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Abstract 

Aim: Myelinization has a critical role in achieving rapid synchronization between the neural system and high-grade cognitive functions. 

Because of this critical role, it is important to quantitatively determine the degree of myelination. Today, structural changes due to 

myelination can be evaluated quantitatively by diffusion magnetic resonance imaging (MRI) and apparent diffusion coefficient (ADC) 

measurements. The aim of this study was to evaluate myelination-related changes in different regions of the brain during infancy and 

childhood in the normal population by measuring ADC values in routine MRI examinations. 

Methods: In this cross-sectional study, 109 patients aged 0-17 years who underwent brain MRI examination with 3.0T device and whose 

myelination and maturation were interpreted as normal in conventional sequences were evaluated. In all examinations, ADC maps from 

30 different locations were evaluated and measured in the workstation based on T2-weighted images. 

Results: There is a functional relationship between ADC values and the myelination process during infancy and childhood in the normal 

population. ADC values decrease in all localizations with increasing age, especially during the first 2 years. During the postnatal period, 

ADC values, which are higher in the white matter, decrease as maturation of white matter is completed and increase in the cortical gray 

matter. No significant difference was found between bilateral structures except the thalamus, caudate nucleus or centrum semiovale 

regions. There was no gender-dependent significant difference in the patients aged between zero and 2 years.  

Conclusion: ADC values for each localization can be easily obtained by diffusion weighted imaging and ADC maps, which are 

frequently used in routine MRI examinations. The relationship between ADC values and myelination process can be revealed in the 

whole brain and normative values can be obtained for multiple regions in the brain.  

Keywords: Myelination, Diffusion weighted imaging, Magnetic resonance imaging, Apparent diffusion coefficient 

 

Öz 

Amaç: Nöral sistem arasında hızlı senkronizasyonun gerçekleşmesinde ve yüksek dereceli bilişsel fonksiyonların sağlanmasında 

myelinizasyonun kritik bir yeri vardır. Bu kritik rolü nedeniyle myelinizasyonun derecesini kantitatif olarak belirlemek çok önemlidir. 

Günümüzde difüzyon manyetik rezonans görüntüleme (MRG) ve görünür difüzyon katsayısı (ADC) ölçümleri ile myelinizasyona bağlı 

oluşan yapısal değişiklikler kantitatif olarak değerlendirilebilir. Çalışmamızın amacı normal popülasyonda bebeklik ve çocukluk çağında 

beynin farklı bölgelerinde miyelinizasyonla ilişkili değişikliklerin rutin MRG incelemelerinde ADC değerleri ölçülerek 

değerlendirilmesidir. 

Yöntemler: Bu kesitsel çalışmada, 3.0T cihaz ile beyin MRG incelemesi yapılan ve miyelinizasyonu ve maturasyonu konvansiyonel 

sekanslarda normal olarak yorumlanan yaşları 0-17 arasındaki 109 hasta değerlendirildi. Tüm incelemelerde T2 ağırlıklı görüntüler baz 

alınarak 30 farklı lokalizasyondan ADC haritaları iş istasyonunda değerlendirilerek ölçüm yapıldı. 

Bulgular: Normal populasyonda bebeklik ve çocukluk çağında miyelinizasyon süreci ve ADC değerleri arasında fonksiyonel bir ilişki 

bulunmaktadır. Yaş arttıkça ADC değerleri ilk 2 yaşta daha belirgin olmak üzere tüm lokalizasyonlarda azalmaktadır. Postnatal süreçte 

beyaz cevherde daha yüksek olan ADC değerleri beyaz cevher maturasyonu tamamlandıkça azalmakta ve kortikal gri cevherde daha 

yüksek hale gelmektedir. Talamus, kaudat nükleus ve santral sentrum semiovale dışında her iki hemisferde karşılıklı yapılarda anlamlı 

farklılık bulunmamıştır. Yapılan karşılaştırmada 0 ile 2 yaş arasındaki hastalarda cinsiyete bağlı anlamlı bir fark yoktu.  

Sonuç: Beyin MRG incelemelerinde rutin pratikte sıklıkla kullanılan difüzyon ağırlıklı görüntüleme ve ADC haritaları ile her bir 

lokalizasyon için ADC değerleri kolayca elde edilebilmektedir. Böylelikle ADC değerleri ile miyelinizasyon süreci ilişkisi tüm beyinde 

ortaya konabilmekte ve beyinde multipl bölge için normatif değerler elde edilebilmektedir. 

Anahtar kelimeler: Miyelinizasyon, Difüzyon ağırlıklı görüntüleme, Manyetik rezonans görüntüleme, Görünür difüzyon katsayısı 
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Introduction 

Myelination is an extremely sensitive and multi-staged 

process that begins in fetal life and is largely completed during 

the 2
nd

 postnatal year. While some structures complete their 

maturation process in the initial stages of fetal development, 

others may remain incompletely myelinated until the 3
rd

 and 4
th

 

decades of life [1,2]. 

Brain myelination maturation extends from the inferior 

to the superior, from the central to the peripheral, and from the 

posterior to the anterior regions. For example, the brainstem is 

myelinated before the cerebellar hemispheres, the posterior limb 

of the internal capsule before the anterior limb and deep 

periventricular white matter before subcortical U fibers [3,4]. 

There is no improved technique for directly visualizing 

myelin structure. Myelin can only be evaluated qualitatively [5]. 

Commonly used magnetic resonance (MR) techniques include 

conventional anatomic imaging, i.e., T1-weighted and T2-

weighted sequences, as well as MR spectroscopy and diffusion 

tensor imaging (DTI). Nowadays, standard magnetic resonance 

imaging (MRI) techniques are not particularly capable of 

determining the amount of myelin. Instead, these techniques 

evaluate changes in axonal size and density, membrane structure 

including lipid and protein content, and a combination of water 

and macromolecule content [5,6]. 

Diffusion-weighted imaging is sensitive to the 

movement of water molecules. It is frequently used with 

advantages such as image acquisition in brief time and no need 

for contrast material. Diffusion weighted images are evaluated 

together with apparent diffusion coefficient (ADC) maps and 

quantitative measurement of diffusion coefficient can be 

performed [7,8]. 

In our study, mean ADC values during the myelination 

process at each localization for each age group were determined 

by measurement of ADC values from 30 different localizations 

of the brains of children with normal cranial MRI findings, and 

ADC changes during myelination between the two hemispheres 

and the two genders were comparatively analyzed. The aim of 

our study is to contribute to the development of reference values 

for intracranial pathologies that lead to ADC changes but do not 

show signs in conventional sequences.  

Materials and methods 

The cranial MRI results of 109 patients who were 

referred to the Radiology Department of Dicle University, 

Faculty of Medicine with complaints of headache, nausea, 

convulsion and a prediagnosis of intracranial mass between 

December 2014-January 2018 were evaluated retrospectively by 

two neuroradiologists. Patients with pathological cranial MRIs or 

those not fit for evaluation due to artefacts were excluded. 50 

males and 59 females between the ages of 0-17 years were 

included in our study.  

MRI protocol 

All cranial MRI examinations were performed with a 

3.0 Tesla MRI device (Achieva, Philips Medical systems, Best, 

the Netherlands) using an 8-channel cranial coil and images were 

evaluated at the Philips Extended MR Workspace workstation. 

MRI protocol routinely used for brain imaging in our hospital 

includes T2-weighted TSE (turbo spin-echo) sequences in the 

axial and sagittal plane, FLAIR sequence (fluid-attenuated-

inversion-recovery) and axial T1-weighted SE (Spin echo) 

sequences. 

Evaluation method 

Diffusion weighted images of the areas to be examined 

on routine MRI images were analyzed at the Philips Extended 

MR Workspace workstation. Basing on T2-weighted images, 

ROI was carefully placed in oval, round, or rectangular shape in 

the areas to be examined by cross-linking on ‘b=0’ images, 

which are better than the other maps in revealing anatomical 

detail. The minimum and maximum sizes of placed ROI 

according to the localization were 6 mm
2
 and 300 mm

2
, 

respectively. For each patient, the mean ADC values, standard 

deviation, minimum and maximum ADC values  (x10
-3

 mm
2
/sec) 

in these areas were manually calculated on ADC maps (Figure 

1). 

Patients were divided into 10 groups according to age. 

Mean values in all localizations, distribution of mean values 

according to age, differences between males and females, 

differences between the right and left hemisphere of the brain at 

the same localization were calculated for each group. 

Statistical analysis 

ADC values were measured separately for each 

localization. To determine age-dependent changes, mean ADC 

values were calculated for each group at each location. 

Individuals were divided into subgroups depending on age range 

(0-3 months, 3-6 months, 6-12 months, 12-24 months, 24-36 

months, 3-5 years, 5-8 years, 8-11 years, 11-14 years and 14 

years) and age-dependent changes were calculated with 95% 

reliability.  

Wilcoxon signed rank test was used to compare the 

same regions in both hemispheres and white matter, cortical gray 

matter and deep gray matter. In order to compare gender-

dependent differences in gray and white matter, individuals were 

divided into two groups: 0-2 years and 2-17 years. Mann 

Whitney U test was used to evaluate gender-dependent 

differences between the same localizations. 

