and abnormal variation of the aberrant right HD opening to the common HD in 15 cases (5%). Corresponding to the CD, a
long CD variation was found in 20 cases (6.6%) and a short cystic channel variation in 7 cases (2.3%). In addition, a negative correlation was found
between age and angle of confluence. A significant correlation was found between long CD variation and stone formation.

Conclusion: Anatomic investigation of the BD using the non-invasive MRCP technique and the definition of variations are of great importance in
terms of assisting surgical planning, minimizing the likelihood of complications during operations, and facilitating transplantation surgery.

Keywords: Bile ducts, cholangiopancreatography, variation

oz

Amag: intrahepatik ve ekstrahepatik safra kanallarinda (BD) gériilebilen gesitli anatomik varyasyonlar, cerrahi girisimlerde degisik problemlere yol
acabilmektedir. Bu nedenle calismamizda normal olgularda BD'nin anatomik varyasyonlarinin gérilme sikligini ve tiplerini arastirmayr amacladik.

Gere¢ ve Yontem: Calismada manyetik rezonans kolanjiyopankreatografi (MRCP) cekilen 303 olgunun (146 erkek, 157 kadin) gorintileri
degerlendirmistir. Bu olgularda intrahepatik ve ekstrahepatik BD'nin varyasyonlari ile safra kesesinin anatomik varyasyonlari belirlenmistir. Ayrica
biliyer konfluens agisi, ductus choledochus'un ductus pancreaticus ile birlesmeden énceki capi ve birlesimi ile olusan kanalin ¢api ve kisa sistik
kanal uzunlugu él¢llmustar.

Bulgular: Calismada 12 olguda (%4) ductus hepaticus sinister’e agilan ductus segmentalis posterior dexter anomalisi, 26 olguda (%8,6) trifurkasyon
varyasyonu, 15 olguda (%5) ductus hepaticus communis’e acilan aberran sag hepatik kanal varyasyonu belirlendi. Yirmi olguda (%6,6) uzun sistik
kanal varyasyonu, 7 olguda (%2,3) kisa sistik kanal varyasyonu tespit edildi. Ayrica yas ile konfluens acisi arasinda negatif yénde bir iligki, uzun sistik
kanal varyasyonu ile tas olusumu arasinda anlamli iliski oldugu bulunmustur.

Sonug: Ginumuzde kullanilan MRCP teknigi ile non-invaziv olarak BD'nin anatomik degerlendirmesi ve varyasyonlarinin belirlenmesi; cerrahi
planlamaya yardimci olmasi, operasyonlar sirasinda olugabilecek komplikasyonlarin en aza indirilmesi ve transplantasyon cerrahisinde yardimci
olmasi yoninden 6nemlidir.
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INTRODUCTION

Bile is produced in the liver and transported to the
duodenum via the bile ducts (BD). The ducts are divided
into two categories: Intrahepatic and extrahepatic BD. The
BD up to the porta hepatis is designated as intrahepatic
BD, whereas the BD after the porta hepatis is classified
as extrahepatic BD (1). The anatomy of the intrahepatic
BD was consistent with the segmental anatomy of the
liver, as defined by the Couniaud classification. The two
channels are formed by the union of the segmental ducts.
Of these channels, the right hepatic duct (HD) drains the
right lobe of the liver and the right half of the caudate
lobe, while the left HD drains the left lobe of the liver,
the quadrate lobe, and the left half of the caudate lobe.
The fusion of these two channels forms the common HD.
In addition, the angle formed at the junction of these two
channels is referred to as the biliary confluency angle (2).
The common BD is formed by the opening of the cystic
duct (CD) into the common HD, occurring approximately
in the middle portion of the porta hepatis and the ampulla
of Vater. The common BD joins with the pancreatic duct
(PD) and opens into the second duodenum section. The
incidence of normal anatomy of the biliary system is 58%
(3). The gallbladder and BD are formations that exhibit
considerable variations and anomalies and have close
connections in their vicinity. These situations may present
challenges for surgeons. The variation in the branching of
BD ranges from 24% to 37%. BD variations can be grouped
according to their location, including those found at the
hepatic bifurcation, CD, and pancreatobiliary junction,
as well as other less common variations (4-6). Therefore,
surgeons who will be working in the region should be well-
versed in the anatomy and variations of this region and
exercise caution in the presence of potential discrepancies
(7). Magnetic resonance cholangiopancreatography (MRCP)
is a magnetic resonance imaging (MRI) technique using the
T2 sequence to permit the non-invasive evaluation of the
anatomy and pathologies of the pancreaticobiliary system.
This method enables rapid, accurate, and non-complication
evaluation of the BD without the use of contrast material (8).
Anatomical variations in intra-or extrahepatic BD can cause
various problems during surgical procedures. It is important
to know the formation patterns and anatomical variations
of BD to minimize complications that may occur during
surgery and to prevent possible errors that may occur
during radiological evaluation. In this study, we aimed to
investigate the frequency and types of anatomical variations
in BD in normal patients.

84

Med J Bakirkoy 2025;21:83-89

METHODS

The study included images from 615 patients who underwent
MRCP at the Department of Radiology between 2014 and
2016. Ethical approval for the study was obtained from the
Local Ethics Committee of the Selcuk University Faculty
of Medicine (approval no: 2015/312, date: 08.12.2015).
MRCP examinations were performed using standard body
perception with a 1.5 Tesla power MRI unit (Magnetom
Aera, Siemens, Erlangen, Germany). These examinations
were performed with patients fasting for at least 5-6 hours
to ensure gallbladder filling and gastrointestinal emptying.
T2-weighted images were acquired as a sequence using
the 2-dimensional single-shot fast spin echo technique.
Evaluation was performed using maximum intensity
projection images in the coronal and axial planes. Of the
615 retrospectively reviewed images, 312 patients were
excluded from the study if they had undergone surgery
to the liver, pancreas, gallbladder, or duodenum, if the
anatomic reference points could not be followed due to
tumor, or if optimal imaging was not possible. The MRCP
images of the remaining 303 patients were analyzed. In
these examinations, age, sex, presence or absence of
stones in the biliary system, presence of variation at various
levels, dilatation, and diameter of the common BD were
examined. The following criteria were used to evaluate
the identified variations: Variations defined at the level of
bifurcation: An anomalous aberrant right HD variation in
which the right posterior duct opens directly to common HD
or CD; trifurcation variation formed by the right posterior
duct at the junction level of the right anterior duct and left
HD and the right posterior duct. This is an anomaly of the
right posterior duct draining into the left HD.

The opening of the CD into the extrahepatic BD from
the left side was defined as medial insertion, the opening
of the extrahepatic BD from the distal 1/3 was defined as
long CD or distal insertion, and the length of the CD 5
mm was defined as short CD variation. The length of the
CD was measured, and short CD variations were found
and recorded. The upper localization variation of the
gallbladder was defined as when the conditions of at
least 1/2 of the gallbladder above the level of the portal
hilus, the fundus directed upward, and the CD directed
cranially along its course were met. The localization of the
transfer was defined by the long axis of the gallbladder
perpendicular to the long axis of the common BD and the
fundus being in the same plane as the infundibulum in the
axial sections. In addition, the appearance of the fundus on
the left side of the common BD was also reported as a left
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localization variation of the fundus. The separate opening
of common BD and PD into the duodenum is a reported
variation. When the minor duodenal papilla, proximal to the
PD, opened into the duodenum, it was termed pancreatic
divisum. The angle formed at the junction of the right and
left HDs is defined as the biliary confluence angle. In our
study, cases with trifurcation variations were not included in
the measurement of confluence angle. Additionally, in cases
with aberrant right hepatic variation and drainage anomaly
of the right posterior duct to the left HD, the angle formed
by the right anterior duct and the left HD was measured and
evaluated as the confluence angle. Angle measurements
were performed on the MRCP image taken in the coronal
view and by measuring the angle at its widest level. The
diameter of the common BD before its union with the PD
and the diameter of the duct formed by its union were
measured. Forty-five cases with dilatation of the common
BD due to various reasons and 42 cases in which the MRCP
image was not optimized in this region were not included
in the diameter measurement. In 7 cases with variations
in which the common BD and PD entered the duodenum
separately, the diameter of the common BD immediately
before entering the duodenum was measured.

Statistical Analysis

Comparisons between two groups were performed using
the Mann-Whitney U test when parametric assumptions
were not met, and the Student’s t-test (Independent
Samples t-test) when they were met. Data were summarized
as mean, standard deviation, and percentage, and the chi-
square test was used to compare categorical variables. A
p-value of <0.05 was considered significant. The data were
analyzed using IBM SPSS Statistics 21 software.

RESULTS

Of the 303 cases reviewed in our study, 146 (48.2%) were
male and 157 (51.8%) were female. The age of the patients
ranged from 18 to 92 years (mean 54.49+18.83). The mean
age of the male and female patients was 56.12 and 52.97
years, respectively. In 204 of the 303 reviewed cases (67.3%),
stones were found at different levels of the gallbladder and

BD, and stones were more common in women (35%) than in
men (32.3%).

One or more variations were found at different levels of the
biliary system in 93 (30.7%) of the 303 cases included in this
study. More than one variation was found in 12 (12.9%) cases
in which variations were detected. It was determined that
4% of the total 303 cases had multiple variations. In 4 of the
12 cases in which more than one variation was found, long
CD and medial insertion variation (mediodistal insertion)
were found together.

The most common variation was trifurcation (8.6%). An
anomalous right posterior duct draining into the left HD was
observed in 12 patients (4%), and aberrant right HD variation
was observed in 15 patients (5%) (Figure 1, Table 1).

When CD was evaluated according to its opening into the
common HD, the longest CD (6.6%) was the most common.
In 5 of these cases (17.8%), both variations occurred together,
and the percentage of mesiodistal insertion variation in
the total number of cases was 1.7% (Figure 2, Table 1).
The mean CD length in cases with short CD variation was
measured as 3.63+0.8 mm. When evaluating the location
of the gallbladder, we found that it was the most common
site of transfer. At the pancreaticobiliary level, in 7 cases
(2.3%), the PD and common BD opened into the first part
of the small intestine through separate channels. Among
these variations, the ratio of pancreas divisum, which was
detected in 2 cases (28.5%) patients, to the total number of
patients was 0.7% (Figure 3, Table 1). In our study, the biliary
confluence angle was measured in 277 cases, excluding 26
cases with trifurcation variations, and the mean value was
77.32°+£23.39°. In 216 patients, the diameter of the common
BD before it opens into the duodenum and joins the PD
(diameter 1) and the diameter of the duct formed after
the junction (diameter 2) were measured. In 7 cases where
common BD and PD entered the duodenum separately, the
diameter of the common BD immediately before entering

the duodenum (diameter 3) was calculated (Table 2).

Figure 1. A) Normal bile ducts, B) Anomaly of the right posterior
duct draining into left hepatic duct, C) Aberrant right hepatic duct
variation, D) Trifurcation variation (a: Right hepatic duct, b: Left
hepatic duct, c: Right posterior duct, d: Right anterior duct)
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Table 1. Number and percentage of identified variations

Variations Number of variations Percentage (%)
Anomaly of the right posterior duct opening to the left hepatic duct 12 4
Aberrant right hepatic duct 15 5
Trifurcation 26 8.6
Long cystic duct 20 6.6
Medial insertion 8 2.6
Mediodistal insertion 5 1.7
Short cystic duct 7 2.3
Transferred location of gallbladder 7 2.3
Variation in the gallbladder fundus located on the left side 1 0.3
Superior localization of the gallbladder 4 1.3
The common bile duct and pancreatic duct were opened separately into the duode- 7 23
num
Pancreas divisum 2 0.7
Multiple variation 12 4
Total 93 30.7
Table 2. Mean, minimum, and maximum values

N Min. Max. Mean = SD
Age 303 18 92 54.49+18.83
Confluence angle 277 21.4° 152.7° 77.33°+23.39°
Diameter 1 (mm) 216 1.56 8.64 3.80+1.33
Diameter 2 (mm) 216 2.81 13.05 5.75+1.47
Diameter 3 (mm) 7 2.7 4.55 3.64+0.74
Short cystic duct (mm) 7 2.34 4.94 3.64+0.82

Min.: Minimum, Max.: Maximum, SD: Standard deviation, mm: Millimeter

Figure 2. A) Long cystic duct variation, B) Medial insertion variation, Figure 3. A) Transferred localization of the gallbladder, B) Variation in
C) Mediodistal insertion variation, D) Short cystic duct variation the gallbladder fundus located on the left, C) Superior localization of
(a: Common hepatic duct, b: Cystic duct, ¢z Common bile duct) the gallbladder, D) Pancreatic divisum variation (a: Common hepatic

duct, b: Common bile duct, ¢: Pancreatic duct)
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Table 3. Studies in the literature

Method N Number of Variations Percentage variation (%)
Cabada Giadas et al. (15) CT Cholangiography 101 23 22.7
Diistinceli et al. (5) MRCP 475 115 24.2
Lee et al. (16) MRCP 170 130 76.4
De Filippo et al. (17) MRCP 350 148 42.3
Deka et al. (18) MRCP 299 126 42.2
Renzulli et al. (19) MRCP 1004 369 36.7
The present study MRCP 303 93 30.7

CT: Computed tomography, MRCP: Magnetic resonance cholangiopancreatography

In 7 cases with variations in which the common BD and
PD entered the duodenum separately, the mean diameter
of the common BD just before entering the duodenum
(diameter 3) was 3.63 mm.

Correlations between the detected variations, presence of
stones, age, sex, confluence angle, diameter 1, diameter 2,
diameter 3, and short CD length were studied separately.
A statistically significant negative correlation was found
between confluence angle and age (p<0.05). In other
words, as age increases, the confluence angle decreases.
Considering the previously defined correlation between
diameter 1 and diameter 2 and age, a significant positive
correlation was found (p<0.05). A significant correlation
was found between long CD variation and stone formation
and between long CD variation and diameters 1 and 2.
In other words, people with long CD variations are more
likely to have stones in their BD. The incidence of both right
posterior anomaly opening into the left HD and mesiodistal
insertion variation was higher in men than in women.

DISCUSSION

Anatomical variations of the gallbladder and BD are major
risk factors for surgery in this region. In addition, these
variations, other than just the risk of damage, may be
risk factors for many biliary tract and pancreatic diseases,
such as common BD stones, recurrent pancreatitis, and
cholangitis (9,10). Damage to the varicose BD during
surgical intervention may result in postoperative bile
leakage or infection, and atrophic or hypertrophic changes
may be observed as a result of obstruction due to improper
connection of this variegated duct (11,12). Ignoring the
variable structures within Calot’s triangle, which are at the
highest risk of damage during cholecystectomy, especially
the aberrant right HD variation, by the surgeon may result
in ligation or dissection of the wrong duct (3,13). Various
imaging studies have been conducted showing anatomical
variations of the BD, and the incidence rate is 24%-37%
(4,5). Among the methods used to visualize BD, US and

conventional single-slice computed tomography are of
limited use and inadequate for the study of non-dilated
BD. Another method, intravenous cholangiography, cannot
provide detailed anatomical imaging. Among the contrast
methods, percutaneous transhepatic cholangiography
and Endoscopic Retrograde Cholangiopancreatography
(ERCP) are considered the gold standards. However,
they are invasive, operator dependent, expensive, and
associated with significant complications (4,13,14). In
the study conducted by Cabada Giadas et al. (15) using
three-dimensional helical CT, another imaging modality,
anatomical variation at different levels of the biliary
system was found in 22.7% of 101 cases. With this method,
anatomical structures in the BD can be evaluated with high
success rates, but the disadvantages of this method are
the high side effects of the contrast agent and the use of
ionizing radiation (15-19) (Table 3).

MRCP is preferred over other methods because it has a 90%
accuracy rate compared with ERCP, is non-invasive, does
not use contrast media, is independent of the practitioner,
is inexpensive, does not involve ionizing radiation, and does
not carry the risk of complications (8,20). Vitellas et al. (21)
reported that MRCP had an accuracy of 98% for aberrant
HD and 95% for CD variations. Taourel et al. (4) found that
MRCP and ERCP were highly sensitive and specific for BD
variations. We included patients who underwent MRCP
because it is non-invasive and does not expose patients to
ionizing radiation.

Many studies in the literature have examined the anatomical
variations of the BD. The rates of variation in these studies
vary. In their study using MRCP images from 350 patients,
De Filippo et al. (17) found that the BD variation rate
was 42.3%. In our study, the rate was 30.7%. In the meta-
analysis study conducted by Cucchetti et al. (22), the
anatomical variations of intrahepatic BD in the literature of
cases undergoing liver transplantation in Europe between
1980 and 2010 were reviewed. According to this study, a
normal anatomical biliary system was found in 64.5% (22).
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In our study, a similar result was obtained, as a normal biliary
system was found in 69.3%.

In the study that reviewed 6 different studies conducted
by Deka et al. (18), it was found that 57.8% of the 299
cases whose MRCP images were examined had a normal
anatomical BD. Additionally, this study concluded that
there was no association between gender and variations.
We found a significant relationship between sex and
right posterior duct anomaly opening to the left HD and
mesiodistal insertion variation.

Mariolis-Sapsakos et al. (23) conducted a study examining
only the anatomical variations of the right HD on 73
cadavers, and it was reported that the right HD had normal
anatomy in 65.75% of the cases. In our study, normal right
HD anatomy was observed in 82.5% of the patients. We
believe that this difference between studies is due to ethnic
origin.

Uysal et al. (24) examined only intrahepatic ductal variation
using MRCP images of 1011 cases and detected intrahepatic
ductal variation at a rate of 24.3%. Among these variations,
right posterior duct anomaly opening into the left HD was
recorded at a rate of 4.15%, aberrant right HD at a rate of
7.2%, and trifurcation at a rate of 8%. In our study, similar to
the study of Uysal et al. (24), trifurcation variation was found
in 8.6% of cases and right posterior duct anomaly opening
to the left HD was 4%.

In a study of 1041 patients, Renzulli et al. (19) investigated the
anatomical variations of the BD using the MRCP method. In
this study, variations at different levels of BD were detected
in 635 cases (36.7%). The most common variation was the
right posterior duct anomaly, with approximately 16.2%
opening into the left HD.The most common BD anomaly
in most studies is the right posterior duct anomaly draining
into the left HD (4,23). However, in some studies, including
our study, trifurcation variation was the most common BD
anomaly (24).

Although there are different results when evaluating the
opening of the CD into the extrahepatic BD, in most studies,
the CD was longer than the short CD. In our study, the long
CD was larger than the short CD. There are only few studies
on the location of the gallbladder, and similar to our study,
the transfer location and upper location of the gallbladder
are in close proportion (4). In our study, unlike the literature,
the variation in which the fundus of the gallbladder is on
the left and the variation in which the common BD and PD
open separately to the duodenum were evaluated for the
first time. Haliloglu et al. (25) investigated the relationship
between biliary confluence angle and age, sex, and body
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mass index in 40 patients and found that the confluence
angle was independent of these parameters. Similar to this
study, we did not find a statistically significant difference
between the confluence angle and sex.

Study Limitations

Our study has several limitations. First, because our study
was retrospective, we only included patients who underwent
MRCP for various reasons in the study group. Therefore,
our study population does not fully reflect the community.
Second, the MRCP method was not compared with more
invasive methods, such as intraoperative cholangiography
and surgery.

CONCLUSION

Gallbladder and BD show 24%-37% variation. Knowledge
regarding these variations is extremely important for surgical
interventions in this region. In our study, the trifurcation
variation was the most common. However, aberrant right
HD variation carries the greatest risk of damage because it
lies in Calot triangle. In addition, the risk of stone formation
is high in patients with long CD variations. In long-term CD
variations, the increase in the diameter of the common BD
before and after its union with the PD should be considered
in the treatment of such diseases. We believe that our
findings will guide surgeons in surgical interventions in this
region and help in planning the treatment of patients, as it
is a risk factor for many biliary tract and pancreatic diseases,
such as common BD stones, recurrent pancreatitis, and
cholangitis.
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Beyond Motor Symptoms: A Comprehensive Analysis of
Sexual Dysfunction in Cervical Dystonia

Servikal Distonide Cinsel Islev Bozuklugu Uzerine Kapsamli Bir Degerlendirme

Ozge Goniil Oner!, @ Gdzde Baran?

1Géztepe Prof. Dr. Siileyman Yalgin City Hospital, Clinic of Neurology, Istanbul, Tirkiye
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ABSTRACT

Objective: Dystonia is a neurological disorder marked by involuntary muscle contractions, leading to repetitive movements or abnormal postures.
While non-motor symptoms like anxiety, depression are well-documented, the prevalence and impact of sexual dysfunction in cervical dystonia
remain understudied. This study explores the prevalence of sexual dysfunction and its relationship with other factors in cervical dystonia patients.

Methods: This prospective study included 28 patients with cervical dystonia. Data were collected using the Beck Depression Inventory (BDI), Tsui
Rating Scale for cervical dystonia (Tsui), visual analog scale (VAS), and Arizona Sexual Experiences Scale (ASLS). Analyses included descriptive
statistics, correlation, multiple regression, and subgroup analyses.

Results: 71.4% of patients reported sexual dysfunction. No significant correlations were found between ASLS scores and age, disease duration,
BDI, or Tsui scores. A moderate, non-significant correlation existed between ASLS and VAS scores (r=0.331, p=0.082). Subgroup analysis showed
the highest ASLS scores in patients aged 50-60 and those with 5-10 years of disease duration. A significant difference in ASLS scores was observed
between males and females (p=0.05), with females having higher scores. Additionally, comparisons between patients with and without sexual
dysfunction showed no significant association with comorbidities.

Conclusion: Sexual dysfunction is prevalent in cervical dystonia, notably in older females with higher depression and pain levels. Comprehensive
care addressing both motor and non-motor symptoms is crucial. Future research should focus on longitudinal studies and therapeuticinterventions.

Keywords: Dystonia, non-motor symptoms, sexual dysfunction

0oz

Amag: Distoni, istemsiz kas kasilmalariyla karakterize, tekrarlayici hareketlere veya anormal pisttire yol agan nérolojik bir bozukluktur. Anksiyete ve
depresyon gibi motor disi semptomlar iyi belgelenmis olmasina ragmen, servikal distonide cinsel islev bozuklugunun yayginligi ve etkisi yeterince
arastinlmamistir. Bu calisma, servikal distoni hastalarinda cinsel islev bozuklugunun yayginhigini ve diger faktérlerle iliskisini incelemektedir.

Gereg ve Yontem: Bu prospektif calismaya servikal distonili 28 hasta dahil edilmistir. Veriler Beck Depresyon Olcegi (BDO), servikal distoni icin
Tsui Derecelendirme Olgegi (Tsui), gorsel analog skala (VAS) ve Arizona Cinsel Deneyimler Olcegi (ASLS) kullanilarak toplanmuistir. Analizler,
tanimlayici istatistikler, korelasyon, coklu regresyon ve alt grup analizlerini icermektedir

Bulgular: Hastalarin %71,4'ii cinsel islev bozuklugu bildirmistir. ASLS skorlari ile yas, hastalik stiresi, BDO veya Tsui skorlari arasinda anlamli bir
korelasyon bulunmamistir. ASLS ve VAS skorlari arasinda orta diizeyde, anlamli olmayan bir korelasyon saptanmistir (r=0.331, p=0.082). Alt grup
analizi, 50-60 yas araligindaki hastalarda ve 5-10 yillik hastalik stresine sahip olanlarda en yiksek ASLS skorlarinin oldugunu gdéstermistir. ASLS
skorlari agisindan kadinlar ve erkekler arasinda anlamli bir fark bulunmustur (p=0.05), kadinlarin daha ylksek skorlara sahip oldugu gérilmustur.
Ayrica, cinsel islev bozuklugu olan ve olmayan hastalar arasindaki karsilastirmalarda eslik eden hastaliklarla anlamli bir iligki saptanmamigtir.

Sonug: Cinsel islev bozuklugu, 6zellikle depresyon ve agri diizeyleri daha yiksek olan yash kadinlarda servikal distonide yaygindir. Hem motor
hem de motor disi semptomlari ele alan kapsamli bir bakim yaklagimi kritik dneme sahiptir. Gelecekteki arastirmalar, uzunlamasina ¢alismalar ve
terapotik midahalelere odaklanmalidir.
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INTRODUCTION

Dystonia is a neurological disorder characterized by
repetitive movements and unusual postures caused
by persistent or intermittent muscle contractions. It is
believed to arise from the pathology of physiological
neuronal pathways among the basal ganglia (1). Dystonia
is categorized as focal, segmental, or generalized based on
the body regions involved. Focal dystonia impacts a single
body area, whereas segmental dystonia involves two or
more interconnected regions. The most common examples
of focal dystonia are blepharospasm and cervical dystonia,
whereas segmental dystonia
dystonia and Meige syndrome (2) today, focal dystonia is
considered an isolated movement disorder with many non-
motor symptoms. Anxiety, depression, and social phobia
are the most well-documented mental health conditions
(3,4). It is also known that cognitive and emotional disorders
or sleep disorders, are observed in the cervical dystonia
(5). Studies examining non-motor symptoms in dystonia
patients have frequently investigated mood, cognition,
sleep, quality of life, apathy, and anxiety, but sexual
dysfunction has not been included in these studies (6).
Sexual health is an important aspect of mental health and
is often researched in Parkinson’s disease. The relationship
between sexual dysfunction and dystonia, however, remains
poorly understood and needs further investigation, as it
negatively affects patients’ psychological and physical
health, quality of life, and treatment process (7). To date,
sexual dysfunction in dystonia patients has only been
examined in two case-control studies (4,7). Additionally,
no studies on this topic have been conducted in Turkey.
This study aims to investigate sexual dysfunction in cervical
dystonia and contribute to the limited literature and clinical
perspective on this subject.

includes cranio-cervical

METHODS

This study is a prospective, descriptive survey conducted
with 28 cervical dystonia patients who were followed at
the botulinum toxin applications and movement disorders
outpatient clinic.

Selection and Identification of Cases

Inclusion criteria included individuals aged 18-65 years,
identifying as heterosexual, and diagnosed with focal
cervical dystonia. Patients were excluded if they had a more
extensive form of dystonia (e.g., hemidystonia, multifocal
dystonia, or generalized dystonia), acquired dystonia, or a
history of dementia, braintrauma, stroke, neurodegenerative
disease, or psychosis. Those with blepharospasm were also
notincluded. These exclusions were necessary to ensure the

accuracy and reliability of assessments, as such conditions
could interfere with the comprehension and completion of
sexual dysfunction tests, or be associated with additional
comorbidities that might influence sexual dysfunction.

All assessments were obtained at least 12 weeks after
the last botulinum toxin application during the dose-end
period.

The study was approved on 26.06.2024 by the Ethics
Committee of University of Health Sciences Turkiye,
Sancaktepe Sehit Prof. Dr. ilhan Varank Training and
Research Hospital (decision no: 200, date: 26.06.2024). This
study informed consent was obtained from all patients.

Data Collection Tools

Data on patients’ age, gender, type, and localization
of dystonia were obtained from their files filled out
during regular end-of-dose evaluations at the botulinum
toxin applications clinic, to monitor both the severity of
dystonia and non-motor symptoms. Mood assessment was
done using the Beck Depression Inventory (BDI-Il), pain
assessment using the visual analog scale (VAS), dystonia
severity assessment using the Tsui Rating Scale for cervical
dystonia (Tsui), and sexual function assessment using the
Arizona Sexual Experiences Scale (ASLS).

The BDI-ll is a self-report scale consisting of 21 questions
scored between 0-63, used to assess depression. The cutoff
values for mild/moderate/severe depression are 13/19/28,
respectively (8).

The VAS is a one-dimensional scale commonly used to
measure pain, consisting of a 100 mm line drawn vertically or
horizontally. The two ends of this line contain two descriptive
words for pain intensity (0= “no pain”, 100= "worst/
unbearable pain”). The patient is instructed to indicate a
point on the line that reflects the severity of their pain. The
portion from 0 to the mark is measured. Pain is classified
as no pain (0-4 mm), mild pain (4-44 mm), moderate pain
(45-74 mm), and severe pain (75-100 mm). In our study, pain
was classified into the categories of no pain/mild pain and
moderate/severe pain for analysis purposes.

Tsui, ranging between 0-25 (most disabling), grades the
dystonic head, neck, and shoulder movements and postures
9).

The ASLS is a self-report scale that assesses sexual
dysfunction, with separate forms for men and women, each
containing five questions. It examines sexual desire, mental
and physiological arousal, and orgasm. The total scores
range between 5 and 30. Higher scores indicate increased
levels of sexual dysfunction. Total scores of 19 and above
indicate sexual dysfunction.
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Statistical Analysis

Statistical analyses were conducted to assess variables
using SPSS 15.0 (Statistical Package for the Social Sciences)
(IBM SPSS Inc., Chicago, IL). Mean=standard deviation were
used for variables in descriptive statistics. The Shapiro-Wilk
testwas used to evaluate whether the data followed a normal
distribution. For variables following a normal distribution,
Pearson correlation analysis was used. For variables not
following a normal distribution, Spearman correlation
analysis was employed. Pearson correlation analysis
(parametric) was employed to examine the relationship
between ASLS, Tsui, age, and disease duration, while
Spearman correlation analysis (non-parametric) was utilized
for the correlation between ASLS, BDI, and VAS scores. For
assessment of the relationship between ASLS scores and
gender, we used the Spearman correlation analysis (non-
parametric) as gender is a categorical variable. Additionally,
multiple regression analysis was performed to determine
if age, disease duration, VPS score, and gender could
predict ASLS scores. Subgroup analyses were conducted
to compare mean ASLS scores across different age groups
and disease durations. Lastly, the Mann-Whitney U test
was utilized to compare ASLS scores between males and
females.

RESULTS

A comprehensive overview of the patients, including the
prevalence of depression, pain, sexual dysfunction, and
comorbid conditions, is summarized in Table 1. The mean
age of the patients was 48.1 years (median: 46, ranging
from 35 to 66), and the average duration of the disease
was 8.3 years (median: 8, ranging from 2 to 14). The
majority of the patients were female (85.7%). Comorbid
conditions were present in 42.9% of patients, with the most
common comorbidities being hypertension (17.9%) and
diabetes mellitus (14.3%). Other comorbidities included
hyperlipidemia (7.1%), and systemic lupus erythematosus
(3.6%). Levels of depression, pain, sexual dysfunction, and
comorbid conditions are presented in Table 1.

Relationship Between Sexual Disfunction and Other
Variables

Results indicated that ASLS and Tsui scores, age, and
disease duration adhered to a normal distribution, whereas
BDI and VAS scores did not. The conducted statistical tests
were mentioned in the methods section.

Results of the correlation analyses between ASLS scores
and other variables are summarized in Table 2.

There was a very weak correlation between ASLS and
age, disease duration, and gender, Tsui, BDI (p>0.05) and
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between ASLS between ASLS and VAS score (p>0.05).
These results indicate that there is no significant correlation
between ASLS scores and Tsui scores, BDI scores, age,

disease duration, VAS score, or gender.

Results of the Detailed Statistical Analysis

Multiple Regression Analysis is performed to determine
whether a combination of variables (age, disease duration,
VAS score, gender) can predict ASLS scores (Table 3). The
regression model indicates that none of the independent

Table 1. Descriptive data regarding patients

Age; mean=SD (median, minimum- 48.1+8.9 (46, 35-66)

maximum)

(edton, minmamarima) 83:37 (68,214
Female % 85.7%

Male % 14.3%
Comorbid conditions

None 57.1% (n=16)
Diabetes mellitus 14.3% (n=4)
Hypertension 17.8% (n=5)
Hyperlipidemia 7.1% (n=2)
Systemic lupus erythematosus 3.6% (n=1)
Depression level distribution

Minimum 60.7% (n=17)
Mild 17.9% (n=5)
Moderate 10.7% (n=3)
Severe 10.7% (n=3)
Visual pain score distribution

No pain 57.1% (n=16)
Moderate 28.6% (n=8)
Mild 7.1% (n=2)
Severe 7.1% (n=2)
Sexual disfunction level distribution

Yes 71.4% (n=20)
No 28.6% (n=8)

SD: Standard deviation

Table 2. Correlation between ASLS and other variables

Variables Corre‘la.ntion P-value
coefficient
ASLS & Age 0.035 0.856
ASLS & Disease Duration 0.019 0.917
ASLS & Gender -0.150 0.438
ASLS & Tsui 0.251 0.193
ASLS & BDI 0.186 0.339
ASLS & VAS Score 0.331 0.082

ASLS: Arizona Sexual Experiences Scale, BDI: Beck depression Inventory,
Tsui: The Tsui Rating Scale for Cervical Dystonia, VAS: Visual analog scale




Oner and Baran. Sexual Dysfunction in Dystonia

variables (age, disease duration, VAS score, gender) is
statistically significant as predictors of ASLS scores (p-values
>0.05). However, VAS score and gender are close to being
significant predictors, with p-values of 0.077 and 0.084,
respectively (Table 3).