Results 

ADC values in infants and children decrease in all 30 

regions as age increases, especially during the first year. For 

example, the mean ADC value for the right lentiform nucleus 

(Region 5) in the youngest age group (0-3 months) was 0.971 x 

10
-3

 mm
2
/sec, which decreased to 0.850 x 10

-3
 mm

2
/sec between 

6-12 months and 0.707 x 10
-3

 mm
2
/sec in the oldest age group 

(14-17 years) (Figure 2). In the left frontal white matter (Region 

14), the mean ADC value was 1.275 x 10
-3

 mm
2
/sec in the 

youngest age group (0-3 months), 1.057 x 10
-3

 mm
2
/sec in the 6-

12 month range, and 0.752 x 10
-3

 mm
2
/sec in the 14-17 year-old 

group (Figure 3). For the left occipital cortex (Region 10), the 

mean ADC value in the 0-3 month-old group was 1.080 x 10
-3

 

mm
2
/sec, 0.885x 10

-3
 mm

2
/sec between 6-12 months and 0.793 x 

10
-3

 mm
2
/sec in the oldest age group (Figure 4). The mean ADC 

values and standard deviations by age groups for each 

localization are listed in Tables 1-4.  
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Figure 1: Localizations of ADC measurement 

 
Figure 2: Mean age-dependent ADC values in right lentiform nucleus 
 

 
 Figure 3: Age-dependent mean ADC values in left frontal white matter 
 

 
Figure 4: Age-dependent mean ADC values in left occipital cortex  
 

Table 1: Cerebellum: ADC values with respect to age groups in middle cerebellar peduncle 

and hemispheres (Region 23-26) 
 

23 (Right middle cerebellar peduncle) 24 (Left middle cerebellar peduncle) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 0.93 (0.05) 0-3 Months 8 0.91 (0.07) 

3-6 Months  9 0.80 (0.05) 3-6 Months  9 0.78 (0.06) 

6-12 Months 11 0.78 (0.04) 6-12 Months 11 0.77 (0.05) 

12-24 Months  10 0.77 (0.07) 12-24 Months  10 0.75 (0.04) 

24-36 Months 12 0.75 (0.05) 24-36 Months 12 0.73 (0.06) 

3-5 Years 11 0.70 (0.05) 3-5 Years 11 0.69 (0.03) 

5-8 Years  12 0.71 (0.04) 5-8 Years  12 0.71 (0.04) 

8-11 Years 12 0.68 (0.05) 8-11 Years 12 0.70 (0.04) 

12-14 Years 12 0.70 (0.04) 12-14 Years 12 0.69 (0.05) 

14-17 Years  12 0.68 (0.03) 14-17 Years  12 0.67 (0.03) 

25 (Right cerebellar cortex) 26 (Left cerebellar cortex) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 0.87 (0.12) 0-3 Months 8 0.88 (0.14) 

3-6 Months  9 0.75 (0.07) 3-6 Months  9 0.76 (0.09) 

6-12 Months 11 0.73 (0.02) 6-12 Months 11 0.75 (0.04) 

12-24 Months  10 0.72 (0.05) 12-24 Months  10 0.73 (0.05) 

24-36 Months 12 0.72 (0.04) 24-36 Months 12 0.70 (0.03) 

3-5 Years 11 0.69 (0.02) 3-5 Years 11 0.67 (0.03) 

5-8 Years  12 0.68 (0.02) 5-8 Years  12 0.68 (0.03) 

8-11 Years 12 0.65 (0.02) 8-11 Years 12 0.65 (0.02) 

12-14 Years 12 0.68 (0.03) 12-14 Years 12 0.65 (0.02) 

14-17 Years  12 0.65 (0.02) 14-17 Years  12 0.64 (0.03) 
 

N: number of patients, SD: standard deviation 
 

Table 2: Deep Gray Matter and Brain Stem: ADC values with respect to age groups at levels 

of thalamus, caudate and lentiform nuclei and amygdala, mesencephalon and pons (region 1-

6, 27-30)  
 

1 (Right thalamus) 2 (Left thalamus) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 0.92 (0.08) 0-3 Months 8 0.93 (0.09) 

3-6 Months  9 0.87 (0.07) 3-6 Months  9 0.84 (0.05) 

6-12 Months 11 0.82 (0.02) 6-12 Months 11 0.81 (0.03) 

12-24 Months  10 0.83 (0.03) 12-24 Months  10 0.82 (0.02) 

24-36 Months 12 0.82 (0.09) 24-36 Months 12 0.79 (0.10) 

3-5 Years 11 0.77 (0.03) 3-5 Years 11 0.76 (0.03) 

5-8 Years  12 0.78 (0.04) 5-8 Years  12 0.77 (0.04) 

8-11 Years 12 0.72 (0.03) 8-11 Years 12 0.70 (0.04) 

12-14 Years 12 0.75 (0.02) 12-14 Years 12 0.74 (0.01) 

14-17 Years  12 0.71 (0.03) 14-17 Years  12 0.71 (0.03) 

 3 (Right caudate nucleus) 4 (Left caudate nucleus) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.03 (0.12) 0-3 Months 8 1.01 (0.12) 

3-6 Months  9 0.95 (0.06) 3-6 Months  9 0.93 (0.07) 

6-12 Months 11 0.87 (0.06) 6-12 Months 11 0.86 (0.08) 

12-24 Months  10 0.85 (0.04) 12-24 Months  10 0.85 (0.04) 

24-36 Months 12 0.82 (0.08) 24-36 Months 12 0.81 (0.11) 

3-5 Years 11 0.80 (0.04) 3-5 Years 11 0.79 (0.04) 

5-8 Years  12 0.78 (0.03) 5-8 Years  12 0.78 (0.04) 

8-11 Years 12 0.76 (0.02) 8-11 Years 12 0.75 (0.03) 

12-14 Years 12 0.74 (0.02) 12-14 Years 12 0.73 (0.02) 

14-17 Years  12 0.71 (0.03) 14-17 Years  12 0.70 (0.03) 

5 (Right lentiform nucleus) 6 (Left lentiform nucleus) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 0.97 (0.09) 0-3 Months 8 0.97 (0.11) 

3-6 Months  9 0.89 (0.05) 3-6 Months  9 0.90 (0.05) 

6-12 Months 11 0.85 (0.06) 6-12 Months 11 0.85 (0.09) 

12-24 Months  10 0.82 (0.03) 12-24 Months  10 0.81 (0.04) 

24-36 Months 12 0.78 (0.04) 24-36 Months 12 0.77 (0.07) 

3-5 Years 11 0.75 (0.05) 3-5 Years 11 0.74 (0.04) 

5-8 Years  12 0.76 (0.02) 5-8 Years  12 0.75 (0.04) 

8-11 Years 12 0.74 (0.03) 8-11 Years 12 0.72 (0.04) 

12-14 Years 12 0.73 (0.02) 12-14 Years 12 0.73 (0.02) 

14-17 Years  12 0.70 (0.02) 14-17 Years  12 0.70 (0.03) 

29 (Right amygdala) 30 (Left amygdala) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.15 (0.12) 0-3 Months 8 1.08 (0.41) 

3-6 Months  9 0.97 (0.02) 3-6 Months  9 0.97 (0.03) 

6-12 Months 11 0.96 (0.09) 6-12 Months 11 0.95 (0.06) 

12-24 Months  10 0.91 (0.03) 12-24 Months  10 0.89 (0.05) 

24-36 Months 12 0.87 (0.06) 24-36 Months 12 0.83 (0.06) 

3-5 Years 11 0.83 (0.04) 3-5 Years 11 0.83 (0.05) 

5-8 Years  12 0.85 (0.05) 5-8 Years  12 0.85 (0.06) 

8-11 Years 12 0.83 (0.04) 8-11 Years 12 0.83 (0.03) 

12-14 Years 12 0.83 (0.03) 12-14 Years 12 0.80 (0.03) 

14-17 Years  12 0.80 (0.03) 14-17 Years  12 0.81 (0.03) 

27 (Mesencephalon) 28 (Pons) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 0.91 (0.07) 0-3 Months 8 0.89 (0.10) 

3-6 Months  9 0.90 (0.05) 3-6 Months  9 0.80 (0.03) 

6-12 Months 11 0.87 (0.03) 6-12 Months 11 0.76 (0.02) 

12-24 Months  10 0.82 (0.05) 12-24 Months  10 0.76 (0.06) 

24-36 Months 12 0.78 (0.05) 24-36 Months 12 0.72 (0.04) 

3-5 Years 11 0.79 (0.04) 3-5 Years 11 0.71 (0.07) 

5-8 Years  12 0.76 (0.08) 5-8 Years  12 0.70 (0.07) 

8-11 Years 12 0.74 (0.04) 8-11 Years 12 0.67 (0.05) 

12-14 Years 12 0.73 (0.03) 12-14 Years 12 0.67 (0.03) 

14-17 Years  12 0.69 (0.05) 14-17 Years  12 0.65 (0.03) 
 

N: number of patients, SD: standard deviation 
 

Table 3: Cortical Gray Matter: ADC values with respect to age groups at levels of frontal and 

occipital gray matter (regions 7, 8, 9, 10) 
 

7 (Right frontal cortex) 8 (Left frontal cortex) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.06 (0.08) 0-3 Months 8 1.09 (0.08) 

3-6 Months  9 1.02 (0.05) 3-6 Months  9 1.0 (0.06) 

6-12 Months 11 0.96 (0.03) 6-12 Months 11 0.97 (0.03) 

12-24 Months  10 0.92 (0.05) 12-24 Months  10 0.92 (0.04) 

24-36 Months 12 0.90 (0.09) 24-36 Months 12 0.91 (0.07) 

3-5 Years 11 0.88 (0.03) 3-5 Years 11 0.88 (0.05) 

5-8 Years  12 0.87 (0.03) 5-8 Years  12 0.87 (0.03) 

8-11 Years 12 0.87 (0.03) 8-11 Years 12 0.87 (0.02) 

12-14 Years 12 0.86 (0.02) 12-14 Years 12 0.86 (0.02) 

14-17 Years  12 0.85 (0.02) 14-17 Years  12 0.86 (0.04) 

9 (Right occipital cortex)  10 (Left occipital cortex) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.06 (0.09) 0-3 Months 8 1.08 (0.13) 

3-6 Months  9 0.92 (0.06) 3-6 Months  9 0.96 (0.07) 

6-12 Months 11 0.88 (0.04) 6-12 Months 11 0.88 (0.04) 

12-24 Months  10 0.87 (0.04) 12-24 Months  10 0.86 (0.04) 

24-36 Months 12 0.84 (0.04) 24-36 Months 12 0.84 (0.03) 

3-5 Years 11 0.83 (0.05) 3-5 Years 11 0.83 (0.05) 

5-8 Years  12 0.83 (0.03) 5-8 Years  12 0.82 (0.03) 

8-11 Years 12 0.82 (0.03) 8-11 Years 12 0.78 (0.4) 

12-14 Years 12 0.82 (0.03) 12-14 Years 12 0.80 (0.3) 

14-17 Years  12 0.80 (0.04) 14-17 Years  12 0.79 (0.03) 
 

N: number of patients, SD: standard deviation 
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Table 4: Deep white matter, white matter: Frontal and peritrigonal white matter and centrum 

semiovale (regions 13-22). 
 

11 (Corpus callosum genu) 12 (Corpus callosum splenium) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.17 (0.12) 0-3 Months 8 1.13 (0.12) 

3-6 Months  9 1.10 (0.13) 3-6 Months  9 1.05 (0.12) 

6-12 Months 11 1.00 (0.11) 6-12 Months 11 0.90 (0.13) 

12-24 Months  10 0.84 (0.05) 12-24 Months  10 0.82 (0.06) 

24-36 Months 12 0.83 (0.04) 24-36 Months 12 0.76 (0.09) 

3-5 Years 11 0.78 (0.06) 3-5 Years 11 0.78 (0.06) 

5-8 Years  12 0.79 (0.05) 5-8 Years  12 0.77 (0.07) 

8-11 Years 12 0.76 (0.07) 8-11 Years 12 0.74 (0.11) 

12-14 Years 12 0.75 (0.04) 12-14 Years 12 0.75 (0.06) 

14-17 Years  12 0.75 (0.06) 14-17 Years  12 0.74 (0.03) 

13 (Right frontal white matter) 14 (Left frontal white matter) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.26 (0.23) 0-3 Months 8 1.27 (0.24) 

3-6 Months  9 1.10 (0.04) 3-6 Months  9 1.08 (0.04) 

6-12 Months 11 1.07 (0.07) 6-12 Months 11 1.05 (0.07) 

12-24 Months  10 0.95 (0.03) 12-24 Months  10 0.95 (0.02) 

24-36 Months 12 0.89 (0.04) 24-36 Months 12 0.88 (0.06) 

3-5 Years 11 0.84 (0.03) 3-5 Years 11 0.84 (0.03) 

5-8 Years  12 0.79 (0.04) 5-8 Years  12 0.80 (0.04) 

8-11 Years 12 0.78 (0.04) 8-11 Years 12 0.79 (0.03) 

12-14 Years 12 0.77 (0.05) 12-14 Years 12 0.78 (0.04) 

14-17 Years  12 0.75 (0.03) 14-17 Years  12 0.75 (0.02) 

15 (Right occipital white matter) 16 (Left occipital white matter) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.25 (0.21) 0-3 Months 8 1.26 (0.23) 

3-6 Months  9 1.13 (0.04) 3-6 Months  9 1.12 (0.08) 

6-12 Months 11 1.13 (0.11) 6-12 Months 11 1.13 (0.09) 

12-24 Months  10 0.98 (0.07) 12-24 Months  10 0.97 (0.27) 

24-36 Months 12 0.92 (0.09) 24-36 Months 12 0.90 (0.08) 

3-5 Years 11 0.86 (0.04) 3-5 Years 11 0.86 (0.03) 

5-8 Years  12 0.85 (0.06) 5-8 Years  12 0.86 (0.07) 

8-11 Years 12 0.81 (0.04) 8-11 Years 12 0.83 (0.05) 

12-14 Years 12 0.81 (0.04) 12-14 Years 12 0.81 (0.04) 

14-17 Years  12 0.79 (0.03) 14-17 Years  12 0.81 (0.03) 

17 (Right frontal centrum semiovale) 18 (Left frontal centrum semiovale) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.17 (0.06) 0-3 Months 8 1.15 (0.20) 

3-6 Months  9 1.06 (0.07) 3-6 Months  9 1.03 (0.08) 

6-12 Months 11 1.01 (0.04) 6-12 Months 11 1.00 (0.05) 

12-24 Months  10 0.88 (0.05) 12-24 Months  10 0.89 (0.07) 

24-36 Months 12 0.82 (0.02) 24-36 Months 12 0.82 (0.02) 

3-5 Years 11 0.78 (0.04) 3-5 Years 11 0.79 (0.04) 

5-8 Years  12 0.77 (0.04) 5-8 Years  12 0.77 (0.05) 

8-11 Years 12 0.74 (0.03) 8-11 Years 12 0.73 (0.02) 

12-14 Years 12 0.74 (0.03) 12-14 Years 12 0.74 (0.02) 

14-17 Years  12 0.71 (0.03) 14-17 Years  12 0.70 (0.03) 

19 (Right central centrum semiovale) 20 (Left central centrum semiovale) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.15 (0.20) 0-3 Months 8 1.12 (0.16) 

3-6 Months  9     3-6 Months  9 1.02 (0.09) 

6-12 Months 11 0.98 (0.07) 6-12 Months 11 0.97 (0.09) 

12-24 Months  10 0.85 (0.05) 12-24 Months  10 0.84 (0.04) 

24-36 Months 12 0.82 (0.02) 24-36 Months 12 0.81 (0.03) 

3-5 Years 11 0.76 (0.05) 3-5 Years 11 0.74 (0.05) 

5-8 Years  12 0.77 (0.05) 5-8 Years  12 0.77 (0.08) 

8-11 Years 12 0.73 (0.06) 8-11 Years 12 0.72 (0.04) 

12-14 Years 12 0.74 (0.04) 12-14 Years 12 0.73 (0.04) 

14-17 Years  12 0.69 (0.04) 14-17 Years  12 0.65 (0.05) 

21 (Right posterior centrum semiovale) 22 (Left posterior centrum semiovale) 

Age group  N Mean (SD) Age group  N Mean (SD) 

0-3 Months 8 1.17 (0.22) 0-3 Months 8 1.16 (0.20) 

3-6 Months  9 1.02 (0.05) 3-6 Months  9 1.00 (0.06) 

6-12 Months 11 1.00 (0.07) 6-12 Months 11 1.03 (0.10) 

12-24 Months  10 0.92 (0.06) 12-24 Months  10 0.89 (0.07) 

24-36 Months 12 0.86 (0.05) 24-36 Months 12 0.84 (0.05) 

3-5 Years 11 0.79 (0.05) 3-5 Years 11 0.79 (0.05) 

5-8 Years  12 0.80 (0.05) 5-8 Years  12 0.82 (0.08) 

8-11 Years 12 0.77 (0.06) 8-11 Years 12 0.75 (0.04) 

12-14 Years 12 0.76 (0.03) 12-14 Years 12 0.77 (0.03) 

14-17 Years  12 0.72 (0.02) 14-17 Years  12 0.72 (0.03) 
 

N: number of patients, SD: standard deviation 
 

Table 5: Comparison of ADC values at different localizations in both age groups (x10-3 

mm2/sn 
 

 

0-2 Years  2-17 Years  

 

DGM WM CGM DGM WM CGM 

N 38 38 38 71 71 71 

Minimum 0.77 0.87 0.84 0.67 0.71 0.7 

Maximum 1.18 1.51 1.22 1.04 0.94 1.03 

Mean 0.8832 1.0459 0.9514 0.7563 0.7912 0.8022 

SD 0.08083 0.13897 0.09442 0.05058 0.05331 0.04903 
 

N: Number of patients, DGM: Deep Gray Matter, WM: White matter, CGM: Cortical Gray Matter, SD: 

Standard Deviation  
 

The mean ADC values of white matter and gray matter 

were compared after all patients were divided into two subgroups 

according to age (0-2 years and 2-17 years). 

Significant differences were found between all matched 

comparisons between white matter, cortical and deep gray matter 

in both age groups (P<0.001). Descriptive analytic results are 

presented in Table 5. There was a significant difference in all 

matched regions (P<0.001). 

We analyzed the age-dependent distribution of ADC 

values in both subgroups (0-2 and 2-17 years). The mean ADC 

values of 0 to 2-year-old males and females were similar 

(P=0.645). There were no gender-related differences in any 

localization for this group. Mann-Whitney U test revealed 

distorted age distribution in the older age group, and no 

comparisons could be made. 

When comparing the paired regions in both 

hemispheres, significant differences were detected between 

caudate nucleus (P=0.042) and central centrum semiovale 

(P=0.02). No significant differences were found in other 

matched regions.  
 

Discussion 

Until myelination is completed, ADC values decrease, 

especially during the first 2 years [9,10]. Changes in ADC values 

in response to structural adjustments due to increased anisotropy 

during cerebral development provide an objective, investigator-

independent measurement of signal intensity. This decrease in 

ADC values is multifactorial due to the decrease in the total 

amount of water and the increase in lipid and macromolecules 

[11,12]. In addition, the increase in perfusion after birth as 

defined by Kehrer et al. [13] may also help explain changes in 

ADC values . 

In their study performed on prenatal healthy children by 

obtaining measurements from 10 different localizations, Han et 

al.’s [14] results show similarities with our postnatal 

measurements. Accordingly, the supratentorial region had higher 

ADC values than the infratentorial region and the highest ADC 

values were observed in the frontal white matter, followed by 

occipital white matter. 

The comparison of mean ADC values of white, cortical, 

and deep gray matter performed by Bültmann et al. [15] revealed 

comparable results to our study. They have found a significant 

difference between the structures compared. We found that ADC 

values were highest in supratentorial white matter after birth and 

higher than that in the gray matter, and cortical gray matter had 

the highest values after myelination and maturation of the brain. 