Subgroup analysis is performed to assess ASLS scores
within clinically meaningful subgroups, such as by age
range and disease duration (Table 4). The mean ASLS score
varies across different age groups. Patients aged 50-60
have the highest mean ASLS score, while those aged 30-
40 have the lowest (Table 4). The mean ASLS score also
varies across different disease durations. Patients with a
disease duration of 5-10 years have the highest mean ASLS
score, while those with a duration of 0-5 years have the
lowest. These differences are not statistically analyzed for
significance here (Table 4). Comparative Analysis of ASLS
scores between different groups (male vs. female) was
performed. A significant difference in ASLS scores between
males and females (p=0.05) was detected. Females have a
higher mean ASLS score compared to males (Table 4).

Table 3. Results of the multiple regression analyses

Variable Coefficient SE T-value P-value Zgr‘:/;idence
interval
Constant 9.7684 9.687 1.008  0.324 g;%;g]z
Age -0.0410 0.174 -0.236 0.815 503?.211'
352:?; 00737 0.296 0249  0.805 g%ﬁf ’
VAS 2.6341 1415 1.861 0.077 [5_%32]5'
Gender  -6.2287 3.438 -1.811 0.084 513355]97‘

SE: Standard error, VAS: Visual analog scale

Table 4. Subgroup analyses

Age group Mean ASLS score
30-40 17
40-50 21
50-60 23
60-70 18
Disease duration

0-5 years 15
5-10 years 22
10-15 years 20
Gender

Male 13.0
Female 20.5

ASLS: Arizona Sexual Experiences Scale

Comparison of Patient Characteristics
Dysfunction Status

by Sexual

In this study, patients with cervical dystonia who had
sexual dysfunction were compared to those without
sexual dysfunction in terms of age, BDI score, and disease
duration. Patients with sexual dysfunction (n=20) had an
average age of 48.1 years, with a mean disease duration
of 8.3 years. The mean depression level, as measured by
the BDI score, was 16.7 in this group. In contrast, patients
without sexual dysfunction (n=8) had an average age of
44 4 years and a mean disease duration of 8 years, with an
average depression level (BDI score) of 10.9. In both groups,
the majority was female, and the VAS scores were generally
similar.

To determine whether there were significant differences
between patients with and without sexual dysfunction in
terms of age, depression level (BDI), pain score (VAS), and
disease duration, an independent t-test was performed. The
t-test results indicated no significant differences between
the two groups in terms of age (t=1.546, p=0.134), BDI score
(t=1.002, p=0.325), VAS score (t=0.893, p=0.380), and disease
duration (t=0.069, p=0.946). Additionally, a chi-square test
was conducted to examine if gender distribution differed
between the groups. This analysis revealed a significant
difference in gender between the groups (x*=37.7, p<0.001),
suggesting that being female may be a determining factor
for sexual dysfunction in this patient population. These
analyses indicate that while clinical variables such as age,
depression, pain level, and disease duration do not show
significant effects on sexual dysfunction, gender appears
to be a distinguishing factor (Table 5). Additionally, a chi-
square test was performed to examine whether the presence
of comorbid diseases differed between groups with and
without sexual dysfunction. The analysis results indicated
no significant difference in comorbidity presence between
the groups (¥?=0.648, p=0.723). This finding suggests that
comorbid conditions, such as diabetes and hypertension,
are not significantly associated with sexual dysfunction in
this patient population (Table 5).

Table 5. Comparative analysis of demographic and clinical
characteristics between patients with and without sexual dysfunction

Variable Test statistic P-value
Age t=1.546 0.134
BDI t=1.002 0.325
VAS score t=0.893 0.380
Disease duration t=0.069 0.946
Gender =377 <0.001
Comorbidity presence 1?=0.648 0.723

ASLS: Arizona Sexual Experiences Scale, BDI: Beck depression inventory,
VAS: Visual Analog Scale

93



DISCUSSION

Our study investigates the prevalence of sexual dysfunction
in cervical dystonia and explores the relationships between
sexual dysfunction and various factors such as age,
depression, and pain. It contributes to the current literature
on the non-motor symptoms of dystonia, particularly
sexual dysfunction, and highlights the importance of
comprehensive patient care.

When evaluating our study results alongside existing
literature, several important insights emerge regarding
the relationship between sexual dysfunction in dystonia
and other factors such as age, depression, and pain.
In the literature, the prevalence of sexual dysfunction
among dystonia patients varies, but significant rates
have been consistently reported. Sexual dysfunction has
been identified in 45% of cervical dystonia patients. (7).
Sexual dysfunction in these patients, is often linked with
depressive symptoms and other non-motor issues (10). In
our study, sexual dysfunction was identified in 71.4% of the
patients. In subgroup analysis, the mean ASLS score varies
across different age groups. Patients aged 50-60 have the
highest mean ASLS score, while those aged 30-40 have
the lowest. Patients with a disease duration of 5-10 years
have the highest mean ASLS score. Comparative analysis
found a significant difference in ASLS scores between
males and females (p=0.05). Females have a higher mean
ASLS score than males. Our finding of 71.4% in cervical
dystonia patients significantly exceeds the 45% prevalence
reported in the literature (7). This higher prevalence could
be attributed to differences in sample characteristics. Our
study sample consists of a predominantly female sample
and shows a higher prevalence of depression. We did not
find any significant correlation between sexual dysfunction
and other factors in our study. Nevertheless, the weak
correlation between ASLS scores and age may indicate that
sexual dysfunction increases with age. This is consistent
with numerous studies that have documented a decline
in sexual function with age, due to both physiological
and psychological changes (7). Even though there was a
weak positive correlation between BDI scores and ASLS
scores in our study, the evidence was insufficient to draw
definitive conclusions. This aligns with previous literature
indicating that depression may increase the risk of sexual
dysfunction in dystonia patients (10). Depression can affect
sexual health through multiple pathways, including reduced
libido, impaired arousal, and decreased sexual satisfaction
(10). Also, a weak positive correlation between VAS scores
and ASLS scores may suggest that higher pain levels are
associated with increased sexual dysfunction. This aligns
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with previous research highlighting the detrimental effects
of pain on sexual function (7). The management of pain
in dystonia patients may be crucial for enhancing their
sexual health. These findings underscore the importance of
incorporating sexual health assessments into routine clinical
practice for dystonia patients. Utilizing validated tools such
as the ASLS can help identify patients at risk of sexual
dysfunction (10).

In our study, no significant difference was found in the
presence of common comorbid conditions (such as
diabetes, hypertension, hyperlipidemia, and systemic lupus
erythematosus) between cervical dystonia patients with and
without sexual dysfunction. This finding suggests that sexual
dysfunction in dystonia may manifest as an inherent non-
motor symptom rather than being secondary to systemic
conditions. Although studies addressing sexual dysfunction
specifically in dystonia patients are limited, existing research
often links sexual dysfunction to non-motor symptoms such
as depression, anxiety, and pain. For example, a study
reported a 45% prevalence of sexual dysfunction in dystonia
patients, highlighting its association with psychological
factors such as depression and anxiety (7). However, this
study did not examine the impact of physical comorbidities
on sexual function in detail. Similarly, another study found
that sexual dysfunction negatively impacts quality of life
in dystonia patients, although comorbid conditions were
not specifically evaluated in terms of their effect on sexual
health (10). Given these findings, the lack of association
between comorbid conditions and sexual dysfunction in
our study may indicate that sexual dysfunction in dystonia is
more closely linked to neurological and psychosocial factors
rather than to systemic health conditions. The absence of
studies directly examining the relationship between sexual
dysfunction and comorbid conditions in dystonia patients
underscores the need for further research with larger
cohorts to explore this potential relationship in depth.

One study explored the neural circuits associated
with dystonia and their dysfunctions. It focused on the
psychiatric symptoms frequently seen in dystonia patients
and their management (11). Cognitive behavioral therapy
and mindfulness were suggested as psychotherapeutic
approaches. Addressing depression and pain through
appropriate interventions, including cognitive-behavioral
therapy, mindfulness, and pharmacotherapy, can
significantly improve sexual function (11). Future longitudinal
studies should be conducted to better understand the
relationships between sexual dysfunction, depression,
pain, comorbidities, and other factors in patients with
dystonia. Additionally, exploring the efficacy of various

therapeutic interventions, such as deep brain stimulation
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(DBS), physical therapy, and complementary therapies
like manual therapy and massage, can provide insights
into comprehensive treatment approaches (12,13). Further
development and validation of dystonia-specific assessment
tools are also needed to accurately evaluate and monitor
sexual dysfunction and other non-motor symptoms in this
population (10).

Study Limitations

There are several limitations. First comes the issue of a
small patient number. A bigger cohort would provide more
reliable results. Secondly, the cross-sectional design limits
establishing causality from the findings. Third, the exclusion
criteria, including non-heterosexual individuals and those
with other forms of dystonia or significant comorbidities, may
limit the applicability of the results to all dystonia patients.
Future studies including a more diverse population would
enhance the generalizability. Despite these limitations,
our study provides valuable insights into the prevalence
and factors associated with sexual dysfunction in cervical
dystonia patients, highlighting the need for comprehensive
patient care.

Conclusion

This study highlights the significant prevalence of sexual
dysfunction dystonia
underscores its association with various demographic
and clinical factors such as age, gender, depression,
comorbidities, and pain. The findings reveal that sexual
dysfunction is more commonly observed in older female
patients who report higher levels of depression and pain.
Despite the lack of statistically significant correlations
between ASLS scores and variables such as age, disease
duration, and depression levels, the trends observed
suggest the need for further exploration. The study
emphasizes the importance of adopting a comprehensive
healthcare approach that addresses both motor and non-
motor symptoms, including sexual health, to improve the
overall quality of life for these patients. By integrating
regular assessments of sexual function
practice, healthcare providers can identify and manage
sexual dysfunction more effectively. Future studies are
needed to better understand the relationships between
sexual dysfunction and other factors in dystonia patients.
Additionally, investigating the efficacy of various therapeutic
interventions, such as cognitive-behavioral therapy,
mindfulness, and pharmacotherapy, can provide valuable
insights into improving sexual health and overall well-
being in this population. Overall, this study contributes to
the limited literature on sexual dysfunction in dystonia and

among cervical patients and

into  clinical

highlights the need for further research and comprehensive
patient care strategies to address this critical aspect of non-
motor symptoms.
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ABSTRACT

Objective: This study aimed to evaluate the clinical, laboratory, and etiological features of children with pancreatitis.

Methods: Sixty-three patients who were followed up between 2005 and 2019 and diagnosed with pancreatitis were enrolled in the study. The
patients were classified into groups 1 and 2, with acute and chronic pancreatitis, respectively. The demographic, etiological, clinical features, and
laboratory parameters were evaluated retrospectively.

Results: The mean age was 11.1£2.3 (range 3.9-16.7 years) and M/F was 1.6. The most common causes were biliary sludge, gallstones (14.2%),
and familial Mediterranean fever (FMF) (11%). Group 1 included 46 patients (73.1%) and group 2 included 17 patients with acute recurrent
pancreatitis and 7 patients with chronic pancreatitis. The most common causes were idiopathic (50%), biliary sludge and stones (15.3%), and
infections (13%) in group 1 and idiopathic (17.7%), FMF (17.7%), cystic fibrosis (17.7%), and genetics (17.7%) in group 2. There were no statistically
significant differences in laboratory parameters between the groups (p>0.05).

Conclusion: In developing countries where consanguineous marriage is common, genetic diseases, especially FMF, should be considered in
patients presenting with abdominal pain, amylase, and lipase elevation and diagnosed with pancreatitis.

Keywords: Acute pancreatitis, etiology, treatment, children

0z

Amag: Calismanin amaci pankreatit tanili cocuklarin klinik, laboratuvar ve etiyolojik ézelliklerini degerlendirmektir.

Gereg ve Yontem: Calismaya 2005-2019 yillari arasinda pankreatit tanisiyla takip edilen 63 hasta dahil edildi. Hastalar grup 1, akut pankreatitli
hastalar ve grup 2, akut tekrarlayan pankreatitli veya kronik pankreatitli hastalar olarak siniflandinldi. Demografik, etiyolojik, klinik &zellikler ve
laboratuvar parametreleri retrospektif olarak degerlendirildi.

Bulgular: Ortalama yas 11,1+2,3 (dagilim 3,9-16,7 yil) ve E/K 1,6 idi. En sik gérilen nedenler safra camuru, safra taglar (%14,2) ve ailevi Akdeniz
atesi (FMF) (%11) idi. Grup 1'de 46 (%73,1) hasta, grup 2'de ise 17 akut tekrarlayan pankreatit ve 7 kronik pankreatit hastasi yer aldi. Grup 1'de en
stk gértlen nedenler idiyopatik (%50), safra camuru ve taslarn (%15,3) ve enfeksiyonlar (%13), idiyopatik (%17,7), FMF (%17,7), kistik fibrozis (%17,7)
ve idiyopatik (%17,7) idi. Grup 2'de genetik (%17,7). Gruplar arasinda laboratuvar parametreleri acisindan istatistiksel olarak anlamli fark yoktu
(p>0,05).

Sonug: Akraba evliliginin yaygin oldugu gelismekte olan Ulkelerde karin agrisi, amilaz ve lipaz yiksekligi ile bagvuran ve pankreatit tanisi alan
hastalarda basta FMF olmak tzere genetik hastaliklar da distndlmelidir.

Anahtar Kelimeler: Akut pankreatit, etiyoloji, tedavi, cocuklar
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INTRODUCTION

The incidence of acute pancreatitis (AP) in childhood tends
to increase gradually. The annual incidence of this condition
is approximately 1/10,000 in children (1). The increase
in frequency may be related to the actual increase in the
prevalence of the disease among children and the increase
in awareness (2).

Pancreatitis is inflammation of the pancreas, which is usually
a self-limiting disease with a mild course in children (3,4).
It is characterized by clinical symptoms such as abdominal
pain, nausea, and vomiting, and increased digestive enzyme
levels (3,4). Pancreatitis was classified by the International
Study group of Pediatric Pancreatitis: In search for a cuRE
group; as acute, acute recurrent, or chronic (5,6). The
incidence of acute recurrent pancreatitis (ARP) after the first
AP attack is 20%, and that of chronic pancreatitis (CP) is 35%
(7). In children, these rates are 21.5% and 22%, respectively
(8). The incidence of ARP among children within the first 5
months after the first AP attack was 70% (9).

There are significant differences in etiology, incidence,
clinical manifestations, complications and prognosis when
compared with adults (9-11). While the most common
causes in adults are alcohol and gallstones (10), the causes
vary according to age in children, including obstructive/
biliary, infections, metabolic trauma, toxins, systemic illness,
inborn errors of metabolism, and genetic predispositions
4,11-13).

The etiological and clinical features, laboratory findings,
and imaging findings of pediatric patients with pancreatitis
were examined.

METHODS

Sixty-three patients with pancreatitis who were followed up
in the pediatric gastroenterology department between 2005
and January 2019 were included in the study. The medical
records of the patients were analyzed retrospectively.

The diagnosis of AP was based on the presence of at least
two of three criteria, including clinical symptoms such as
abdominal pain, nausea, and vomiting; increased serum
amylase levels (>3 times upper limit of normal); and/or
increased serum lipase levels (>3 times upper limit of normal),
and radiological findings consistent with pancreatitis (5,6).
Two or more than 2 attacks of AP at different periods when
pancreatic enzymes return to normal is considered ARP.
CP is considered if one of the three criteria, including
typical abdominal pain, exocrine pancreatic insufficiency,
or endocrine pancreatic insufficiency, exists in addition
to characteristic imaging findings (5,6). The patients were

98

Med J Bakirkoy 2025;21:97-103

classified as group 1, patients with AP, and as group
2, patients with ARP or CP. Non-pancreatic amylase/
lipase elevations, such as parotitis, mumps, appendicitis,
macroamylasemia and peritonitis were excluded.

Biochemical and hematological examinations were
performed in all patients. Amylase clearance (amylase
clearance =100 x (Urine amylase (U/L Ux Serum creatinine)
/ (Serum amylase x Urine creatinine) was calculated (14).
Amylase clearance >5 was considered AP. Ultrasonography
(US) and magnetic resonance imaging (MRI) examinations,
which are among the imaging methods that help diagnose

pancreatitis, were evaluated in the department of radiology.

The study was approved by the Ethics Committee of
University of Health Sciences Turkiye, Sisli Hamidiye Etfal
Training and Research Hospital (no: 1355, date: 10/01/2019).
Informed consent was obtained from the patient’ parents.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) 22.0 package
program (SPSS Inc, Chicago, lllinois, U.S.A.). The Shapiro-
Wilk test was applied to all variables to determine
whether there was a normal or abnormal distribution.
Frequency distributions were expressed as numbers and
percentages, variables with normal distribution were
expressed as mean * standard deviation, and variables
without normal distribution were expressed as median
(minimum-maximum). In the comparison of paired groups,
the Independent Samples t-test for numerical variables with
normal distribution and Mann-Whitney U test for variables
with abnormal distribution were used. Chi-square analysis
was used in the analysis of categorical data. P<0.05 was
considered significant for all results.