The significant difference they found in peritrigonal white matter 

between both hemispheres was not detected in our study, which 

can be explained by the fact that this region, called the terminal 

zone, is sensitive to differences in ROI positioning. In our study, 

the difference in the centrum semiovale and the caudate nucleus 

can be explained by the small differences in the standardization 

of ROI and the proximity of the caudate nucleus to the CSF. 

Our findings are similar to the those of the study 

performed by Schneider et al. [16], in which they measured ADC 

values at 9 different sites in normal intrauterine fetuses (mean 

gestational age: 31 (3) weeks). Their values were higher than our 

postnatal results, but this can be explained by the decrease in 

ADC values as myelination increases. In addition, the 

researchers have been able to show that the brain stem, thalamus, 

and cerebellum have lower ADC values, which shows signs of 

earlier maturation with regards to the hypothesis of myelination 

occurring from the caudal towards the cranial areas. In our study, 

the postnatal ADC values in the brainstem and infratentorial 

structures were lower than the structures located cranially.  

Schneider et al. [16] paid attention to the centrum 

semiovale, seen as loose white matter fibers after combining all 

deep white matter due to early myelin deposition and maturation 

in corticospinal tracts. Consistent with this observation, our ADC 



 J Surg Med. 2019;3(11):785-789.  ADC evaluation of myelination changes 

P a g e / S a y f a | 789 

values were slightly lower in the central, peri-rolandic part of the 

centrum semiovale than in the frontal and parietal parts, and, 

higher than the brain stem, which shows that the myelination of 

the centrum semiovale occurs slightly later when compared with 

sensory pathways in the brain stem and slightly earlier than the 

frontal and parietal regions. These findings support that 

myelination extends from the central regions toward the 

peripheral regions. In general, our measurements showed higher 

ADC values in all supratentorial deep white matter structures 

(except corpus callosum) compared to gray matter and 

infratentorial white matter, which showed later myelination. 

The data on ADC values in neonatal brains with normal 

findings in the meta-analysis of Coats et al. [17] resembles those 

of ours. Higher ADC values were observed in the white matter 

than gray matter and the highest values were found in the frontal 

and occipital white matter, while the lowest ADC values were 

detected in the hind limb of the internal capsule and thalamus 

within the supratentorial part of the brain. In our study, the 

highest values were found in frontal and occipital white matter 

and the lowest values were observed in the thalamus and basal 

ganglia. 

Our postnatal results are akin to those obtained by 

Engelbrecht et al. [18]. Increased ADC values in accordance 

with to monocyte expression function decreased with age in all 

investigated regions. Engelbrecht et al. [18] reportedly detected 

the highest values in the frontal and occipital white matter and 

the lowest values  in the brain stem, which is consistent with our 

data. 

Limitations 

There are some factors limiting our study. Firstly, we 

selected patients without signal abnormalities or with focal 

anomalies which are not reflected in imaging, who had different 

clinical indications for conventional MRI examinations. 

Although we studied patients without any symptoms, our lack of 

a group without any complaints may be considered a deficiency. 

The disadvantage of our study is that there is a need for sedation 

or intubation during evaluation of healthy individuals during 

infancy or childhood. Another weakness of our study is that we 

use three directions instead of full diffusion tensor imaging. 

Therefore, examinations can yield different results depending on 

the position of the head or the orientation of the white matter 

fibers. Also, ADC measurements are extremely sensitive even to 

small motion artifacts and yield different results according to the 

size of the ROI used. Measurements in the regions close to CSF 

are easily affected by CSF volume. However, since we use 

diffusion sequences in routine MRI examinations in our clinic 

and obtain easily accessible results, these potential weaknesses 

are acceptable. The fact that our data is objective, reproducible, 

realistic, and comparable to the literature indicates that despite 

our weaknesses, our study is applicable in the evaluation of 

myelination. 

Conclusion 

The main result of our study is the ability to define 

ADC values for gray and white matter structures throughout the 

myelination process in the brain based on applicable diffusion 

weighted sequences. Using diffusion-weighted images and 

conventional sequences, we demonstrated reproducible ADC 

values in infancy and childhood. The obtained data show a close 

similarity when compared with the literature data. Our values 

showed a direct correlation with different myelination and 

maturation processes in different brain regions. For this reason, 

ADC values obtained from routine clinical MRI examinations 

can be used to assess whether postnatal maturation is appropriate 

for age. Our data will be useful in detecting faint or diffuse 

abnormalities that cannot be evaluated in conventional 

sequences. Our values can be used in clinical routine and 

diffusion-weighted imaging and ADC maps should be used as 

part of the standard evaluation of pediatric maturation and 

myelination. 
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Abstract 

Aim: Polycystic ovary syndrome (PCOS) and Hashimoto’s thyroiditis (HT) are common and frequently comorbid diseases. A genetic  

predisposition and an inflammatory and autoimmune relationship have been posited between them. This study examines the role played 

by autoimmunity in the relation between PCOS and HT.  

Methods: This case-control study was conducted at the Medical Park Hospital endocrinology and gynecology departments, Ordu, 

Turkey, from July 2015 to December 2018. Reproductive-age women diagnosed with PCOS based on the Rotterdam criteria, women 

diagnosed with HT, and healthy women with neither PCOS nor HT were included in the study. Thyroid function tests, thyroid 

autoantibodies, gonadotropins, androgen hormones, fasting glucose and insulin levels, and body mass index (BMI) were compared 

among the three groups. All patients also underwent pelvic and thyroid ultrasound examinations.  

Results: Five hundred ninety-six women were included in the study, 254 in the PCOS group, 190 in the HT group, and 152 in the control 

group. BMI was significantly higher in the PCOS and HT groups than in the control group (P=0.012, and P=0.027, respectively). 

Menstrual and androgenic symptoms were also significantly higher in the patient groups than in the control group (P<0.001). The 

incidence of TPOAb and TgAb positivity was again significantly higher in the PCOS patients than in the controls (P<0.001).  

Conclusion: This research demonstrated a higher prevalence of HT, together with elevated TSH, anti-TPO, and anti-Tg levels in PCOS 

patients. Our data suggest that thyroid functions and ovaries should be screened later in life in patients with PCOS and HT.  

Keywords: Hashimoto’s thyroiditis, Polycystic ovary syndrome, Thyroid autoantibodies, Autoimmunity 

 

Öz 

Amaç: Polikistik over sendromu (PKOS) ve Hashimoto tiroiditi (HT) sıklıkla birbirine eşlik eden yaygın hastalıklardır. Genetik, 

inflamasyon ve otoimmünite iki hastalığın arasındaki ilişkide mevcuttur. Bu çalışma otoimmünitenin PCOS ve HT arasındaki ilişkideki 

rolünü incelemektedir. 

Yöntemler: Bu vaka-kontrol çalışması, Ordu Medical Park Hospital endokrinoloji ve jinekoloji bölümlerinde, Temmuz 2015 - Aralık 

2018 arasında yapılmıştır. Rotterdam kriterlerine göre reprodüktif yaşlarda PKOS tanılı, HT tanılı kadınlar ve ne PCOS ne de HT tanısı 

olmayan sağlıklı gönüllüler çalışmaya dahil edildi. Üç grup arasında tiroid fonksiyon testleri, tiroid otoantikorları, gonadotropinler, 

androjen hormonları, açlık glukoz ve insülin düzeyleri ve vücut kitle indeksi (VKİ) karşılaştırıldı. Tüm hastalar ayrıca pelvik ve tiroid 

ultrason ile tarandı. 

Bulgular: Çalışmaya toplamda beş yüz doksan altı kadın, PKOS grubunda 254, HT grubunda 190 ve kontrol grubunda 152 kişi dahil 

edildi. VKİ; PKOS ve HT grubunda kontrol grubundan anlamlı olarak daha yüksekti (sırasıyla P=0,012 ve P=0,027). Menstruel ve 

androjenik semptomlar hasta gruplarında kontrol grubundan anlamlı olarak daha yüksekti (P<0,001). TPOAb ve TgAb pozitifliği 

insidansı PKOS hastalarında kontrol grubuna göre anlamlı olarak yüksekti (P<0,001). 

Sonuç: Bu araştırma PKOS hastalarında artmış TSH, anti-TPO ve anti-Tg düzeyleri ile birlikte HT sıklığının da yüksek olduğu 

gösterilmiştir. Çalışmamız, PKOS ya da HT hastalarının tiroid fonksiyonları ve overlerin ileri yaşamlarında taranması gerekliliğini 

göstermektedir. 

Anahtar kelimeler: Hashimato Tiroiditi, Polikistik over sendromu, Tiroid antikorları, Otoimmunite 
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Introduction 

Polycystic ovary syndrome (PCOS) is a common 

endocrine disease. Various chronic diseases are associated with 

PCOS, such as diabetes mellitus and metabolic syndrome [1]. 

The etiology of PCOS remains unclear, although the evidence 

indicates a multifactorial origin on the basis of genetic 

predisposition [2]. Hashimoto’s thyroiditis (HT) is characterized 

by elevated thyroid autoantibodies, leading to various degrees of 

thyroid dysfunction. Hypoechogenicity is seen at thyroid 

ultrasound due to lymphocytic infiltration, resulting in thyroid 

fibrosis. A relationship between HT and recurrent miscarriage, 

pregnancy loss and PCOS has been confirmed in many studies, 

but the adverse effects caused by thyroid autoantibodies in 

women of reproductive age are still an important problem [3, 4]. 

Thyroid hormone abnormalities can also be seen in 

PCOS. Thyroid hormone dysfunction in PCOS further 

complicates the clinical picture and may result in significant 

effects on comorbidity. The incidence of PCOS is increasing 

every year. Effective diagnostic and therapeutic methods need to 

be discovered for a better understanding of the causes of PCOS. 

The aim of our study was to determine the clinical and laboratory 

similarities between PCOS and HT, to identify the incidence of 

thyroid autoantibodies in PCOS cases, and to establish whether 

autoimmunity constitutes a risk factor for the transmissibility 

between the two diseases.  

Materials and methods 

This study was conducted at the Medical Park Hospital 

endocrinology and gynecology departments, Ordu, Turkey from 

July 2015 to December 2018. The study complied with the 

principles of the Declaration of Helsinki and was approved by 

the Ethics Committee of Ordu University (10.01.2019-

91120269-000-E.00000031). 

Participants, data collection and processing 

The study population consisted of 596 women, those 

diagnosed with HT in our endocrinology and general surgery 

clinics, those diagnosed with PCOS in our endocrinology and 

gynecology clinics, and healthy volunteers. PCOS was diagnosed 

based on the ESHRE / ASRM (Rotterdam) 2004 criteria [5]. 

Subjects with ovulation disorder (oligo-ovulation or 

anovulation), clinical and / or biochemical hyperandrogenism, or 

those meeting the criteria for polycystic ovarian morphology 

were included in the study. Patients with a history of other 

autoimmune diseases, diabetes mellitus, coronary heart disease, 

hyperlipidemia, malignancy, or liver or kidney failure, women 

aged under 18 years or older than 52, or with menopausal status 

were excluded. Serum fasting glucose (70-100 mg/dl), TSH 

(0.35-4.94 mIU/L), free T4 (fT4) (9.01-19.05 pmol/L), TgAb (0- 

4.11 IU/mL), TPOAb (0-5.61 IU/mL), FSH (1.5-12.4 mlU/mL), 

LH (2.00-15.00 mlU/mL), serum testosterone (3,5-8.6 ng/ml), 

DHEA-S (82-338 ng/dL), and PRL (2-20 ng/mL) were studied 

using automated chemiluminescence immunoassay (ICMA) kits 

(Abbott, IL, USA). Pelvic ultrasonography was performed with a 

high-resolution apparatus equipped with a 5-1 MHz broadband 

convex array probe (Philips Affiniti 70 ultrasound; Philips North 

America Corporation, MA 01810, USA). 

 

Statistical analysis 

Data were analyzed on SPSS version 20.0 software 

[SPSS Inc., Chicago, IL, USA]. Mean standard deviation (SD) 

values for descriptive analysis were calculated with one-way 

ANOVA for intergroup comparisons. The Kruskal Wallis, chi-

square, and independent samples t tests were used for further 

analysis. Categorical variables were evaluated using Pearson’s 

chi-square test. Statistical data were considered significant if 

P<0.05. 

Results 

The PCOS group consisted of 254 patients, the HT 

group of 190 patients, and the control group, 152 healthy 

women. Mean (Standard Deviation) ages were 26.7 (8.2) years in 

the PCOS group, 25.4 (7.8) years in the HT group, and 24.1 (6.9) 

years in the control group.  

BMI was significantly higher in the PCOS and HT than 

in the control group (P=0.012, and P=0.027, respectively). 

HOMA-IR was also significantly higher than in the control 

group (P<0.001, and P=0.031, respectively). Patients’ menstrual 

and hyperandrogenic symptoms were also greater compared with 

the control group (P<0.001). The number of patients with 

polycystic ovary detected via ultrasound was significantly higher 

in the HT group than in the control group (P<0.001). The patient 

groups’ clinical and biochemical data are summarized in Table 1.  

Comparison of hormone levels between PCOS and HT 

groups and the control group revealed significantly higher 

testosterone levels (P=0.002, and P=0.328, respectively) and 

DHEA-S levels (P<0.001, and P=0.016, respectively) than in 

the control group. FSH, LH and PRL values were also 

significantly higher than in the control group (P<0.001). TSH 

values were significantly higher in the PCOS group than in the 

control group (P=0.059). Comparison of thyroid autoantibodies 

among the groups revealed significantly higher TgAb in the 

PCOS and HT groups than in the control group (P<0.001). 

TPOAb was significantly higher in both patient groups than in 

the control group (P=0.043, and P<0.001, respectively). A 

comparison of the patient groups’ hormone levels with those of 

the control group is summarized in Table 2.  
Table 1: Clinical and biochemical data for the study groups 
 

Parameters Control group 

(n=152) 

PCOS group 

(n=254) 

P-value 

(PCOS vs. 

Control)   

HT group 

(n=190) 

P-value  

(HT vs. 

Control) 

Age (years) mean (SD) 24.1 (6.9) 26.7 (8.2) 0.647 25.4 (7.8) 0.853 

BMI (kg/m2) 23.8 (2.1) 28.6 (4.1) 0.012 25.9 (2.9) 0.027 

Fasting glucose (mg/dl) 76.1 (24) 89.5 (22) 0.004 82.3 (18) 0.007 

HOMA-IR 1.86 (0.4) 3.2 (1.2) <0.001 2.73 (0.8) 0.031 

Oligomenorrhea & 

amenorrhea n (%) 

34 (22.3) 167 (65.7) <0.001 94 (49.4) <0.001 

Hirsutism & acne n (%) 30 (19.7) 190 (74.8) <0.001 85 (44.7) <0.001 

USG for polycystic 

ovaries n (%)  

38 (25.2) 198 (77.9) <0.001 89 (46.8) <0.001 

 

BMI: body mass index, HOMA-IR: homeostasis model assessment insulin resistance index, SD: Standard deviation 
 

Table 2: Hormonal data for the patients and control group 
 

Parameters Control group 

(n=152) 

PCOS group 

(n=254) 

P-value 

(PCOS vs. 

Control)   

HT group 

(n=194) 

P-value  

(HT vs. 

Control) 

Serum TE (ng/ml) mean 

(SD) 

4.1 (1.2) 6.8 (1.9) 0.002 5.2 (2.2) 0.328 

DHEA-S (ng/dL) 168.5 (65) 278.7 (107) <0.001 253.9 (93) 0.016 

FSH (mlU/mL) 4.6 (0.6) 9.2 (2.5) <0.001 8.8 (2.1) <0.001 

LH (mlU/mL) 5.7 (2.1) 14.1 (4.1) <0.001 10.3 (3.2) <0.001 

PRL (ng/mL) 12.9 (3.4) 35.7 (6.2) <0.001 42.8 (7.3) <0.001  

TSH (µIU/L) 1.8 (0.6) 2.6 (1.1) 0.059 4.9 (2.1) <0.001 

fT4 (pmol/L) 15.8 (3.3) 13.6 (3.8) 0.383 11.2 (2.9) 0.032 

TgAb (lU/mL) 1.2 (0.2) 3.5 (0.6) <0.001 51.4 (12.1) <0.001 

TPOAb (lU/mL) 2.5 (0.5) 3.7 (1.2)  0.043 64.9 (28.4) <0.001 
 

TE: Testosterone, DHEA-S: Dehydroepiandrosterone-Sulfate, FSH: Follicle-stimulating hormone, LH: Luteinizing 
hormone, PRL: Prolactin, TSH: Thyroid-Stimulating Hormone, fT4: Free thyroxine, TgAb: Thyroglobulin antibody, 

TPOAb: Thyroid peroxidase anti-body, SD: Standard deviation 



 J Surg Med. 2019;3(11):790-792.  Polycystic ovary syndrome and Hashimoto 

P a g e / S a y f a | 792 

TgAb and TPOAb antibody positivity rates in the PCOS 

group were 15.7% for TgAb and 38.5% for TPO, both being 

significantly higher than the corresponding values in the control 

group (P<0.001). The results are shown in Table 3.  
 

 

Table 3: Thyroid autoantibody positivity in the PCOS and control groups 
 

Parameters Control group (n=152) PCOS group (n=254) P-value  

TgAb, n (%) 10 (6.5) 40 (15.7) <0.001 

TPOAb, n (%) 19 (12.5) 98 (38.5) <0.001  
 

TgAb: Thyroglobulin antibody, TPOAb: Thyroid peroxidase anti-body 
 

Discussion 

As the prevalence of endocrinological diseases 

increases, the relationship between PCOS and autoimmune 

thyroid disease is becoming increasingly recognized. However, 

the reason for this relationship is still unclear, and the exact 

nature of the connection has not yet been elucidated. In 

polycystic morphology, the ovaries are also a clinical feature of 

hypothyroidism [6]. Thyroid function tests play an important role 

in the investigation of ovulatory dysfunction. Thyroid 

dysfunction should be ruled out before a diagnosis of PCOS, and 

correct diagnosis is particularly important in this patient group 

since PCOS can be treated medically. 

A connection between PCOS and HT has been reported 

in several studies. However, the true pathogenesis has not yet 

been clarified [7]. Although there is no clear link between the 

underlying causes of hypothyroidism PCOS, studies have shown 

that the two conditions share many common features, such as 

chronic anovulation, decreased serum sex hormone binding 

globulin levels, and increased serum testosterone, LH and 

cholesterol [8]. We observed a significant increase in ovulatory 

dysfunction, and in serum testosterone and LH levels in the 

PCOS and HT groups compared to the control group. BMI, 

fasting glucose levels, and prevalences of ovulatory dysfunction, 

hirsutism and acne were also higher in both disease groups 

compared to the control group. Similarly, high fasting insulin 

and fasting glucose, and the presence of HOMA-IR in the PCOS 

and HT group mays indicate a pathogenic link between 

autoimmunity and insulin resistance [9]. Hormonal, clinical and 

ultrasonographic similarities have been reported in PCOS 

patients and in patients with thyroid dysfunction and thyroid 

antibody [10]. The results of these studies and our own research 

clearly show the connection between them. 