RESULTS

Sixty-three patients (mean age: 11.1£2.3, range 3.9-16.7
years, M/F: 1.6) were included in the study. In total, 11.2%
of the patients were under 5 years old, 26.9% were 6-10
years old, and 61.9% were 11-17 years old. Abdominal pain
was found in 95.2% of the patients, nausea and vomiting in
57.1%, fever in 14.2%, and jaundice in 3.1% at admission.
The most common causes were bile sludge and stones
(14.2%), familial Mediterranean fever (FMF) (11%), and
infections (9.6%) (Table 1).

None of the patients had anemia, leukocytosis, hyper-
or hypocalcemia, hyper/hypoglycemia, or serology for
hepatitis A, B, and C. Serum immunoglobulin G, A, and
M levels and lactate dehydrogenase values were found
to be within age-appropriate limits, with average levels



Bilen et al. Etiological and Clinical Characteristics of Cases with Pancreatitis

of 1002, 231, 218, and 254.2 U/L, respectively. Laboratory
parameters at admission are presented in Table 2. Direct
bilirubinemia was detected in only one patient. While this
case was followed up with the diagnosis of hereditary
spherocytosis and gallstones, endoscopic retrograde
cholangiopancreatography (ERCP) was performed because
of the sudden onset of abdominal pain, high liver enzyme
levels, amylase, lipase, and direct bilirubin. Clinical and
laboratory improvements were observed after the removal
of choledochal stones. Cholecystectomy was performed
during follow-up. Abnormal ultrasonographic findings
among imaging methods were observed in only 22 (35.5%)
patients (Table 2).

No significant differences were observed in terms of age,
gender, and laboratory parameters between the two
groups. The most common causes were idiopathic (50%),
biliary sludge and stones (15.3%), and infections (13%) in
group 1 and idiopathic (17.7%), FMF (17.7%), cystic fibrosis
(17.7%), and genetics (17.7%) in group 2 (Table 3). There
were no statistically significant differences between the
findings observed by US and MRI in the cases in Groups 1
and 2 (p>0.05) (Table 4).

All cases were closely followed for the first 48 hours. Oral
feeding of 8 (12.6%) patients with moderate or severe
clinical status was stopped for 48 h by intravenous fluid
administration and then slowly reopened. Oral feeding was
not interrupted in any of the other patients. Prophylactic

Table 1. Distribution of patients with pancreatitis according to
etiology

Idiopathic 26 (41.2%)
Gall sludge and stones 9 (14.2%)
FMF 7 (11%)
Infections

Cytomegalovirus IgM 1 (1.6%)
Parvovirus B19 IgM 2 (3.2%)
M. pneumoniae 3 (4.8%)
Obesity 3 (4.8%)
Cystic fibrosis 3 (4.8%)
Trauma 2 (3.2%)
Hereditary

SPINK mutation 2 (3.2%)
PRSS1 mutation 1 (1.6%)
Drugs 1 (1.6%)
Hemolytic uremic syndrome 1 (1.6%)
Anatomical malformation

Duplication cyst of the duodenum 1 (1.6%)
Hyperlipidemia 1 (1.6%)

Ig: Immunoglobulin, FMF: Familial Mediterranean fever

antibiotics and proton pump inhibitors were initiated.
Creon was initiated in six patients with CP. No attack has
been observed for 6 months.

During follow-up, patients with pancreatitis were also
examined for accompanying diseases and complications.
A 5.5-year-old male patient with AP secondary to type 1
hyperlipidemia and 9.5, 15.5, and 8.5-year-old girls without
any additional disease, but due to pleural effusion and
respiratory distress, were followed up in the intensive
care unit. Plasmapheresis was applied to patients with
hyperlipidemia type 1, and a decrease in triglyceride levels
and improvement in the AP clinic were observed. Because
the serum liver enzyme levels of 6 patients who had an AP
attack due to gallstones increased 4 times the average and
total bilirubin levels increased 5 times the normal, ERCP and
elective cholecystectomy were performed in these patients.

Table 2. Laboratory parameters and ultrasonographic findings
upon admission

Laboratory findings

Hemoglobin (10-13.5 g/dL)

13.2(9.6-16.4)

Hematocrit (31-41%)

38.8(27.3-47.4)

Amylase (28-100 U/L)

630.9 (53-2134)

Lipase (7-39 U/L)

915.2 (44-4947.6)

Amylase clearance

5.56 (5.1-7.35)

Glucose (74-106 mg/dL)

103.3 (67-167)

Calcium (8.8-10.8 mg/dL)

8.67 (8.1-10.53)

Total protein (5.7-8 g/dL) 6.73(4.17-7.85)
Albumin (3.5-5.2 g/dL) 4.13 (2.6-5.05)
AST (0-40 U/L) 35.6 (9-408)
ALT (0-41 U/L) 32.8 (5-221)

GGT (0-17 U/L)

41.7 (7-234.3)

ALP (<300 U/L)

197.9 (63-613

LDH (120-300 U/L)

Total bilirubin (0.3-1.2 mg/dL)

)
254.2 (34-624)
0.8 (0.13-5.74)

Direct bilirubin (0-0.2 mg/dL)

0.34(0.07-4.3)

19G (mg/dL)

1040 (830-1320)

IgA (mg/dL)

176 (62-352)

IgM (mg/dL)

142 (39.1-299)

Ultrasonographic findings

Gall sludge and stones 9 (14.2%)
Increase in pancreatic size 5(7.9%)
Pancreatic edema 4 (6.3%)
Dilatation in bile ducts 2 (3.1%)
Hemorrhagic pancreatitis 1(1.5%)
Necrotizing pancreatitis 1(1.5%)

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, GGT:
Gamaglutamyl transpeptidase, ALP: Alkaline phosphatase, LDH: Lactate

dehidrogenase, Ig: Immunoglobulin
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Group 1 Group 2 p-value

(n=46) (n=17)
Age (mean, = SD, years) 11.2+3.1 12.1+£2.4 1.00
Gender (M/F) 1.5(28/18) 1.8 (11/6) 0.28
Etiology
Idiopathic 23 (50%) 3(17.7%) 0.023
Gall stone and sludge 7 (15.3%) 2 (11.7%) 1.00
Infection 6 (13%) - 0.17
FMF 4 (8.6%) 3(17.7%) 0.37
Trauma 2 (4.3%) - 1.00
Hyperlipidemia 1(2.2%) - 1.00
Drug 1(2.2%) - 1.00
HUS 1(2.2%) - 1.00
Obesity 1(2.2%) 2 (11.7%) 0.17
CF - 3(17.7%) 0.017
Anatomic malformation - 1(5.8%) 0.269
Genetic - 3(17.7%) 0.017
Laboratory parameters
Hemoglobin (10.5-13.5 g/dL) 13.8 (9.6-16.4) 13.4(13.3-14.1) 0.89
Hematocrit (31-41%) 37.4 (36-45.2) 37.3(27.3-47.4) 0.85
Glucose (74-106 mg/dL) 111 (81-167) 91 (67-101) 0.52
Calcium (8.8-10.8 mg/dL) 9.78 (8.1-10.35) 10.4 (10.2-10.53) 0.41
Phosphorus (2.5-4.5 mg/dL) 3.11(2.9-4.5) 3.98 (3.94-4.95) 0.21
Chloride (97-107 mg/dL) 101 (95-103.4) 97.2 (94-102) 0.96
Creatinine (0.6-1.2 mg/dL) 0.61(0.46-0.93) 0.57 (0.37-0.63) 0.82
Amylase (28-100 U/L) 746 (53-2134) 841 (758-1074) 0.63
Lipase (7-39 U/L) 1027 (237-4947.6) 1058 (44-1506) 0.70
Amylase clearance 4.8 (3.1-7.35) 5.3(3.5-5.8) 0.74
AST (0-40 U/L) 49 (9-58.8) 23 (17-408) 0.67
ALT (0-41 U/L) 15.8 (5-58.1) 90 (9-221) 0.54
GGT (0-17 U/L) 105 (11-234.3) 11 (7-168) 0.76
LDH (110-295 U/L) 183 (34-321) 219 (204-624) 0.21
ALP (0-300 U/L) 154 (63-2804) 204 (203-613) 0.53
Total bilirubin (0.3-1.2 mg/dL) 0.43(0.19-5.74) 0.4 (0.13-0.77) 0.1
Direct bilirubin (0-0.02 mg/dL) 0.27 (0.11-4.3) 0.35(0.1-0.7) 0.21
Total protein (5.7-8 g/dL) 5.58 (4.17-7.58) 7.9 (6.5-7.85) 0.69
Albumin (3.5-5.2 g/dL) 4.7 (2.6-4.54) 4.9 (4.1-5.05) 0.40

p<0.05 is statistically significant. AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, GGT. Gamaglutamyl transpeptidase, ALP: Alkaline

phosphatase, LDH: Lactate dehidrogenase, FMF: Familial Mediterranean fever, HUS: Hemolyticuremic syndrome, CF: Cystic fibrosis, SD: Standard deviation

Seven patients with abdominal pain, fever, and joint pain had the early period. However, regression was observed during
homozygous R202Q FMF mutations. Colchicine treatment follow-up. Mortality was not observed in any of the patients.

was initiated in 3 patients who experienced recurrent

pancreatitis attacks. Patients whose complaints decreased DISCUSSION
after treatment were still followed up without any problems. Any stimulus that disrupts the mechanisms that protect the
In one of the cases, a pseudopancreatic cyst developed in acinar cells of the pancreas against autodigestion (such
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Table 4. Radiological findings of patients in groups 1 and 2

Group 1 Group 2 p-value

(n=46) (n=17)
Ultrasonographic findings
Normal 29 (64.4% 12 (68%) 0.76
Gall sludge and stones 8 (18%) 1(6%) 0.42
Increase in pancreatic size 3 (7%) 2 (11%) 0.60
Pancreatic edema 2 (4.4%) 2 (11%) 0.29
Dilatation in bile ducts 2 (4.4%) 1.00
Hemorrhagic pancreatitis 1(2.2%) 1.00
Necrotizing pancreatitis 0 1(6%) 0.26
CT and/or MRI findings 12 (26%) 8 (47%)
Pancreatic edema 9 (75%) 5(62.5%) 0.64
Necrotizing pancreatitis 1(8%) 0 1.00
Dilated duct of Wirsung 1(8%) 3(37.5%) 0.25
Hemorrhagic pancreatitis 1(8%) 0 1.00
Peripancreatic fluid collection 5 (25.4%) 3(27.3%) 1.00

p<0.05 is statistically significant. MRI: Magnetic resonance imaging, CT:
Computed tomography

as reflux of bile to the pancreatic duct, drugs or trauma)
activates digestive enzymes, causing inflammation, vascular
damage, and necrosis in the pancreatic tissue, leading to
the development of pancreatitis.

Pancreatitis is caused by various causes such as biliary
diseases (gallstones, microlithiasis), infections, trauma,
and metabolic causes in childhood (4,12,15). Sag et al. (16)
reported that 25% of their patients with AP had idiopathic
pancreatitis, 14.3% had systemic diseases such as hemolytic
uremic  syndrome, Henoch-Schonlein  purpura, and
connective tissue diseases, 11.1% had trauma, and 9.5%
had cholelithiasis. Park et al. (17) found that 36.2% of 215
AP cases were due to biliary causes and 25.6% to drugs.
Pezzilli et al. (18) observed that biliary diseases were the
most common cause of pancreatitis (20%), followed by viral
infections (12%). Choledochal cysts and hyperlipidemia
were reported as the most common causes in Fayyaz et
al. (19). While Kandula and Lowe (20) found multisystemic
disease (33.3%) and systemic infections (18.4%) to be
the most common causes in 87 cases, Lautz et al. (21)
determined that most of the cases were idiopathic (31.3%)
in their large-series. Majbar et al. (22) reported that the
most common causes were drugs (19%) and cholelithiasis
(13%) in 94 patients with AP. Consistent with the literature,
41.2% of our patients with AP were idiopathic, followed by
biliary diseases, infections, FMF, CF, and trauma, in order of
frequency. We believe that these differences in the causes
of AP may be related to ethnic or geographic changes.

Al Hindi et al. (3) found that pediatric AP was more common
in males and age between six years and 10 years. No
significant difference was observed in this study.

Anincrease of more than 3times in amylase and lipase levels
is indicative of the diagnosis of AP (2,4,10). In our cases,
amylase and lipase levels were detected approximately
10 times higher than the normal limits. Since amylase
clearance in the first 24 h was calculated as >5, all cases
were evaluated as AP. In our study, no significant differences
were observed between the groups in terms of laboratory
and imaging findings.

Although AP improved after the first attack, 10-30% of
the cases developed ARP with an increase in the number
of attacks. The causes of ARP differ from AP. The most
common causes are biliopancreatic structural disorders and
obstructions, such as gallstones (8). In studies conducted in
adults, patients with idiopathic ARP and genetically induced
ARP often progress to CP (23). Poddar et al. (8) reported
that the most common causes of 320 cases of ARP and
CP were idiopathic (70% and 88%, respectively), followed
by biliary diseases, familial pancreatitis, and anatomical
malformations. In our country, Unlisoy et al. (24) reported
that 47% of patients with ARP and CP were idiopathic. We
can explain the low rate of this rate in patients with ARP and
CP can be explained by the small number of patients.

ARP has been reported in FMF, especially in adulthood, due
to duodenal amyloid accumulation (25). In our study, the
frequency of FMF was significantly higher in patients with
AP, ARP, and CP than in the other studies. We can explain
this with the high rate of consanguineous marriage in our
country. In addition, it was claimed that the heterozygous
R202Q mutation did not cause pancreatitis, whereas the
detection of homozygous R202Q mutation in all cases with
pancreatitis and the decrease in AP or ARP attacks after
colchicine treatment were remarkable.

It is known that CTFR, PRSS1, SPINK and CTCR mutations
are among the genetic causes of CP (26). CTFR, PRSST, or
SPINK gene mutations were detected in 79% of the cases
and family history was found to be positive in 5% in a study
conducted between 2000 and 2009 in children under the
age of 18 who were diagnosed with ARP and CP in a single
center (27). This rate was reported to be 17.6% in a study
from our country (24). In our study, only two of our patients
with ARP and CP had SPINK mutations and 1 had PRSS1
mutations. Our mutation rate was 4.8%, which can be
explained by the fact that mutation examinations have been
performed in our hospital in recent years.

Local complications, such as acute fluid collection and
pseudocysts, can occur in the presence of acute severe
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pancreatitis. Although studies have shown that acute
fluid collection in adults mostly regresses spontaneously,
half of pancreatic pseudocysts and most pancreatic acids
require therapeutic intervention (8,28). Until now, data on
complications secondary to pancreatitis in the pediatric
population. Al Hindi et al. (3) reported three cases
complicated by pseudocysts. In our study, a 3 cm cyst
developed in the tail of the pancreas in one patient (1.6%)
with ARP. The cyst was less than 6 cm in size, and it resolved
spontaneously in 8 weeks without drainage.

Although the AP-related mortality rate varies in different
studies, it was reported to be 0.4-6% and it is thought that
mortality is mainly related to the underlying cause (20,29).
Lautz et al. (21) observed a mortality rate of 2.4% in patients
with AP and suggested that this was not directly related
to the severity of AP but was related to the underlying
comorbidity. Goday et al. (30) found a mortality rate of
0.3% and mortality rate due to secondary causes of 6.8%
in patients with AP who needed pediatric intensive care.
Mortality was not observed in any of our patients, but 3
cases (4.8%) who developed pleural effusion and respiratory
distress were followed up without secondary complications
in the intensive care unit.

As stated in the literature, the incidence of patients with
pancreatitis has been increasing among pediatric patients
in recent years. Although the causes of pancreatitis are
variable, most cases are still idiopathic, as in our study,
consistent with the literature.

CONCLUSION

In conclusion, contrary to countries where the etiology of
pancreatitis is diverse, such as ours, where consanguineous
marriage is common, genetic diseases, especially FMF,
should be considered in patients presenting with abdominal
pain, amylase, and lipase elevation and diagnosed with
pancreatitis. Patients with pancreatitis should be closely
monitored for supportive therapy, complications, and CP.
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Volumes on the Success of Combined Interscalene-
Supraclavicular Nerve Block

Farkli Lokal Anestetik Hacimlerinin Kombine interskaIen—SuprakIavikular Sinir
Blogunun Basarisina Olan Etkinliklerinin Karsilastiriimasi
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ABSTRACT

Objective: Brachial plexus blocks are used as an alternative to general anesthesia for most procedures performed in the upper extremity. This
study aimed to compare the perioperative anesthetic and analgesic efficacy of combined interscalene block-supraclavicular brachial plexus block
(ISB+SCB), with different volumes of local anesthetic (LA) under ultrasound guidance.