TSH levels in this study were higher in the PCOS group 

compared to the control group, while fT4 levels were lower, 

although the differences were not statistically significant. While 

some studies have reported a significant increase in TSH levels, 

the increase is more generally reported to be slight [11,12]. The 

National Academy of Clinical Biochemistry (NACB) 

recommends the use of 2.5 µIU/mL instead of 4 µIU/mL for 

TSH levels [13]. In our study, the mean TSH level was 2.6 IU / 

mL. Occult hypothyroidism is seen in PCOS cases based on the 

NACB reference range definition. 

In our study, the incidence of polycystic ovarian 

morphology in the HT group was 48.8% (n=89). Studies have 

shown that ovarian morphology becomes polycystic in the 

presence of hypothyroidism. Thyroid disorders should be 

excluded before PCOS is diagnosed [14]. The incidence of the 

characteristic ultrasonic characteristics of HT in a previous study 

was 42.3% in a PCOS group and 6.5% in the control group [15]. 

The presence of similar findings in the two diseases supports the 

idea of a connection between them. 

Autoimmune thyroiditis is three times more common in 

patients with PCOS among women of reproductive age [16]. 

Statistically significant increases have been shown in TPOAb 

and TgAb positivity in PCOS cases [17-19]. In our study, 

TPOAb and TgAb levels were higher than in the control group. 

The incidence of TPOAb positivity was 3 times higher and that 

of TgAb positivity 2.4 times higher compared to the control 

group. The pathophysiological pathway that connects thyroid 

disorder with PCOS may thus involve autoimmunity. 

There are several limitations to this study, including the 

small sample size and the population consisting of women from a 

single center. 

Conclusion 

Studies indicate a clear connection between PCOS and HT. 

There is sufficient evidence in the literature to suggest that one 

of the two diseases increases the prevalence of the other. The 

current unclear nature of the link between them may possibly be 

due to the complexity of the etiology of both diseases. We 

believe that autoimmune susceptibility contributes to the 

development of the two conditions. Our findings indicate a 

higher prevalence of TPOAb and TgAb in patients with PCOS. 

Our data also suggest that thyroid functions and the ovaries 

should be screened later in life in patients with PCOS and HT. 

References 

1. Söylemez S, Çaycı Sivri A, Şimşek E, Polat B, Çakır B. Melatonin, leptin, and ghrelin levels in nurses 

working night shifts. J Surg Med. 2019;3(1):22-6. 

2. Karaköse M, Hepsen S, Çakal E, Saykı Arslan M, Tutal E, Akın Ş, et al. Frequency of nodular goiter 

and autoimmune thyroid disease and association of these disorders with insulin resistance in polycystic 

ovary syndrome. J Turk Ger Gynecol Assoc. 2017;18(2):85-9.  

3. Boufas D, Vryonidou A, Mastorakos G, Ilias I. Thyroid function and autoimmunity versus number of 

pregnancies. J Reprod Infertil. 2016;17:240-2. 

4. Chen CW, Huang YL, Huang RL, Tzeng CR, Chen CH. Idiopathic low ovarian reserve is associated 

with more frequent positive thyroid peroxidase antibodies. Thyroid. 2017;27:1194-200. 

5. Geisthövel F, Rabe T. The ESHRE/ASRM consensus on polycystic ovary syndrome (PCOS)-an 

extended critical analysis. Reprod Biomed. 2007;14(4):522-35. 

6. Singla R, Gupta Y, Khemani M, Aggarwal S. Thyroid disorders and polycystic ovary syndrome: An 

emerging relationship. Indian J Endocrinol Metab. 2015;19(1):25-9.  

7. Ganie MA, Khurana ML, Eunice M, Gupta N, Gulati M, Dwivedi SN, et al. Comparison of efficacy of 

spironolactone with metformin in the management of polycystic ovary syndrome: an open-labeled 

study. J Clin Endocrinol Metab. 2004; 89(6):2756-62. 

8. Arora S, Sinha K, Kolte S, Mandal A. Endocrinal and autoimmune linkage: Evidences from a 

controlled study of subjects with polycystic ovarian syndrome. J Hum Reprod Sci 2016;9(1):18-22. 

9. Idris I, O'Malley BP. Thyrotoxicosis in Down's and Turner's syndromes: the likelihood of Hashimoto's 

thyroiditis as the underlying aetiology. Int J Clin Pract. 2000;54(4):272-3. 

10.Mohammed S, Awooda HA, Rayis DA, Hamdan HZ, Adam I, Lutfi MF. Thyroid function/antibodies 

in sudanese women with polycystic ovarian disease. Obstet Gynecol Sci. 2017;60(2):187-92.  

11.Al-Saab R, Haddad S. Detection of thyroid autoimmunity markers in euthyroid women with polycystic 

ovary syndrome: a case-control study from syria. Int J Endocrinol Metab 2014;12(3):e17954.  

12.Janssen OE, Mehlmauer N, Hahn S, Offner AH, Gärtner R. High prevalence of autoimmune 

thyroiditis in patients with polycystic ovary syndrome. Eur J Endocrinol. 2004;150(3):363-9. 

13.Baloch Z, Carayon P, Conte-Devolx B, Demers LM, Feldt-Rasmussen U, Henry JF, et al. Laboratory 

medicine practice guidelines. Laboratory support for the diagnosis and monitoring of thyroid disease. 

Guidelines Committee, National Academy of Clinical Biochemistry. Thyroid. 2003;13(1):3-126. 

14.Sinha U, Sinharay K, Saha S. Thyroid disorders in polycystic ovarian syndrome subjects: a tertiary 

hospital based cross sectional study from Eastern India. Indian J Endocrinol Metab. 2013;17(2):304–9.  

15.Kowalczyk K, Franik G, Kowalczyk D, Pluta D, Blukacz Ł, Madej P. Thyroid disorders in polycystic 

ovary syndrome. Eur Rev Med Pharmacol Sci. 2017;21(2):346-60. 

16.Mobeen H, Afzal N, Kashif M. Polycystic Ovary Syndrome May Be an Autoimmune Disorder. 

Scientifica (Cairo). 2016;2016:4071735.  

17.Arduc A, Aycicek Dogan B, Bilmez S, Imga Nasiroglu N, Tuna MM, Isik S, et al. High prevalence of 

Hashimoto's thyroiditis in patients with polycystic ovary syndrome: does the imbalance between 

estradiol and progesterone play a role? Endocr Res. 2015;40(4):204-10. 

18.Petrikova J, Lazurova I, Dravecka I, Vrbikova J, Kozakova D, Figurova J,  et al. The prevalence of 

non organ specific and thyroid autoimmunity in patients with polycystic ovary syndrome. Biomed Pap 

Med Fac Univ Palacky Olomouc Czech Repub. 2015;159(2):302-6. 

19.Romitti M, Fabris VC, Ziegelmann PK, Maia AL, Spritzer PM. Association between PCOS and 

autoimmune thyroid disease: a systematic review and meta-analysis. Endocr Connect. 

2018;26;7(11):1158-67. 
 

This paper has been checked for language accuracy by JOSAM editors. 

The National Library of Medicine (NLM) citation style guide has been used in this paper. 
 

Suggested citation: Patrias K. Citing medicine: the NLM style guide for authors, editors, and publishers [Internet]. 

2nd ed. Wendling DL, technical editor. Bethesda (MD): National Library of Medicine (US); 2007-[updated 2015 

Oct 2; cited Year Month Day]. Available from: http://www.nlm.nih.gov/citingmedicine 



 

 

 

 

 

 

 

 

 

 

 

P a g e / S a y f a  | 793 

The effect of electroconvulsive therapy on subclinical inflammation in 

bipolar disorders 
 
Elektrokonvülsif terapinin bipolar bozukluklarda subklinik inflamasyon üzerine etkisi 
 

Şengül Kocamer Şahin 
1
,
 
Celal Yaşamalı 

1
, Muhammet Berkay Özyürek 

2
, Gülçin Elboğa 

1
, Abdurrahman Altındağ 

1
, Enes Elmalı 

1
, Handan Demirbaş 

1
 

How to cite / Atıf için: Şahin ŞK, Yaşamalı C, Özyürek MB, Elboğa G, Altındağ A, Elmalı E, Demirbaş H. The effect of electroconvulsive therapy on subc linical inflammation 

in bipolar disorders. J Surg Med. 2019;3(11):793-795. 

J Surg Med. 2019;3(11):793-795.  Research article 
DOI: 10.28982/josam.637840 Araştırma makalesi 
 

 

 

1
 Department of Psychiatry, Gaziantep University 

Faculty of Medicine, Gaziantep, Turkey 
2 
Department of Psychiatry, Balıkesir University 

Faculty of Medicine, Balıkesir, Turkey 

 

ORCID ID of the author(s) 
 

ŞKŞ: 0000-0002-5371-3907 

CY: 0000-0002-2813-2270 

MBÖ: 0000-0002-7016-1411 

GE: 0000 0003 3903 1835 

AA: 0000-0001-5531-4419 

EE: 0000-0002-5425-1150 

HD: 0000-0002-0894-5565 

 

 

 

 

 

 

 

 

 

 

 

Corresponding author / Sorumlu yazar: 

Şengül Kocamer Şahin  

Address / Adres: Gaziantep Üniversitesi Tıp 

Fakültesi, Psikiyatri Anabilim Dalı, Gaziantep, 

Türkiye 

e-Mail: snglkcmr@hotmail.com 

⸺ 

Ethics Committee Approval: The study was approved 

by the Gaziantep University Ethics Committee for 

Clinical Research, 2018/360. 

Etik Kurul Onayı: Çalışma Gaziantep Üniversitesi 

Klinik Araştımalar Etik kurulu tarafından, 2018/360, 

onaylandı. 

⸺ 

Conflict of Interest: No conflict of interest was 

declared by the authors. 

Çıkar Çatışması: Yazarlar çıkar çatışması 

bildirmemişlerdir. 

⸺ 

Financial Disclosure: The authors declared that this 

study has received no financial support. 

Finansal Destek: Yazarlar bu çalışma için finansal 

destek almadıklarını beyan etmişlerdir. 

⸺ 

Previous presentation: This paper is presented as 

verbal presentation in 23th Turkey Psychiatry Annual 

Meeting and Clinical Education Symposium on 10-13 

April 2019 Muğla, Turkey. 

⸺ 

Published: 11/14/2019  

Yayın Tarihi: 14.11.2019 

 
Copyright © 2019 The Author(s)  

Published by JOSAM 
This is an open access article distributed under the terms of the Creative 

Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC 

BY-NC-ND 4.0) where it is permissible to download, share, remix, 

transform, and buildup the work provided it is properly cited. The work 

cannot be used commercially without permission from the journal. 

 

Abstract 

Aim: Growing evidence supports the role of inflammation in the etiology of bipolar disorder. Efficacy of electroconvulsive therapy 

(ECT) in the manic and depressive phases of bipolar disorder is well-known. We aimed to investigate the effect of ECT on the 

neutrophil/lymphocyte (NLR) and platelet/lymphocyte ratios (PLR), which are newly defined subclinical inflammatory markers in 

patients with bipolar disorder. 

Methods: Patients who received ECT due to the diagnosis of bipolar disorder according to DSM-5 in the last two years and the same 

number of individuals as the control group were included in this case-control study. NLR and PLR were compared between the patient 

and control groups, and before and after ECT in the patient group.  

Results: A total of 104 individuals were included in the study. Among included patients with bipolar disorder, 39 were in depressive 

episode and 13 were in manic episode. 52 healthy individuals were identified as control group. Patients' mean age was 36.0 (13.4) years. 

There were no significant differences between the groups in terms of age, gender, marital status, and smoking. NLR values were 

significantly higher in the patient group before and after ECT compared to the control group. No difference was found between PLR 

ratios. There was no significant difference between the NLR, PLR values before and after ECT in the patient group.  

Conclusion: This study supports the hypothesis that subclinical inflammation exists in bipolar patients in both manic and depressive 

phases and it continues after ECT. Large-scale studies are needed to determine the effects of ECT on subclinical inflammation.  

Keywords: Neutrophil, Lymphocyte, Monocyte, Electroconvulsive therapy, Bipolar disorder 

 

Öz 

Amaç: Biriken kanıtlar, bipolar bozukluğun etiyopatogenezinde enflamasyonun rolünü desteklemektedir. Elektrokonvülsif terapi (EKT) 

bipolar bozukluğun manik ve depresif dönemlerinde etkindir. Bu çalışmada bipolar bozukluk hastalarında EKT’nin remisyona ulaşan 

hastalarda yeni bulunan subklinik inflamatuar belirteçler olan nötrofil/lenfosit (N/L), platelet/lenfosit (P/L) oranlarına etkisini 

araştırmayı amaçladık.  

Yöntemler: Bu olgu-kontrol çalışmasına son iki yılda DSM-5’e göre bipolar bozukluk tanısı ile kliniğe yatırılarak EKT uygulanan 

manik ve depresif dönem hastaları ile aynı sayıda kontrol grubu alındı. Hasta ve kontrol grubu N/L, P/L oranları açısından karşılaştırıldı. 

Elli iki hasta EKT öncesi ve sonrası N/L, P/L oranları açısından ayrıca karşılaştırıldı. 

Bulgular: Çalışmamıza 39 bipolar bozukluk depresif dönem, 13 bipolar bozukluk manik dönem, 52 sağlıklı kontrol olmak üzere toplam 

104 olgu alınmıştır. Yaş, cinsiyet, medeni durum, sigara içme açısından sağlıklı kontroller ve hastalar arasında anlamlı fark 

bulunmamıştır. EKT öncesi hasta grubunda N/L değerleri kontrol grubuna göre anlamlı oranda yüksek bulunmuştur. EKT sonrası N/L 

değerleri kontrol grubuna göre anlamlı oranda yüksek bulunmuş, P/L oranları arasında fark bulunmamıştır. Hasta grubunda EKT öncesi 

ve sonrası N/L, P/L değerleri arasında anlamlı fark bulunmamıştır. 

Sonuç: Bu çalışma bipolar bozukluk manik/depresif dönem hastalarında subklinik enflamasyonun varlığını ve EKT sonrası bu durumun 

sürdüğünü desteklemektedir. EKT’nin enflamasyon üzerindeki etkilerini belirlemek için geniş ölçekli çalışmalara gerek vardır. 

Anahtar kelimeler: Nötrofil, Lenfosit, Monosit, Elektrokonvülsif terapi, Bipolar bozukluk 
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Introduction 

The pathophysiology of bipolar disorder is not fully 

understood. Genetics, circadian rhythms, neurotransmitters, 

psychosocial factors including childhood traumas, and 

neuroanatomic changes were blamed in the etiology [1,2]. 

Accumulative evidence indicates that immune system 

dysfunction may play a role in the pathophysiology. Elevated 

levels of proinflammatory cytokines were detected in bipolar 

disorder [3]. The role of inflammation in mental disorders is not 

fully established, however, the connection between 

neurotransmitters and inflammation was shown. 

Proinflammatory cytokines interact with each other and 

neurotransmitters in the central nervous system via the cytokine 

network [4]. The neurotransmitter metabolism changes 

neuroendocrine function, synaptic plasticity, and related motor 

activity. These inflammatory cytokines could affect almost all 

aspects of brain function related to motivational behavior. These 

effects of the immune system in the brain could cause behavioral 

consequences and neuropsychiatric disorders [4].  

 One of the determinants of chronic inflammation is the 

number of white blood cells and subtypes. The 

neutrophil/lymphocyte ratio (NLR) is a new parameter indicating 

systemic inflammatory response [5-7]. Recently, 

platelet/lymphocyte and lymphocyte/monocyte ratios have been 

used to determine inflammation [8,9]. It has been reported that 

NLR and platelet/lymphocyte ratio (PLR), which are subclinical 

inflammatory markers, are increased in bipolar disorder [10]. 

Electroconvulsive therapy (ECT) is effective and safe in 

all manic, depressive, and mixed stages of bipolar disorder [11]. 

It is a frequently preferred method of treatment for inpatients 

[12]. Acute immune-inflammatory response increases as an acute 

stress reaction immediately after ECT sessions. However, after 

repeated ECT, the inflammatory response decreases at the end of 

the treatment process [13]. 

In this study, we report the results of our research on 

subclinical inflammatory markers, namely, NLR and PLR, and 

the improvement of symptoms after ECT in patients with bipolar 

disorder in manic and depressive stages.  

Materials and methods 

Patients who received ECT due to the diagnosis of 

bipolar disorder according to DSM-5 in the last two years in the 

Psychiatry Department of Gaziantep University, Faculty of 

Medicine and the same number of individuals as the control 

group were included in this case-control study. Ethics committee 

approval was obtained from Gaziantep University Clinical 

Studies Ethics Council (2018/360). 112 patients had undergone 

ECT for bipolar disorder in the last two years. Patients with 

severe neurological diseases, diabetes mellitus and other 

endocrinopathies, liver diseases, malignancies, intellectual 

disability, alcohol, substance use disorder or addiction history 

were excluded from the study. Among the remaining 63 bipolar 

patients in remission in the depression (HAMD<7) and manic 

(YMRS <12) phases, 11 patients were excluded due to lack of a 

complete blood count. Among the 52 included, 39 had 

depressive bipolar and 13 had manic bipolar disorder. Those who 

had no complaints in the 15 days following ECT (n=52) were 

identified as the study group. Prior to ECT, all patients had 

completed evaluations for anesthesia and did not have any active 

infections. The control group was selected from the last 52 

healthy individuals without any disabilities, based on the report 

issued by the psychiatric outpatient clinic after general screening 

in the last six months. Sociodemographic variables such as age 

and gender of the patients were recorded. 

ECT was administered bilaterally under general 

anesthesia after administration of 1 mg/kg propofol seven times a 

week, on Monday, Wednesday, and Friday at 800 mA with 

MECTA 5000Q ECT, allowing the patients to have seizures for a 

period of 30-60 seconds. Patients continued to use additional 

medication at the beginning of the study. Among 39 patients 

with bipolar depressive episode, 10 were using lamotrigine, 16 

were using valproate, and 6 were using lithium. Five patients 

were using antidepressants in addition to mood stabilizers. Seven 

patients who did not use mood stabilizers had quetiapine in their 

combination. All of 13 the bipolar manic patients were on 

antipsychotics. 4 of them were using lithium and 4 of them were 

using valproate in combination with antipsychotics. Four patients 

with bipolar manic episode had discontinued their medication, 

and emergency hospitalization had been planned due to manic 

episode. Haloperidol, biperiden, chlorpromazine injections and 

additional antipsychotics were used for the treatment of these 

patients for 3 days and ECT was administered due to 

exacerbation. They continued to take antipsychotics orally during 

ECT. There were no patients who did not receive any 

medication. 

52 patients and 52 healthy control individuals were 

compared in terms of NLR and PLR before and after ECT.  

Statistical analysis 

Descriptive statistics for demographic characteristics 

were used to evaluate the data of the patient group. χ2 test was 

used to compare categorical variables. T-test was used to 

compare normally distributed variables, and paired t-test was 

used for the pre-ECT and post-ECT comparisons of NLR and 

PLR. Data were analyzed with SPSS v24.0 (IBM Corporation 

York, United States) for Windows. 

Results 

The mean age of the patients was 36.05 (13.4) years. 