Methods: Data from 85 patients who underwent ISB+SCB for anesthesia in proximal upper extremity surgery including unilateral humerus and
shoulder procedures between March 2021 and September 2023 were retrospectively reviewed. According to the local anaesthetic volume of
bupivacaine administered, the patients were divided into two groups: the high volume group (Group H), with 18 mL or more, and the low volume
group (Group L), with less than 18 mL. Patients were evaluated in terms of anesthetic and analgesic effects in the perioperative period.

Results: Postoperative pain scores and additional analgesic requirements were not significantly different between the two groups during the
follow-up period. Motor block was terminated in all patients (100%) at the 8" postoperative hour in Group L, whereas the rate was 89.4% in Group
H. A statistically significant difference was found between the two groups (p=0.047). In Group H, the resolution of motor block in all patients was
determined at the 12% postoperative hour. The volume of LA given in both groups was sufficient for surgical anesthesia.

Conclusion: Ultrasound-guided ISB+SCB with lower LA volume may provide effective surgical anesthesia and analgesia with similar efficacy and
shorter duration of motor block in shoulder and humerus surgery.

Keywords: Upper extremity, interscalene block, supraclavicular block, low volume local anesthetic

oz
Amag: Brakiyal pleksus bloklari, Ust ekstremitede gerceklestirilen cogu prosedir icin genel anesteziye alternatif olarak kullaniimaktadir. Bu

galismada, ultrason esliginde farkli voliimlerde lokal anestezi (LA) ile yapilan kombine interskalen blok-supraklavikular brakiyal pleksus blogunun
(ISB+SCB), perioperatif anestezik ve analjezik etkinliginin karsilastirimasi hedeflenmistir.

Gereg ve Yontem: Mart 2021 ile Eylul 2023 tarihleri arasinda tek tarafli humerus ve omuz girisimlerini iceren proksimal Ust ekstremite cerrahisinde
anestezi amaciyla ISB+SCB uygulanan 85 hastanin verileri geriye doniik olarak tarandi. Uygulanan bupivakaine LA voliimiine gére hastalar, 18 mL
ve Ustl uygulanan yiksek hacimli grup (Grup H) ve 18 mLl'den daha dusik volim uygulanan distk hacimli grup (Grup L) olmak Uzere iki gruba
ayrildi. Hastalar perioperatif donemde anestezik ve analjezik etki acisindan degerlendirildi.

Bulgular: Postoperatif agri skorlari ve ek analjezik gereksinimi karsilastinldiginda iki grup arasinda takip stresince anlamli fark saptanmadi. Motor
blok ise Grup L'de postoperatif 8. saatte hastalarin tamaminda (%100) sonlanirken, Grup H'de bu oran %89,4 olarak saptandi ve iki grup arasinda
istatistiksel olarak anlamli fark bulundu (p=0,047). Grup H'de motor blogun tim hastalarda geri dénis zamani postoperatif 12. saat olarak
belirlendi. Her iki grupta da verilen LA hacmi cerrahi anestezi icin yeterli idi.
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Sonug: Ultrason kilavuzlugunda daha disiik LA hacmi ile uygulanan ISB+SCB, omuz ve humerus cerrahisinde benzer etkinlik ve daha kisa motor

blok suresi ile etkin cerrahi anestezi ve analjezi saglayabilir.

Anahtar Kelimeler: Ust ekstremite, interskalen blok, supraklavikular blok, diistik hacim lokal anestezik

INTRODUCTION

Anesthesia for upper extremity and shoulder surgery can be
provided by general anesthesia, regional anesthesia, or a
combination of these. Although general anesthesia provides
precise airway control, side effects related to general
anesthesia and opioids may adversely affect patient comfort
and prolong hospital stays with inadequate pain control
in a fragile patient population (1). Regional anesthesia
techniques maintain more stable hemodynamics compared
to general anesthesia, prevent airway instrumentation,
and provide adequate intraoperative and postoperative
analgesia (2).

Peripheral nerve blocks used for anesthesia and analgesia in
upper extremity and shoulder surgery vary according to the
patient and the surgical procedure to be performed (1). The
distribution, size, and innervation of the blocked surgical
area may not be fully achieved with a single peripheral nerve
block (3). For this reason, combined block applications are
becoming increasingly popular. For example, interscalene
block (ISB) and supraclavicular block (SCB) may be sufficient
for the proximal arm, but if the surgical intervention involves
the distal arm, the ulnar nerve must also be blocked (4).

The interscalene approach to the brachial plexus is the
preferred technique for shoulder and proximal arm surgical
procedures. However, there is a 100% incidence of ipsilateral
phrenic nerve involvement and hemidiaphragm paralysis,
resulting from blockade of the C3-5 cervical nerve roots
at high volumes. There is also a risk of Horner's syndrome
secondary to sympathetic blockade hoarseness and
respiratory distress with recurrent laryngeal nerve blockade,
and hypotensive-bradycardic events with the Bezold-Jarisch
reflex (5). This limits the use of ISB, aimed at reducing the
volume of LAusedinISBbyincreasing dual block applications
(6). Infraclavicular-suprascapular block to prevent phrenic
nerve paralysis in humeral head fracture repair; axillary-ISB
in multiple fractures of the humerus, shoulder, and elbow,
and supraclavicular-ISB used for multiple fractures of the
humerus are some of the dual blocks in the literature (6-10).
However, dual block application requires high doses of local
anesthetic (LA) (6). Although the use of a lower volume of
LA when performed under ultrasonography (USG) guidance
has reduced complications, there are not enough studies on
combined blocks, to reach the required area in the proximal

upper extremity (11). In addition, there is no clear consensus
on the appropriate dose of LA for surgical anesthesia (12).

The extentof blockage in peripheral nerve block applications
depends on the neural structure, anatomy, volume, and
concentration of the LA used (13). Although the amount
of LA required can be reduced by closer perineural needle
placement under USG guidance, especially in dual block
applications, the minimum required LA dose in peripheral
nerve blocks cannot be standardized because it also
depends on the structure of the nerve (14).

The primary aim of this study was to compare the effect of
different volumes of LAs on perioperative anesthetic and
24-hour pain scores in patients undergoing ISB+SCB for
shoulder and humerus surgery. The secondary aim was to
evaluate the need for additional postoperative analgesics,
changes in vital parameters, and sensory and motor block
return times between the two groups.

METHODS

Patient Selection

Our retrospective, single-center, observational study was
performed after Clinical Research Ethics Committee of
University of Health Sciences Turkiye, Bakirkdy Dr. Sadi Konuk
Training and Research Hospital (approval no.: 2023-22-10,
date: 20.11.2023) was obtained. The data of patients who
underwent shoulder arthroscopy operation for unilateral
humeral fracture open reduction internal fixation, shoulder
impingement syndrome, slap lesion surgery, and rotator
cuff rupture, and who underwent ISB+SCB for anesthesia
between 02.03.2021 and 18.09.2023 in the orthopedic clinic,
were retrospectively reviewed. Eighty-five patients with
American Society of Anesthesiologists (ASA) physical status
I-1ll, aged 18-75 years, in whom the operation was completed
uneventfully with regional anesthesia were included in the
study. Patients excluded from the study included those
with incomplete information in the pain and patient follow-
up form, those younger than 18 years of age, those with
a neurological deficit involving the upper extremity, those
with a bleeding coagulation disorder, those with a history
of alcohol-substance abuse, those with psychological
illness, those with advanced chronic obstructive pulmonary
disease, and those in whom the block was performed only
for analgesia, were excluded from the study.
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Preoperative Preparation & Block Technique

Peripheral vascular access was provided to all patients after
preoperative monitoring in accordance with ASA guidelines.
Intravenous (i.v.), midazolam 0.02 mg/kg was administered
as premedication before the procedure.

SCB

The patient was placed in a supine position with the head
rotated 45 degrees to the opposite side. After sterilization
of the area to be blocked, the brachial plexus was identified
around the subclavian artery in the supraclavicular
fossa using a 5-13 MHz linear ultrasound probe (Esaote
MylLabSeven/Esaote S-P.A, Genoa, Italy) for SCB. A 100 mm
22 gauge insulated needle (Stimuplex Insulated B Braun
Medical, Germany) was used to target the deep brachial
plexus above the first rib using the inplane technique. LA
was injected after negative aspiration, from posterior to
anterior and lateral to medial. After the corner pocket was
formed, the remaining volume was injected just above and
lateral to the subclavian artery.

ISB

For USG-guided ISB, the brachial plexus was re-imaged
from the supraclavicular fossa. The probe was advanced
cephalad along the level of the cricoid cartilage, and
hypoechoic, oval C5 and Cé cervical nerve roots were
visualized between the anterior and middle scalene muscles
in the interscalene groove. The LA was injected after
aspiration. Diffusion of LAs was visually confirmed by USG.
All blocks were performed by an anesthetist with at least
five years of experience.

When scanned retrospectively, standard 6 mL 2% prilocaine
for rapid onset of action and 0.5% bupivacaine in different
volumes for prolonged duration of action were used as
LA agents in both blocks. According to the volume of
bupivacaine LA administered, the patients were divided
into two groups: high volume group (Group H), with 18 mL
or more, and low volume group (Group L), with less than 18
mL.

Perioperative Evaluation

Patient and pain follow-up form, pinprick test, and modified
Bromage scale were used as data collection tools. In addition
to demographic data; ASA score; operation information;
operation time and volume of LAs administered; numeric
pain score (NRS) at 0-1-4-8-12-16-20 and 24 hours; additional
rescue analgesic requirement; return time of sensory and
motor block; and hemodynamic and vital parameters
(systolic, diastolic, and mean blood pressure), which were
evaluated by the routine pain team using the postoperative
pain assessment form in our hospital, were documented on
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these forms. In the ward, 3 doses of 1 g paracetamol and 3
doses of 50 mg tramadol hydrochloride, were administered
IV as routine analgesia protocol. In patients with an NRS
score above 3 who needed additional analgesia, 50 mg
dexketoprofen trometamol i.v. was administered as rescue
analgesia. Our study was conducted in accordance with the
1995 Declaration of Helsinki (as revised in Brazil, 2013).

Statistical Analysis

In this study, the Number Cruncher Statistical System
2017 (Kaysville, Utah, USA) program will be used for
statistical analyses. While evaluating the study data, the
frequency and percentage values for categorical variables,
as well as the mean and standard deviation values for
continuous variables, will be given. Normal distribution
tests of continuous variables will be conducted using the
Kolmogorov-Smirnov test. Chi-square analysis will be used
for the relationships between categorical variables. Where
appropriate, categorical variables will also be evaluated
with Fisher's exact, and Fisher's Freeman Halton test.
Independent Samples t-tests will be used for two-group
comparisons in continuous independent variables that
exhibit a normal distribution. For variables that do not fulfill
the assumption of normal distribution, the Mann-Whitney U
test will be used for two independent group comparisons.
P<0.05 will be considered statistically significant.

RESULTS

Afterthe application ofinclusion and exclusion criteria, a total
of 85 patients, 38 (44.7%) in Group L and 47 (55.2%) in Group
H, were included in the study. When demographic data
were analyzed, the mean age of all patients was 57.8+15.9
years; 63.5% were male and 36.5% were female. ASA risk
groups were similar between the two groups (p>0.05).
55.3% of the patients in Group L and 48.9% in Group H were
in the ASA Il risk group. Similar operations were performed
between the two groups, with humeral surgery being the
predominant operation in 68% of patients in Group L and
55% in Group H. Surgical time was 125.2+42.3 min in Group
L and 122.3+37.2 min in Group H (p=0.73). Anesthesia times
were similar between the two groups (p=0.75) (Table 1).

There was no significant difference between the two groups
during the follow-up period when systolic-diastolic blood
pressure and peak heart rate were compared (Table 2).
There was also no significant difference between the two
groups when postoperative pain scores and additional
analgesic requirements were compared (Table 3).

When the duration of the motor-sensory block was
analyzed, the sensory block was terminated at the 12%
postoperative hour in both groups. The block efficiency
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was similar between the two groups during the follow-up
period. The motor block duration returned to function at
the 8" hour postoperatively in all patients (100%) in Group L.
In contrast, this rate was 89.4% in Group H, and a statistically
significant difference was found between the two groups
(p=0.047). The return of motor function in all patients in
Group H was determined as the 12 hour postoperatively.
During the follow-up period, the duration of sensory-motor

Table 1. Demographic data

block was similar between the two groups except for the 8th
postoperative hour (Table 3).

Complications were observed in each of 3 patients in Groups
1 and 2 (7.9% and 6.4%, respectively), and no significant
difference was observed between the two groups. Ptosis
resolved at 4 hours with conservative treatment in 3 patients
in Group L and 2 patients in Group H; while 1 patient in
Group H had hoarseness that resolved spontaneously.

Parameters (mean %= SD) Total (n=85) Grup L (n=38) Grup H (n=47) p
Age (year) 57.8+15.9 58.5+16.6 57.1+15.4 0.698
Gender (n; %) 0.821
1 (Male) 54 (63.5) 25 (65.8) 29 (61.7)

2 (Female) 31 (36.5) 13(34.2) 18 (38.3)

ASA (n; %) 0.695
1 10(11.8) 5(13.2) 5(10.6)

2 44 (51.8) 21 (55.3) 23 (48.9)

3 31 (36.5) 12 (31.6) 19 (40.4)

Operation type (n; %) 0.155
1 (Arthroscopy) 22 (25.9) 6(15.8) 16 (34)

2 (ORIF) 52 (61.2) 26 (68.4) 26 (55.3)

3 (Other) 11(12.9) 6(15.8) 5(10.6)

Duration of anesthesia (min) 158.8+36.2 160.2+38.4 157.7+34.7 0.754
Surgical time (min) 123.6+39.4 125.2+42.3 122.3+37.2 0.736

ASA: American Society of Anesthesiologists, SD: Standard deviation, ORIF: Open reduction internal fixation

Table 2. Vital parameters

HR (beats/min)

0" hour 70.8+11.7 68.9£13.2 723102 0.189
1% hour 731146 702113 759169 0.102
4" hour 791212 78.112.1 79.812.1 0.590
8" hour 80.8+13.4 79.5:13.2 822138 0.443
12* hour 822117 813115 83.2+12.1 0.588
16" hour 80.5+9.8 79+11.4 81.7+8.2 0.350
20" hour 77.7+8.7 79.2£9.9 76.8+7.8 0.303
24" hour 80.8+11 79.4£109 82+11.2 0.484
SBP (mmHg)

0" hour 118.5420.8 117.2+19.6 119.421.9 0.639
1% hour 121.618.6 119.9215.4 1233214 0.456
4" hour 1229169 1251185 12142156 0.373
8" hour 122.9216.1 124.117.1 121.5£14.9 0.531
12" hour 128.6214.2 131.6214 125.4+14 0.140
16" hour 125.9:16.8 126.9+15.4 1251182 0.727
20 hour 1247133 1256+13.6 1241133 0.689
24" hour 125.4+13.8 126.9+14.8 124.213.1 0.562
g?ﬁ;j‘rmHg) 71.1£12.1 71.1413.4 115112 0.982
1% hour 72£9.9 /1184 72.8+113 0.494
4 hour /1.8+8 /3.4+8.5 70.7+7.4 0.178
o hor 71.3+7.8 71.2+7.7 e o
12% hour 75289 /4.5:8.4 75.4+9.6 0.736
16" hour /1:6+8.6 f2x6.2 713103 0.768
20 hour [3:5%7.6 /4778 722475 0.232
24" hour 73.1+8.2 73.6%7.7 72.7+8.8 0.743

HR: Heart rate, SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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DISCUSSION

In our study, combined ISB+SCB was performed under
USG-guided guidance, and postoperative efficacy of high-
and low-volume LAs (18 mL and above and less than 18 mL)
was evaluated. Postoperative pain scores and additional
analgesic requirements were similar between the two
groups.

Blockade of the brachial plexus can provide effective
anesthesia and analgesia in the entire upper extremity.
However, the type of block applied differs according to
the location of the operation (15). While distal extremity
anesthesia can be achieved with infraclavicular and isolated
nerve blocks, the ISB and SCB should be combined to ensure
a high success rate in procedures requiring anesthesia of

Table 3. Postoperative data
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the proximal arm. This is because even if a sufficient volume
of LA is injected into the SCB, it may fail to block the C5
and Cbé nerve roots (16). However, dual block (ISB and SCB)
requires a high dose of LA agent, which increases the risk
of LA toxicity and side effects (3). Studies with ultrasound
guidance and electrical nerve stimulation techniques have
focused on block success rate, block initiation time, and LA
dose (15). Although ultrasonographic visualization of the
needle, the target nerve, and the injected LA have been
associated with increased block success rates, decreased
block initiation times, and decreased amount of LA required
for successful nerve block, there is no clear consensus on
the dose, and volume to be administered (17-19). In our
study, we aimed to evaluate the effect of different volumes
of ISB-SCB block on anesthetic success, postoperative pain

Additional analgesia (n; %)

0 hour 2(2.4) 1(2.6) 121 0.697
1= hour 6(7.1) 4(10.5) 2(4.3) 0.243
4% hour 7(8.2) 2(5.3) 5(10.6) 0.314
8" hour 19 (22.4) 8(21.1) 11 (23.4) 0.796
12 hour 22 (25.9) 12 (31.6) 10 (21.3) 0.281
16" hour 29 (34.1) 10 (26.3) 19 (40.4) 0.173
20" hour 31(36.5) 13 (34.2) 18 (38.3) 0.697
24" hour 26 (30.6) 13 (34.2) 13(27.7) 0.515
NRS (mean=SD)

0" hour 0(0) 0 0(0) 0.249*
1% hour 0(1) 0 0(1) 0.861*
4% hour 0(2) 1 0(2) 0.365*
8" hour 2.5(2) 2 3(2) 0.576*
12 hour 32 3 2(1) 0.853*
16" hour 32 2 3(2) 0.122*
20" hour 32 3 3(2) 0.541*
24" hour 32 3 3(2) 0.671*
Sensory (n; %)

0 hour

Negative 53 (62.4) 24 (63.2) 29 (61.7) 0.842
Partial 6(7.1) 2(5.3) 4(8.5)

Positive 26 (30.6) 12 (31.6) 14 (29.8)

15t hour

Negative 27 (31.8) 14 (36.8) 13(27.7) 0.529
Partial 12 (14.1) 6(15.8) 6(12.8)

Positive 46 (54.1) 18 (47.4) 28 (59.6)

4t hour

Negative 17 (20) 7 (18.4) 10 (21.3) 0.768
Partial 7(8.2) 4(10.5) 3(6.4)

Positive 61(71.8) 27 (71.1) 34 (72.3)

8t hour

Negative 3(3.6) 1(2.6) 2(4.3) 0.467
Partial 5 (6) 1(2.6) 4(8.5)

Positive 77 (90.6) 36 (94.7) 41(872)

12% hour /
Positive 85 (100) 38 (100) 47 (100) na
16" hour /
Positive 85 (100) 38 (100) 47 (100) na
20" hour /
Positive 85 (100) 38 (100) 47 (100) na
24" hour /
Positive 85 (100) 38 (100) 47 (100) na
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Table 3. Continued

Motor (n; %)

0t hour 0.335
Negative 45 (52.9) 17 (44.7) 28 (59.6)

Partial 15(17.6) 7 (18.4) 8 (17)

Positive 25 (29.4) 14 (36.8) 11 (23.4)

1t hour

Negative 24 (28.2) 10 (26.3) 14 (29.8) 0.590
Partial 14 (16.5) 8(21.1) 6(12.8)

Positive 47 (55.3) 20 (52.6) 27 (57.4)

4% hour

Negative 11(12.9) 2(5.3) 9(19.1) 0.165
Partial 8(9.4) 4(10.5) 4 (8.5)

Positive 66 (77.6) 32 (84.2) 34 (72.3)

8™ hour 0.047
Partial 5(5.9) 0@ 5(10.6)

Positive 80 (94.1) 38 (100) 42 (89.4)

12t hour

Positive 85 (100) 38 (100) 47 (100) n/a
16 hour

Positive 85 (100) 38 (100) 47 (100) n/a
20% hour

Positive 85 (100) 38 (100) 47 (100) n/a
24 hour

Positive 85 (100) 38 (100) 47 (100) n/a
Complications (n; %) 6(7.1) 3(7.9) 3(6.4) 0.787

*Values presented as median (interquartile range) and comparisons made using the Mann-Whitney U test

+presented as median (IQR)
NRS: Numeric rating scale, IQR: Interquartile range, SD: Standard deviation

scores, and the need for additional analgesia in shoulder
and humerus surgical procedures.

The use of low-dose 0.5% ropivacaine in ultrasound-
guided ISB was first reported by Riazi et al. (20). The study
included patients who underwent open and arthroscopic
shoulder surgery and ISB in 5 mL and 20 mL volumes for
analgesia. In this prospective randomized controlled trial
(RCT), no significant difference was found between the two
groups in LA volume and pain scores, sleep quality, and
total opioid consumption up to 24 hours postoperatively
(20). In the present study, similar results were obtained in
the groups. In another RCT, Abdelhaq et al. (3) divided 93
patients who underwent combined SCB+ISB for humeral
fracture, into three groups according to the volume of LA
administered. Standard 20 mL (10 mL 0.5% bupivacaine +
10 mL 2% lidocaine), and different volumes (20-15-10 mL)
of LA were administered for SCB and ISB, respectively. It
was emphasized that the amount of LA administered to
the ISB could be reduced with dual block, but that the
duration of analgesia was significantly reduced with the
reduction of LA volume (3). In another RCT, 5 or 15 mL, 0.5%
ropivacaine doses were compared for patients undergoing
superior truncal block (STB) during shoulder arthroscopies.
Postoperative pain score, additional analgesic use, duration
of analgesia, side effects, and patient satisfaction were
found to be similar between the two groups (21). This
contrast in the literature may be explained by differences

in the volume of LA administered, the use of blocks for
postoperative analgesia, and the fact that the operation was
performed under general anesthesia (20,21). In the present
study, the median volume of bupivacaine administered was
18 mL because of applying a combined block (ISB-SCB) and
the provision of surgical anesthesia with a regional block in
all patients.

One of the factors affecting the duration of peripheral nerve
block is the dose of LA, which is the product of volume and
concentration. The effect of LA volume, concentration, and
dose on the duration of the block varies in studies (22).
In one study, it was shown that the duration of motor and
sensory block was significantly shortened by decreasing
1.5% mepivacaine, from 40 mL to 15 mL in patients
undergoing axillary brachial plexus block (23). In another
study, no significant correlation was found between volume
increase and onset of block, and motor block duration
in patients undergoing humeral surgery. Sensory block
duration was found to be prolonged with volume increase
(3). In the present study, sensory block duration was similar
between the two groups, whereas motor block duration was
significantly prolonged in the high-volume group. Although
there are many publications in the literature indicating a
direct relationship between the amount of LA given and
duration, it is not clear whether this effect depends on
dose, volume, or their combination (22-25). In another study
evaluating the effect of different volumes and concentrations
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of ropivacaine on the duration of analgesia after ISB in
shoulder surgery, it was concluded that both volume and
concentration affected the duration independently (26). In
another study conducted to evaluate whether the decrease
in the duration of sensory and motor block was mainly
related to the decrease in volume or the decrease in dose,
patients who underwent axillary block were divided into
three groups. Group 1 used 20 mL of 1.5% mepivacaine (300
mg), Group 2 used 30 mL of 1% mepivacaine (300 mg) and
Group 3 used 30 mL of 1.5% mepivacaine (450 mg). When
the groups with equal doses were compared, it was reported
that sensory and motor block lasted longer in the group with
higher concentration and smaller volume (Groups A and B),
but this was not statistically significant. The use of diluted
and low-dose LAs (Group B) was shown to significantly
shorten the duration of motor and sensory blocks compared
to high doses and high concentrations (Group C) (22). The
difference may be related to variations in concentration and
dose reported in the literature.

LA systemic toxicity and the development of complications
are directly related to the dose, volume, concentration, and
site of administration of LA (14). In a study investigating
the relationship between the volume of LA administered
(5 mL vs 20 mL) and complications in shoulder surgery,
ultrasonographic measurements and respiratory function
tests showed that the incidence of diaphragm paralysis was
significantly reduced in the 5 mL group. Although Horner's
syndrome, hoarseness, hiccough, and respiratory distress
occurred in 8 patients (40%), no adverse outcome was
reported in the low-volume group (20). Similarly, Kim et al.
(21) evaluated the efficacy of STB with 5 mL and 15 mL of LA
in shoulder surgery and showed that analgesic efficacy was
similar, with less hemidiaphragm paralysis in the low-volume
group. This is due to the spread of LA along the prevertebral
fascia, resulting in phrenic nerve block and hemidiaphragm
paralysis due to C3-C5 involvement. There is also a risk of
Horner's syndrome secondary to sympathetic blockade,
hoarseness with recurrent laryngeal nerve blockade,
respiratory distress, and hypotensive-bradycardic events
with the Bezold-Jarisch reflex (5). In addition, proximity to the
epidural space may cause neuraxial spread and LA systemic
toxicity (LAST) at high doses (27). Although phrenic nerve
involvement was not evaluated in our study, respiratory
distress was not observed in any patient. Horner's syndrome
was seen in three patients in each group, with there being
no statistically significant difference between them.

Study Limitations

The main limitations of our study are its retrospective
nature, the small number of patients, and the fact that it
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was conducted at a single center. Sufficient data on volume
and block onset time could not be obtained in the groups.
In addition, phrenic nerve involvement was not evaluated
in patients who underwent a block. However, providing
surgical anesthesia as well as postoperative analgesia with
regional block, and avoiding the possible effects of general
anesthesia are the strengths of our study.

CONCLUSION

Effective anesthesia and optimal surgical conditions can
be achieved by using low-volume ISB-SCB applied in
shoulder and humerus surgery. In addition, the shortening
of motor block return time and the ability to provide
effective analgesia up to 24 hours postoperatively may
encourage the use of low doses for peripheral nerve blocks
in clinical practice, highlighting additional advantages of
this application.
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ABSTRACT

Objective: Human adipose tissue participates in fat storage and immune response. Curcumin (CUR) decreases adipocyte differentiation by
inhibiting inflammatory cytokines and by activating anti-inflammatory cytokines. In this study, we aimed to determine the suppressor effects of
different doses of CUR (0.5 uM, 5 M, 10 pM, 20 uM, 50 uM) on preadipocyte-adipocyte differentiation and its anti-inflammatory role in adipocytes.

Methods: Differentiation of cells was performed using Oil Red O. The mRNA expression levels of adiponectin, C/EBPa, COX-2, IL-6, leptin,
NFkB1, PPARy, SIRT-1, TNF-a, TRPV1, UCP2, VEGF-A, VEGF-RI, and VEGF-RII were evaluated in preadipocyte and adipocytes.

Results: CUR decreased the differentiation of preadipocytes-adipocytes and the release of proinflammatory cytokines by regulating the
expression of C/EBPa and PPARy gene expressions.

Conclusion: CUR inhibited adipogenic transcription factors and adipocyte differentiation at all concentrations. The anti-inflammatory effect was
greatest at 50 uM.

Keywords: Curcumin, differentiation, adipocytes, anti-inflammatory

0z
Amag: insan yag dokusu yag depolanmasinin yanisirada immun cevapda da rol oynar. Kurkuminin (CUR) enflamatuvar sitokinleri inhibe ederek
ve anti-enflamatuvar sitokinlerin aktive ederek adiposit farklilagsmasini azalttigi gosterilmistir. Bu ¢calismada farkl dozlardaki CUR'un (0,5 uM, 5

uM, 10 uM, 20 uM, 50 pM) preadiposit-adiposit farklilasmasindaki baskilayici etkisini ve adipositlerdeki anti-enflamatuvar roltini ortaya ¢ikarmayi
hedefledik.

Gereg¢ ve Yéntem: Hucrelerin farklilasmasi Oil Red O kullanilarak, adiponektin, C/EBPa, COX-2, IL-6, leptin, Nikleer NFkB1, PPARy, SIRT-1,
TNF-0, TRPV1, UCP2, VEGF-A, VEGF-RI ve VEGF-RIl mRNA ekspresyon dlzeyleri preadipositlerde ve adipositlerde saptandi.

Bulgular: CUR'un, preadipositlerin adipositlere farklilagmasini ve proinflamatuar sitokinlerin salinimini azaltti. Bunu, C/EBPa ve PPARy gen
ekspresyonlarini dizenleyerek yapti

Sonug: Sonug olarak, CUR, 0,5-50 uM arasindaki tim dozlarda adipojenik transkripsiyon faktorlerini ve adiposit farklilasmasini inhibe etti. Anti-
enflamatuvar etkisini en fazla 50 uM'de gésterdi.

Anahtar Kelimeler: Kurkumin, farklilagsma, adipositler, anti-enflamatuvar
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INTRODUCTION

Human adipose tissue is involved in fat storage and also
plays a role in immune response. Adipose tissue includes
various cell types such as preadipocyte cells, adipocyte
cells, endothelial cells, mast cells, fibroblasts, diverse
immune cells, stem cells (1,2). It may also inhibit weight
earning and metabolic diseases through the activation
of specialized heat-productive adipocytes (3,4). The
expression of transcriptional regulators such as peroxisome
proliferator-activated receptor gamma (PPAR-y) and
CCAAT/enhancer binding protein a (C/EBPa), sirtuin (SIRT),
and transient receptor potential vanilloid 1 (TRPV1) receptor
and 2, receptors induce the differentiation of adipocytes
and adipogenesis. Previous studies have revealed that
TRPV1 channels participate in weight loss by enhancing
intracellular Ca?* levels (5-10).

Brown adipose tissue (BAT) comprises preadipocyte
that express high levels of thermogenic genes. These
preadipocyte are located in special stores and play a role in
providing energy equality in all body parts by participating
in thermogenesis, converting excess amounts of chemical/
nutritional energy into heat energy. In contrast, brown-like
adipocyte cells, also termed beige cells, grow in white
adipocyte cells in response to various activators (5). The
activities of beige and brown fat cells are important for
reducing metabolic diseases, including obesity, in humans
and mice (11). White adipose tissue (WAT) consists of
adipocytes that store energy as triglycerides. However,
BAT is functionally and physically different from WAT, and
body mass index is adversely proportional to the amount of
BAT suppression of adipocyte differentiation (from brown
cells to white cells) and could be an effective strategy for
preventing and treating obesity (12).

Activation and excessive expression of the SIRTs family
are contained in the trans-differentiation or "“browning”
course of WAT to BAT (13). Beige adipocytes specialize in
the dissipation of heat as energy. It does this by increasing
their high mitochondrial content and the expression of
mitochondria-related genes such as uncoupling proteins
(UCPs). UCPs are a family of the mitochondrial anion carrier
protein family that are targeted for weight loss therapy, with
a role in controlling body temperature and energy balance

().

White adipocytes produce and secrete a large number of
adipokine, such as growth factors, cytokines, vasodilators,
hormones, and others, including signal molecules (1,2).
Adipokines have several functions. Regulation of appetite
and energy, glucose and fat and metabolism, endothelial
cell function, insulin function, inflammation, blood pressure,
atherosclerosis, hemostasis, metabolic syndrome, and so

on are some of these functions (14). Leptin, adiponectin
(visfatin), inflammatory cytokines such as tumor necrosis
factor-a (TNF-a), cyclooxygenase-2 (COX-2), iterleukin-6 (IL-
6), interleukin-1 (IL-1), platelet activator inhibitor-1 (PAI-1),
angiogenic proteins such as vascular endothelial growth
factor (VEGF) and its receptor as VEGF-receptor (VEGF-R)
are produced and secreted from white adipocytes. The
molecular mechanisms of the effects of these adipokines
are not fully understood, and research on this is still being
conducted (9,15-17).

Various thermogenic dietary factors have been shown
to prevent obesity and metabolic syndrome through
antioxidant and anti-inflammatory mechanisms. Curcumin
(CUR) is a polyphenolic compound derived from turmeric
(Curcuma longa) plants belonging to the gingerol
(Zingiberaceae) family. It has a wide variety of biological and
pharmacological effects (18).

The thermogenic function of CUR was previously described
as inhibiting the differentiation of adipocytes from
preadipocyte (19). It has been reported that CUR inhibits
adipocyte differentiation by affecting various regulators.
CUR can lower the expression of PPARy and C/EBPa
leading to a decrease in lipid accumulation in adipocytes
and ameliorating obesity and hyperlipidemia in patients
with metabolic syndrome (20,21). CUR plays a potential role
in reducing triglycerides. It does this by interacting with
various targets, including cholesteryl ester transfer protein,
peroxisome proliferator-activated receptor alpha, PPAR-y
and lipoprotein lipase (22). CUR, a natural polyphenol, is
suggested to suppress adipocyte differentiation in the early
stage by inhibiting the secretion of some regulators and
inflammatory cytokines and by activating the secretion of
anti-inflammatory cytokines (7,22,23). CUR is also reported to
induce both the production and breakdown of triglyceride-
rich lipoproteins to reduce plasma cholesterol and
triglyceride concentrations by attenuating the expression
of lipogenic genes (22). It can affect TRPV receptor 1 and
TRPV2 receptor located in the intestinal jejunum and thus
may have effects on both WAT and BAT (24,25).

The current study aimed to explore the molecular
mechanisms of the inhibitory effects of different CUR
doses on human preadipocyte-adipocyte (HPAd) cell
differentiation. We also examined an adequate dose of
CUR supplements to prevent adipocyte-related oxidative
and inflammatory status. This study is the first to examine
the effect of CUR on the HPAd cell differentiation.

In our study, we used the following methods with all
CUR doses we prepared, and CUR doses were studied in
triplicate in all methods.
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METHODS

Procedures

Thawing, Detection, and Culturing Human Preadipocyte
Cells

A vial containing 5x10° human preadipocyte cells (HPAd
from heart tissue, Catalog no: 802h-05a, cell Applications,
San Diego CA, mycoplasma testing has been carried out
for the cell line) seeded in preadipocyte growth medium
(Cell Applications, San Diego CA) in 25 cm? (Corning,
NY) tissue culture flasks under standard conditions and
25 cm? flask (Corning, NY) with preadipocyte growth
medium in a 37 °C incubator containing 5% CO, (Sanyo
MCO-20AIC, Moriguchi, Osaka, Japan) was incubated
for 24 h. Microscopic examination showed that the cells
were attached to the flask the next day and multiplied in
the following days. When the flask surface contained 70-
80% cells (confluen), the other passages were made with
a Subculture Reagent Kit (cell applications, San Diego CA)
according to the manufacturing protocol until the cells
reached a sufficient number, and then the preadipocyte
differentiation step was initiated.

Differentiation of Preadipocytes into Adipocytes

In order to differentiate 16x10¢ cells into adipocyte cells,
2x10° cells/2 mL preadipocyte cells were seeded into 5
of 6-well plates with growth medium. The next day, it was
observed that the cells were attached to the wells, and the
growth medium was changed. Adipocyte differentiation
medium (cell applications, San Diego CA) was added to the
cells into each well. During the addition of the adipocyte
differentiation medium, different concentrations of CUR
were also pipetted into the respective wells. In the first
plates 3 wells formed the control cells, and in the other
plates, different doses of CUR were added to 3 wells and
plates were incubated in a 37 °C incubator containing 5%
CO,. Preadipocyte cells were followed for 15 days until they
differentiated into adipocyte cells, and their medium was
changed every 3 days. At the end of the 15" day, when the
cells were examined under a microscope (Leica Wetzlar,
Germany), granulated oil drops were observed in the cells,
which differentiated into adipocyte cells. The different doses
of CUR were diluted with dimethyl sulfoxide and prepared.
The applied CUR (Sigma, Germany) doses were 0.5 pM, 5
puM, 10 uM, 20 uM and 50 pM.

Staining of Differentiated Adipocyte Cells Using Oil
Red O

Differentiation of cells was performed using the Oil Red O
dye method. 15x10° control cells/3 well stained with Oil Red
O dye (Lipid Oil Red O Staining kit, Sigma-Aldrich, USA)
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according to kit procedure. Finally, ultrapure water was
added to the cells and examined under a microscope. It
was determined that they were painted with Oil Red O, and
photographs were taken. Additionally, Oil Red O staining
was quantified for all groups of adipocytes and preadipocyte
in a 96-well plate reader (BioTek Instruments, USA) at
492 nm according to the kit procedure. For each group,
experiments were repeated three times and measurements
were performed in triplicate.

Quantifying mRNA Expression in Cells Using qRT-PCR

For mRNA expression quantification, total RNA was
extracted from the cells using RNAzol RT solution (MRC,
USA) according to the manufacturer's protocol. The
concentration and purity of the RNA samples were then
evaluated using a NanoDrop 2000 (Thermo Scientific,
USA), where 1 pl of RNA was pipetted into the device.
Prior to reverse transcription, RNA concentrations were
standardized. Reverse transcription was performed using
the Script cDNA Synthesis Kit (Jena Bioscience, Germany)
following the kit protocol. The resulting cDNA was then
amplified by gRT-PCR using the gPCR GreenMaster with
the UNG Kit (Jena Bioscience, Germany). The remaining
procedures followed the methodology outlined in the
experiment by Degirmencioglu et al. (17). Primers were
sourced from LGC (Denmark), and all calculations were
performed in triplicate. The primers used are detailed in
Table 1.

Statistical Analysis

Results are presented as meanststandard deviation of
three experiments. Statistical analyses were performed
using GraphPad Prism 5 software (San Diego, CA). One-
way analysis of variance (ANOVA) was used to compare
quantitative data among the groups. If the results of the
ANOVA were significant, Tukey’s multiple comparison test
was used to compare groups' means (p<0.05).

RESULTS

The effects of different CUR doses on lipid accumulation
during  preadipocyte-adipocyte  differentiation  were
determined using the Oil Red O dye method. Lipid
significantly during
differentiation in control adipocytes (p<0.001). All different
doses of CUR inhibited lipid accumulation, and the
difference was statistically significant compared with the
control adipocytes (p<0.001) (Figure 1).

accumulation  was increased

Effects of CUR on C/EBP-a and PPAR-y Gen Expresion

C/EBP-a expression levels were significantly increased in
adipocytes during differentiation (p<0.001). Different doses
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of CUR treatments (CUR 0.5-50 pM) during differentiation
decreased C/EBP-a mRNA levels compared with adipocytes
(p<0.001) (Figure 2).

Also PPAR-y gen expression in adipocytes is enhanced
significantly during differentiation compared with that in
preadipocyte. CUR treatment during differentiation showed
different effects on PPAR-y gen expressions. In comparison
to adipoyctes; Expression of PPAR-y significantly decreased
in CUR 0.5, CUR 10 (p<0.01) and CUR 50 (p<0.05) groups
and significantly increased in the CUR 20 group (p<0.001)
(Figure 2).

Effect of CUR on Adipokine Gene Expression

Adipokine mRNA expression was decreased in all CUR
groups compared with adipocytes (p<0.001). The reduction
in adipokine levels was not dose dependent (Figure 3).
Leptin mRNA levels were significantly increased in all CUR-
treated adipocytes except the CUR 50 group compared
with the control adipocytes (p<0.01). In the CUR 50 group,
leptin mRNA levels were significantly decreased (p<0.01)
(Figure 3).

Table 1. Primer list for RT-PCR

Effects of CUR on Proinflammatory Cytokines

COX-2 mRNA expression was significantly increased in all
CUR-treated adipocytes compared with control adipocytes
(p<0.05 for CUR 0.5, p<0.001 for CUR 5, CUR 10, CUR 20 and
CUR 50). IL-6 gene expression levels significantly changed
during differentiation of CUR-added adipocytes. While a
statistically significant increase was found in the CUR 0.5 and
CUR 5 groups (p<0.001), IL-6 mRNA levels were significantly
decreased in the CUR 10, CUR 20 and CUR 50 groups
(p<0.001) in comparison with the control adipocytes. TNF-a
mRNA levels were significantly increased in all CUR groups
except the CUR 50 group in comparison with the control
adipocytes (p<0.05 for CUR 0.5, p<0.001 for CUR 5, CUR 10
and CUR 20). In the CUR 50 group, mRNA levels of TNF-a
significantly decreased (p<0.001) (Figure 4). The reduction
of NFkB1 mRNA levels in the CUR 5 group and increase in
the CUR 10 group were statistically significant compared
with the control adipocytes (p<0.001 for both) (Figure 4).

Gene name Gene bank Primer sequences Product size (bp)
Forward 5-AGGATGCAAGGGTTTCTTCCG-3'
PPARG NM_138712.5 Reverse 5'-CCGCCAACAGCTTCTCCTTC-3' 200
Forward 5'-CACCGCTCCAATGCCTACTG-3'
CEBPA NM_001285829.1 Reverse 5'-CTAAGGACAGGCGTGGAGGA-3' 200
Forward 5'-ACTGCTGGACCCAAGGACAT.3'
NFKBT NM_003998.4 Reverse 5'-CGCCTCTGTCATTCGTGCTT-3' 105
Forward 5'-ACTGCTGGACCCAAGGACAT-3'
TNF-a NM_000594.4 Reverse 5'-CGCCTCTGTCATTCGTGCTT-3' 81
Forward 5'-CTTCTGCACCACTGTCATCG-3"
UCFz NM_001381944.1 Reverse 5-GTGACGAACATCACCACGTT-3" 195
Forward 5'-CCCACTGAGGAGTCCAACA -3’
VEGFA NM_001025366.3 Reverse 5'-CTCTCCTATGTGCTGGCCTT-3' 2
VEGFR] Forward 5-TTACCGAATGCCACCTCCAT-3
NM_002019.4 Reverse 5'-CTTGGGTTTGCTGTCAGTCC-3' 105
VEGFR2 Forward 5'-CTCAGCAGGATGGCAAAGAC-3'
NM_002253.4 Reverse 5'-AGGTGAGGTAGGCAGAGAGA-3' 72
Forward 5-ACCCTGTTTGTGGACAGCTA-3'
TRPVI NM_080704.4 Reverse 5'-CAAGGCCAGGGAGAATACCA-3' 129
TR NM_012238.5 Forward 5-TATGCTCGCCTTGCTGTAGA-3' .
) Reverse 5'-TGGCTGGAATTGTCCAGGAT-3'
cox2 NM_000963.4 Forward 5'-GCTTCCATTGACCAGAGCAG-3' 159
Reverse 5'-CTCCACAGCATCGATGTCAC-3'
LEP Forward 5-TGGAGAAGCTGATGCTTTGC-3'
NM_000230.3 Reverse 5-GGACCATTCAGAGGGTCACA-3' 196
Forward 5'-GGATGTGAAGGTCAGCCTCT-3"
ADIPOQ NM_001177800.2 Reverse 5-TACACCTGGAGCCAGACTTG-3' 141
Forward 5-ACCCAGAAGACTGTGGATGG-3' 124
GAPDH NM_002046.7 Reverse 5'-TCAGCTCAGGGATGACCTTG-3'
T ML 001101 5 Forward 5'-CCCTGGAGAAGAGCTACGAG-3' o

Reverse 5-GGAAGGAAGGCTGGAAGAGT-3'
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Figure 1. Comparison of the differentiation of absorbance values
of different doses of CUR-added adipocytes, adipocytes, and
preadipocyte stained with Oil Red O dye method

***p<0.001 in comparison to adipocytes. Data are expressed as
mean=SD

Cur 0.5: Differentiated adipocytes in the presence of 0.5 uM Curcumin
(CUR)

Cur 5: Differentiated adipocytes in the presence of 5 uM Curcumin
(CUR)

Cur 10: Differentiated adipocytes in the presence of 10 uM Curcumin
(CUR)

Cur 20: Differentiated adipocytes in the presence of 20 pM Curcumin
(CUR)

Cur 50: Differentiated adipocytes in the presence of 50 pM Curcumin
(CUR)

5 ppaRy

mRNA fold change
£ e
i

Figure 2. Effects of Curcumin on the expression of C/EBP-a and
PPAR-y genes during the differentiation of preadipocyte to adipocytes
*p<0.05, **p<0.01, **p<0.001 in comparison to adipocytes. Data are
expressed as mean+SD

Cur 0.5: Differentiated adipocytes in the presence of 0.5 uM Curcumin
(CUR)

Cur 5: Differentiated adipocytes in the presence of 5 pM Curcumin
(CUR)

Cur 10: Differentiated adipocytes in the presence of 10 uM Curcumin
(CUR)

Cur 20: Differentiated adipocytes in the presence of 20 uM Curcumin
(CUR)

Cur 50: Differentiated adipocytes in the presence of 50 uM Curcumin
(CUR)

PPAR-y; Peroxisome proliferator-activated receptor gamma
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Figure 3. Adiponectin and Leptin mRNA levels in control adipocytes
and different dose of Curcumin added adipocytes

**p<0.01, ***p<0.001 in comparison to adipocytes. Data are
expressed as mean=SD.

Cur 0.5: Differentiated adipocytes in the presence of 0.5 pM Curcumin
(CUR)

Cur 5: Differentiated adipocytes in the presence of 5 uM Curcumin
(CUR)

Cur 10: Differentiated adipocytes in the presence of 10 uM Curcumin
(CUR)

Cur 20: Differentiated adipocytes in the presence of 20 uM Curcumin
(CUR)

Cur 50: Differentiated adipocytes in the presence of 50 uM Curcumin
(CUR)
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Figure 4. COX2, IL6, TNF-a and NFkB1 mRNA levels in control
adipocytes and different dose of Curcumin added adipocytes
*p<0.05, ***p<0.001 in comparison to adipocytes. Data are expressed
as mean=SD.

Cur 0.5: Differentiated adipocytes in the presence of 0.5 pM Curcumin
(CUR)

Cur 5: Differentiated adipocytes in the presence of 5 yM Curcumin
(CUR)

Cur 10: Differentiated adipocytes in the presence of 10 uM Curcumin
(CUR)

Cur 20: Differentiated adipocytes in the presence of 20 uM Curcumin
(CUR)

Cur 50: Differentiated adipocytes in the presence of 50 uM Curcumin
(CUR)
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Effects of CUR on Angiogenic Proteins

VEGF-A mRNA levels of CUR-added adipocytes significantly
decreased during differentiation in CUR 0.5, CUR 20, and
CUR 50 groups (p<0.01 for CUR 0.5, CUR 20, p<0.001 for
CUR 50) and significantly increased in the CUR 10 group
(p<0.001) in comparison to control adipocytes. VEGF-R1
mRNA levels were significantly increased in all CUR-
treated adipocytes except CUR 50 compared with control
adipocytes (p<0.001). In the CUR 50 group, VEGF-RI mRNA
levels were significantly decreased (p<0.001) (Figure 5).
Elevated VEGF-R2 mRNA levels were found in all CUR
groups except for CUR 5. Statistically significant increase in
gene expression in CUR 0.5 (p<0.05), CUR 10 (p<0.001), CUR
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20 (p<0.01) and CUR 50 (p<0.001) adipocytes compared
with control adipocytes (Figure 5).

Effects of CUR on TRPV-1, UCP-2, and SIRT-1 expression

TRPV-1 mRNA levels changed significantly in all CUR groups
except for CUR 50 compared with control adipocytes
(p<0.001). UCP-2 mRNA levels were significantly decreased
in all CUR groups (p<0.001). SIRT-1 mRNA levels reduction
was only statistically significant in the CUR 0.5 (p<0.01)
and CUR 5 (p<0.05) groups CUR 50 compared with control
adipocytes (Figure 6).
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Figure 5 VEGF-A, VEGF-RI, and VEGF-RII mRNA levels of control adipocytes and different dose of Curcumin added adipocytes
*p<0.05, **p<0.01, ***p<0.001 in comparison to adipocytes. Data are expressed as mean+SD
Cur 0.5: Differentiated adipocytes in the presence of 0.5 uM Curcumin (CUR)

Cur 5: Differentiated adipocytes in the presence of 5 pM Curcumin (CUR)

Cur 10: Differentiated adipocytes in the presence of 10 uM Curcumin (CUR)
Cur 20: Differentiated adipocytes in the presence of 20 uM Curcumin (CUR)
Cur 50: Differentiated adipocytes in the presence of 50 pM Curcumin (CUR)
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Figure 6. TRPV-1, UCP-2, and SIRT-1 mRNA levels of control adipocytes and different dose of Curcumin added adipocytes
p<0.05, **p<0.01, ***p<0.001 in comparison to adipocytes. Data are expressed as mean=SD.

Cur 0.5: Differentiated adipocytes in the presence of 0.5 pM Curcumin (CUR)

Cur 5: Differentiated adipocytes in the presence of 5 uM Curcumin (CUR)

Cur 10: Differentiated adipocytes in the presence of 10 uM Curcumin (CUR)

Cur 20: Differentiated adipocytes in the presence of 20 uM Curcumin (CUR)

Cur 50: Differentiated adipocytes in the presence of 50 uM Curcumin (CUR)
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DISCUSSION

Adipocyte differentiation is an important process in the
identification of adipocytes during the development of
adipogenesis and obesity. Augmented adiposity is a risk
factor for chronic inflammation and related metabolic
disorders. CUR, a natural polyphenol obtained from the
rhizomes of the CUR longa plant, exhibits antioxidant
and anti-inflammatory properties (26,27). CUR also plays
a role as a thermogenic and anti-adipogenesis factor and
suppresses adipocyte differentiation by inhibiting some
regulators in the early stages of adipocyte differentiation
pathways (18,19,24). Therefore, it is important to clarify the
mechanism by which CUR regulates adipose differentiation.
Clarifying the molecular and cellular mechanisms that
regulate adipogenesis and inflammatory factor expression
will help prevent and treat inflammatory diseases, obesity,
insulin resistance, and metabolic syndrome.

In the present study, human adipocytes incubated with
CUR significantly decreased C/EBPa mRNA expression in
a dose-independent manner. Zhao et al. (20) also found
lipid accumulation in doses independent of CUR in 3T3-L1
cells. This result is consistent with the results of our study.
However especially 50 pM CUR treatment lowered PPARy
mRNA expression levels. CUR has been shown to decrease
the expression of C/EBPa and PPARy leading to reduced
lipid accumulation in adipocytes and improved obesity
and hyperlipidemia in patients with metabolic syndrome
(20,21). Additionally, one of the pathways that suppresses
adipocyte differentiation is the inhibition of mRNA levels
of adipogenic transcription factors such as C/EBPa and
PPARy (22,28). CUR inhibits the adipogenic differentiation
of human bone marrow mesenchymal stem cells. This effect
ocCURs by inhibiting C/EBPa and PPARy (29). Our results
are similar to those of recent studies. On the other hand,
PPARy is also associated with SIRT-1 protein expression.
It has been reported that PPARy transactivation activity is
inhibited by the direct or indirect effects of SIRT-1 protein
(30). However, SIRT mRNA levels were not affected by
CUR treatment. This suggests that the effect of PPARy on
adipogenesis differentiation with CUR treatment may be
via a non-transcriptional mechanism, and this result also
indicates that the anti-adipogenic effect of CUR is due
to transition cellular events that CUR in the early stage of
adipocyte differentiation.

CUR was informed to be affected by TRPV1 located in the
intestinal jejunum and in this wise has affected both WAT
and BAT differentiations (25). UCP-2 has now been identified
as an important molecule in metabolic thermogenesis,
such as diet-induced and cold heat production, which
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is an important component of energy expenditure, and
it was also found that its dysfunction contributes to the
development of obesity (11). UCP-2 gene expression is
upregulated by through a prostaglandin/PPARg-mediated
pathway (11). In our study, UCP-2 and TRPV1 mRNA
levels were significantly reduced in adipocytes following
incubation with different concentrations of CUR. This
reduction may be related to cellular lipid accumulation.
According to our CUR knowledge, there are not enough
studies showing the effects of CUR on UCP2 and TRPV1
levels. We demonstrated for the first time that CUR has no
effect on UCP2 expression during adipocyte differentiation.
Mahadik et al. (11) found that obese subjects showed
decreased UCP2 gene expression in adipose tissue. CUR
applied during adipocyte differentiation does not seem
to be effective on TRPV1 levels. This suggests that the
pathways of metabolic thermogenesis and adipogenesis
are not related. The lack of correlation between C/EBPa
and thermogenesis parameters strengthens our hypothesis.
The specific role of adipokine and related pathways in the
inflammatory state is not understood. The inflammation may
be the cause or the inductive effect of adipokine secretion.
It has been reported that CUR has beneficial effects against
obesity-related inflammation (12). Therefore, it is important
to underly the relationship between CUR and inflamed
adipocyte differentiation. CUR prevents inflammation by
modulating proinflammatory cytokines, such as COX-2, IL-6,
and -a and also related pathways, such as NF-kB and PPARy
(9,15,16). A recent study showed that CUR downregulates
the expression of COX-2 and NF-kB and suppresses
inflammation in colistin-induced toxic neuroblastoma-
2a cells (1516). In our study, NF-kB did not change
during adipocyte differentiation, but CUR decreased the
expression of the proinflammatory markers COX-2, TNF-a
and IL-6 mRNA in adipocytes. 50 pM treatment of CUR
seem to be more effective in suppressing inflammation.
This finding suggests that the anti-inflammatory effect of
CUR may be associated with a decrease in PPARy mRNA
levels and that CUR plays no role in suppressing NF-«B.
Leptin and adiponectin are important adipokines for energy
balance and metabolism. There are many confusing results
regarding the levels of leptin and adiponectin in adipocytes
(17). In our study, leptin mRNA levels in adipocytes
decreased with 50 uM CUR administration, whereas
adiponectin mRNA levels decreased significantly with dose-
independent CUR administration. Because both adipokine
are secreted from adipose tissue, their low levels may be
associated with decreased fat accumulation resulting from
CUR in adipocytes. Our results are consistent with those by
Kim et al. (24).
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In this study, it was first concluded that CUR suppresses the
differentiation of human preadipocyte to adipocytes and
decreases the release of proinflammatory cytokines such as
COX-2, TNF-a and IL-6, but it does so by regulating C/EBPa
and PPARy gene expressions outside the NF-kB pathway.
One of our important findings was that CUR effectively
suppressed adipogenic transcription factors and adipocyte
differentiation at all doses between 0.5-50 uM, but showed
its anti-inflammatory effect especially in the application of
CUR of 50 pM, the highest dose in our study.

Study Limitations

We would like to define that this study also has some
limitations. We couldn't determine the protein expression
levels. Also, we could not measure another indicator of lipid
levels as triglyceride levels which is, along with Oil Red O
staining. However, this study is important because it is the
first to investigate that CUR suppresses the differentiation
of human preadipocyte to adipocytes and decreases the
release of proinflammatory cytokines.

CONCLUSION

In conclusion, the inhibitory effect of CUR on adipocyte
differentiation is associated with its anti-inflammatory effect,
and this beneficial effect is more pronounced, especially at
high concentrations.
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Case Report

A Novel Approach in Cerebellar Cystic Pilocytic
Astrocytoma Surgery: Spherical Coordinate System

Serebellar Kistik Pilositik Astrositom Cerrahisinde Yeni Bir Yaklagim: Kiresel
Koordinat Sistemi
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ABSTRACT

Achieving gross total resection is the primary prognostic factor in pilocytic astrocytomas. The spherical coordinate system (SCS) is an alternative
to the Cartesian system for defining a point’s location in space. While the Cartesian system uses X, Y, and Z axes, the SCS utilizes p (distance from
the origin), 6 (the angle with the positive X-axis, 0 to 360 degrees), and ¢ (the angle with the positive Z-axis, 0 to 180 degrees). A 73-year-old female
patient presented with headaches, dizziness, and gait disturbance over the past month, along with nausea and vomiting. She had previously
undergone cerebellar tumor surgery in February 2020, and two years later, similar solid and cystic structures reappeared, suggesting a residual
tumor. In such cases, using the SCS may help reduce remnant tumor rates and minimize the need for secondary operations.

Keywords: Cystic pilocytic astrocytoma, spherical coordinate system

0z

Kiresel koordinat sistemi (KKS), uzayda bir noktanin yerini tanimlamak icin kullanilan alternatif bir yéntemdir. Kartezyen koordinat sisteminde X,
Y ve Z yonleri kullanilirken, KKS'de kullanilan bilesenler p (orijinden olan uzaklik, her zaman sifirdan buytik), 6 (p'nin pozitif X ekseni ile yaptigi agi,
0 ile 360 derece arasinda degisebilir) ve ¢ (p'nin pozitif Z ekseni ile yaptigi agi, 0 ile 180 derece arasinda degisebilir) olarak tanimlanir. Yetmis t¢
yasindaki kadin hasta, son bir aydir bas agrisi, bas dénmesi ve ylirime bozuklugu sikayetleriyle bagvurdu. Bagvuru sirasinda ayrica mide bulantisi
ve kusma sikayetleri de mevcuttu. Hasta, Subat 2020'de serebellar timor ameliyati gegirmisti. Iki yil sonra, ayni solid kitle ve kistik yapilar tekrar

gdzlemlendi. Bu durumda, baslangicta timér kalintisi olabilecedi distintildu. KKS, Kartezyen koordinat sistemi gibi vaka yénetiminde potansiyel
bir alternatif olarak kullanilabilir. Bu yaklagim, timér kalintisi oranlarini ve ikinci operasyon gereksinimini azaltabilir.

Anahtar Kelimeler: Kistik pilositik astrositom, kiresel koordinat sistemi

INTRODUCTION for over a hundred years. Horsley and Clarke introduced
the stereotaxy apparatus, which is a device that combined

Thomas Stromer, quote “measure what can be measured, coordinate systems and anatomy, in 1908 (2). Since many

and make measurable what cannot be measured” attributed revolutionary advances such as stereotactic functional
to Galileo; He simplifies it by saying “measure what needs surgery, stereotactic radiosurgery, and associated biopsy
to be measured” (1). (In the same article, it is stated that this have developed to the present day, these technologies
statement attributed to Galileo is not precise) Advanced have significantly improved patient outcomes. It has
mathematical calculations have been used in medicine provided significant contributions to human life (2-4).
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The dominant prognostic factor in pilocytic astrocytomas
is the performance of gross total resection (5). Mair et al.
(6) showed that the localization of the lesion is critical for
effective tumor resectability.

The spherical coordinate system (SCS) is one of the
alternative methods used to define the location of a point
in space (7). The X, Y, Z directions are used in the Cartesian
coordinate system. In the SCS, p, 6, and ¢ are defined
as follows: p (radial distance) the from the origin , to be
calculated, always greater than zero; 6 (azimuth angle), the
angle of p with the positive X-axis, which can take a value
between 0 and 360 degrees; ¢ (elevation angle or polar
angle), the angle that p makes with the positive Z-axis, which
can take a value between 0 and 180 degrees 7. Our aim
in presenting the case is to calculate the location of the
preoperative solid mass with mathematical accuracy using
a SCS. Our other aim is to present an alternative coordinate
system to the Cartesian system used in stereotaxy.

CASE REPORT

A 73 year-old female patient with headache, dizziness,
and gait disturbance in the last month. At the time of
presentation, there was nausea and vomiting. On physical
examination, she had dysmetria, dysdiadochokinesia and
ataxia. The examination showed an arterial blood pressure
of 120/75 mmHg, a pulse rate of 80/minute, a respiratory
rate of 20 breaths/min, and an axillary temperature of
36.2 °C. She had a Glasgow Coma Scale (GCS) of 15. The
patient was cooperative, with clear consciousness and
oriented to time, place, and person. She did not have any
weakness or neurological deficits. Also, coronary artery
disease and diabetes mellitus were detected in anamnesis.
The patient was comprehensively informed about the
surgical procedure and its associated risks, and informed
consent was obtained from the patient.

Surgical History

The patient had surgery for a cerebellar tumor in the second
month of 2020 (Figure 1A,B). The previous pathology report
indicated that there was no tumor tissue. The same solid
mass and cystic structures were observed after two years. In
this case, firstly, the total impression of the remnant tumor
was considered (Figure 1C,D).

Preoperative Calculations with Imaging and Spherical
Coordinate System

The patient’s cerebellar cystic space-occupying lesion
resembles a sphere. The cerebellar cystic lesion was
considered to be spherical, and an attempt was made
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to reach the solid lesion. With the help of the SCS, the
coordinates of the solid lesion were calculated according
to the point designated as the center of the sphere. The
distance of the solid lesion to the center of the cyst; That
is, the "p"” value, was approximately 12 mm (Figure 2A). The
angle of the solid lesion with the x-axis of the cyst, that is,
the 0 value, was calculated between 300° and 346° (Figure
2B). The angle of the solid lesion with the z-axis of the cyst,
that is, the ¢ value was calculated between 97° and 144°
(Figure 2C). The coordinates of the patient’s solid lesion
were calculated as 1, 81- 62, ¢1- ¢$2 values according to the
accepted center of the cyst: 12 mm, 300°-346°, 97°-144°.

Surgical Technique

The surgery was started with precise calculations in the
pre-operative stage. The tumor was completely resected
in approximately 70 minutes. The patient was taken to
the intensive care unit in the early post-operative stage.
However, the patient's GCS decreased to 12 after 2 hours.
Control brain tomography shows cerebellar edema and
mild brainstem compression. The patient was started on
600 mg mannitol. After medical treatment, the patient’s
GCS rose again to 15 on the postoperative second day.
Mannitol treatment was terminated after gradually reducing
the dose. The patient was taken to the service on the 5"
postoperative day. On the 15" postoperative day, the
patient was discharged with full recovery. The reason the
patient is monitored for such a long time is the imbalance in
blood pressure and glucose levels. In this process, necessary
branch consultations were conducted.

Postoperative control brain magnetic resonance imaging
(MRI) examinations of the patient showed that the total
tumor resection was successful and the cyst had disappeared
(Figure 3A). Pilocytic astrocytoma, WHO grade 1 was
detected in histopathological examination (Figure 3B).

A neoplastic proliferation with a rich capillary vascular

network within the cerebellum was remarkable in
hematoxylin-eosin sections. This lesion had no distinctive
capsule structure but was well demarcated. Neoplastic cells
were clear, polygonal or rounded, with abundant cytoplasm
and revealed no prominent nucleoli (Figure 3 B1,B2). These
neoplastic cells were positive for glial fibrillary acidic protein
(Figure 3 B3), S100, and ATRX and negative for OLIG-2
and Neu-N. The proliferation index was about 1-2% as
determined with the marker Ki67 (not shown). When clinical,
radiological, and histopathological findings were evaluated
together, the case was diagnosed as pilocytic astrocytoma/

WHO grade 1.
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Figure 1. (A) Preoperative magnetic resonance imaging (MRI) images of the case are viewed in the 2"® month of 2020. (B) two months post
operative MRl images showed the solid mass and cyst of the lesion after the first surgery

Figure 2. A: The distance of the solid lesion to the tumor center was calculated in contrast-enhanced MRI. B2: in contrast-enhanced axial sections,
"0" values of solid tumor were calculated according to the accepted center of the cyst. C2: in contrast-enhanced coronal sections, ¢ values of
solid tumor were calculated relative to the accepted center of the cyst
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Figure 3. (A1-A2) In contrast-enhanced (A1) and sagittal sections (A2) taken postoperatively, it is observed that the tumor and cyst have completely
disappeared. (B1-B2) well circumscribed neoplastic lesion with polygonal-rounded cells with abundant cytoplasm and a rich capillary vascular
network (H&E, digitally scanned) (B3) neoplastic cells were positive for GFAP (digitally scanned)

GFAP; Glial fibrillary acidic protein

DISCUSSION

As far as we could detect, the finding of tumor localization
using the SCS was reported in the literature for the first
time. The SCS can also be used as an alternative in
case management, just like the Cartesian coordinate
system. This may reduce the rates of remnant tumors
and secondary operations. This case report provides
a foundation for a more in-depth study of SCS and its
clinical outcomes.

However, a study in the engineering literature shows Cheng
joint rotations with an SCS (8).

Techniques such as intraoperative MRI are available to
guide surgeons during surgery (9). Several techniques
are beneficial during surgery, depending on the
pathology of the tumor, such as intraoperative ultrasound

navigation, 5-aminolevulinic acid, and Fluorescein Na,
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and intraoperative computed tomography (10). The
mathematical calculations that we used to find the tumor’s
address can potentially be used alone or in combination
with the techniques we mentioned above (Figure 2).

After reaching the cyst, we were able to immediately locate the
solid tumor, whose spherical coordinates we calculated. We
completely removed the solid lesion by circumferential excision.
It can be simplified in an illustration to make the mathematical
calculations easier (Figure 4). A cystic sphere can be divided
into 8 chambers. The locations of these chambers can be
evaluated with MRI. Sphere-like cyst: 8 chambers as superior-
lateral-posterior,  superior-lateral-anterior,  inferior-lateral-
posterior, inferior-lateral-anterior, superior-medial-posterior,
superior-medial-anterior,  inferior-medial-posterior, inferior-
medial-anterior are separable. Solid mass was calculated
in the inferior, lateral, and posterior chambers of the cyst
(Figures 2A, 4A). Cystic cerebellar hemangioblastomas that may
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A

U

Superior, medial, anterior

Superior, medial, posterior

Inferior, medial. posterior

Inferior, medial, anterior

MATHEMATICAL
ADDRESS OF
THE TUMOR

Superior, lateral. anterior

Superior, lateral, posterior

Inferior, lateral,

posterior

Figure 4. (A) Posterior view of the spherical coordinate system. (B) The division of a sphere into 8 chambers is shown to simplify the spherical
coordinate system. In our opinion, the solid mass was inferior, lateral and posterior to the globe. (Figure 2A) (Since the mass is in the right
cerebellum, the drawing was drawn in the prone position with posterior view, and in the natural anatomical position for the right side cerebellum)

have similar radiological characteristics due to remnant tumors
have been reported in literature (11). The mathematical system
we used could be useful in locating tumors. It can reduce the
amount of residual and remnant tissue.

Study Limitations

Our study has some limitations, and it progresses by initially
accepting the cyst as a sphere. We are aware that the cyst is
not a complete sphere. Since the cyst was not a complete
sphere, the coordinates of the solid mass were calculated
approximately. However, even this calculation was sufficient
to locate the tumor. The presented study is based on a
single case, limiting the generalizability of findings. A
broader patient cohort would be necessary to validate
the consistency and efficacy of the SCS approach across
different anatomical variations.

CONCLUSION

The article lacks a comparative analysis with traditional
stereotactic methods. A comparative study would provide a

clearer understanding of the advantages and disadvantages
of the SCS in contrast to existing techniques.
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