The average duration of education was 6.40 (3.5) years. The 

bipolar patient group consisted of 25 men and 27 women. No 

significant difference was found between healthy controls and 

patients in terms of age, sex, marital status, or smoking (Table 

1). 
Table 1: Sociodemographic data 
 

 ECT Control P-value 

Gender Male n(%) 25(48.1) 24(46) 0.48 

Female n(%) 27(51.9) 36(54) 

Age mean (SD) 36.05 (13.4) 40.09 (14.8) 0.51 

Education (years) mean (SD) 6.40 (3.5) 6.33 (3.99 0.92 

Smoking Yes 31 23 0.11 

No 21 29 
 

ECT: Electroconvulsive therapy, SD: Standard deviation  
 

NLR values were significantly higher in patients with 

bipolar disorder than the control group before ECT (P<0.001). 

PLR did not differ between healthy and control groups (Table 2). 

After ECT, NLR remained significantly higher in the patient 

group than in the controls (P=0.003). There was no difference in 

PLR values (Table 2). No significant difference was found 
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between NLR and PLR in the pre-ECT and post-ECT evaluation 

(Table 3), and depressive and manic episodes.  
 

Table 2: Comparisons of NLR and PLR between the patient and control groups before and 

after ECT  
 

 NLR and PLR comparison 

before ECT 

NLR and PLR comparison 

after ECT 

  n Mean (SD) P-value  Mean (SD) P-value 

NLR patient 52 2.74 (1.24) <0.001  3.22 (3.179 0.003  

control 52 1.91 (0.65) 1.91 (0.659 

PLR patient 52 135.19 (49.68) 0.739  

 

131.21 (59.77) 0.503 

 control 52 138.43 (49.23) 138.43 (49.23) 
 

ECT: Electroconvulsive therapy, NLR: Neutrophil/lymphocyte ratio, PLR: Platelet/lymphocyte ratio, SD: 

Standard deviation 
 

Table 3: Comparisons of NLR and PLR before and after ECT 
 

 n Mean (SD) P-value 

NLR Before ECT 52 2,74 (1.24) 0.273 

After ECT 52 3.22 (3.17) 

PLR Before PLR 52 135.19 (49.68) 0.611 

After PLR 52 131.21 (59.77) 
 

ECT: Electroconvulsive therapy, NLR: Neutrophil/lymphocyte ratio, PLR: Platelet/lymphocyte ratio, SD: 

Standard deviation 
 

Discussion 

The first finding of our study was that NLR was higher 

in patients with bipolar disorder who were on medication than 

healthy controls. Studies support the role of inflammation in 

bipolar disorder [3]. The prevalence of bipolar disorder has been 

shown to increase in patients with autoimmune disorders, 

cardiovascular diseases, and metabolic dysfunction [14]. 

Interleukin IL-4, IL-6, IL-10, soluble IL-2 receptor 

concentrations, tumor necrosis factor (TNF) -alpha, and soluble 

TNF receptor-1 were significantly higher in patients in the manic 

and euthymic periods compared to healthy controls [15].
 
TNF-

alpha and IL-6 were found to increase in bipolar depressive 

period [16,17].
 
In another study, inflammation was reported as an 

important predictor of relapse in the course of bipolar disorder, 

especially during the depressive period [18]. Neutrophil-

lymphocyte and platelet-lymphocyte ratios were significantly 

higher in bipolar disorder in both manic and euthymic patients 

than in the control group [10]. Our study, in which we found that 

the NLR values of patients using drugs due to bipolar disorder 

were higher, also supports these findings.  

There were a few studies investigating the effect of ECT 

on the inflammatory system. More studies are focused on the 

alteration of inflammatory markers in the treatment of major 

depression in ECT [19,20]. In our literature review, we could not 

find a study directly investigating the effect of ECT on NLR and 

PLR in bipolar disorder. In a study which examined oxidant 

levels, total antioxidant levels increased with ECT in depressive 

bipolar patients, and total oxidant levels decreased in manic 

patients [21]. As an anti-inflammatory agent, celecoxib did not 

significantly affect BDNF level or treatment response after ECT 

in bipolar manic patients [22].
 

In our study, there was no 

significant alteration in NLR or PLR after ECT.  

The retrospective design of the study, the scarce number 

of patients and the lack of the evaluation of body mass index 

were the limitations of our study. However, studies investigating 

the body mass index in relation to inflammation found a very 

low correlation [23].
 
Another limitation of the study was that 

patients were taking various medications. However, the inclusion 

of antidepressants in complex therapy is thought to alleviate 

chronic inflammation [24]. Studies reporting that mood 

regulators decrease inflammatory markers are dominant in the 

literature [25,26]. There was no significant relationship between 

antipsychotic use and inflammatory markers [27].  

This study demonstrates the presence of subclinical 

inflammation in bipolar disorder, which continues after ECT. To 

determine the effects of ECT on inflammation, further studies are 

needed in large-scale patient groups who do not use drugs. 
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Abstract 

Aim: The number of comorbid diseases increased with the rise in the elderly population. In some cases, the state of deficient or absent 

nutrition emerges. Nevertheless, the contribution of percutaneous endoscopic gastrostomy (PEG) to the quality of life and the survival 

rate in the elderly with certain diseases remains controversial.  

Methods: In this prospective cohort study, patients who underwent percutaneous endoscopic gastrostomy (PEG) procedure between 

2009 and 2015 were divided into two groups: CVE group consisted of patients with cerebrovascular event (CVE) and non-CVE group 

comprised patients who suffered from esophageal tumors, head and neck tumors, brain tumors, amyotrophic lateral sclerosis and 

terminal dementia. In this study, the patients' pre-PEG and post-PEG body mass index (BMI) values, hemoglobin (Hb), albumin (alb), 

creatinine (Cr) and C-reactive protein (CRP) values, white blood cell counts, demographic characteristics, 30, 90, 180 and 365 day-

survival rates, complications (mechanical, metabolic and infectious) and duration of patency of the PEGs were compared. 

Results: The average age was lower while survival rate on the 90th day was higher in the CVE group. No significant difference was 

found in terms of other parameters. At the end of the one-year follow-up, 21% of the patients in the CVE group and 12% of those in the 

non-CVE group were able to be fed without PEG.  

Conclusion: PEG patency was higher in the CVE group at 3 months but there was no statistically significant difference between the 

groups at one-year and overall follow-up periods.  

Keywords: Cerebrovascular events, Enteral nutrition, Percutaneous endoscopic gastrostomy 

 

Öz 

Amaç: Yaşlı popülasyonda birden fazla hastalığın görülmesi gitgide artmaktadır. Bazı olgularda beslenme azlığı veya yokluğu acil 

durum yaratmaktadır. Bununla birlikte perkütan endoskopik gastrostominin (PEG), ciddi hastalıkları olan yaşlı hastalarda hayat kalitesi 

ve sağkalım oranına katkısı tartışmalıdır.  

Yöntemler: Bu prospektif kohort çalışmada, 2009-2015 yılları arasında PEG açılan hastalar 2 gruba bölündü: Bu gruplar, SVO grubu 

denen serebrovasküler olay (SVO) geçiren hastalar ve özofagus tümörü, baş ve boyun tümörleri, beyin tümörleri, amiyotrofik lateral 

skleroz ve terminal demansı olan hastalardan oluşan non-SVO grubunu kapsamaktadır. Bu çalışmada, hastaların PEG öncesi ve sonrası 

olmak üzere vücut kitle indexi(VKİ) değerleri, hemoglobin (Hb), albümin (alb), kreatinin (Kr), C-reaktif protein (CRP), lökosit, 

demografik özellikleri, 30, 90, 180 ve 365 günlük sağkalım oranları, mekanik, metabolik ve infeksiyöz komplikasyonları PEG varlığı 

boyunca karşılaştırıldı. 

Bulgular: SVO’lu olgularda ortalama yaş grubu düşük olanlarda 90. Gündeki sağkalım oranı daha yüksekti. Diğer parametrelerde 

belirgin bir fark yoktu. 1 yılın sonunda SVO’lu olguların % 21’i PEG’siz beslenebilirken, bu oran non-SVO’lu olgularda %12 olarak 

saptandı. 

Sonuç: PEG’le beslenme 3 aylık izlemde SVO’lu olgularda daha yüksek oranda bulunurken; 1 yıllık ve total izlemde her iki grup 

arasında anlamlı farklılık bulunmadı. 

Anahtar kelimeler: Serebrovasküler olay, Enteral beslenme, Perkütan endoskopik gastrostomi 
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Introduction 

If the enteral system is functional but the oral intake is 

not possible, feeding via percutaneous endoscopic gastrostomy 

(PEG) is preferred instead of the nasoenteral route [1]. Feeding 

via PEG is the most preferred long-term enteral feeding method 

due to easy and expeditious applicability and the lack of 

requirement for general anesthesia or operating room facilities. 

Due to the increased lifespan of the elderly population, 

accompanying diseases have also rocketed. Some of these 

patients encounter problems due to absent or improper nutrition. 

Stroke is the most prominent condition that negatively affects 

nutrition in the elderly patients. Pneumonia can increase 

mortality rates in stroke patients. Şimşek et al. [2] performed a 

cohort study about mortality factors, especially pneumonia, at 

stroke, and found mortality rate to be 30.4%. PEG feeding is a 

preferred feeding method which may reduce the risk of 

pulmonary infections in long-term coma patients due to stroke or 

traumatic brain injury [3]. Joundi and coworkers [4] reported that 

gastrostomy and jejunostomy placement after stroke was 

associated with lowering 30-day mortality. However, the 

contribution of PEG feeding to the quality of life and the survival 

rate is still controversial in the elderly population suffering from 

certain diseases. 

In this study, we aimed to compare the demographic 

characteristics, 30, 90, 180 and 365-day survival rates, duration 

of PEG patency, clinical and laboratory nutritional parameters 

between patients in need of PEG for enteral feeding due to 

cerebrovascular event (CVE) or other causes.  

Materials and methods 

Ethics approval was obtained from Yeditepe University 

Clinical Trials Ethics Committee (Approval form number: 342) 

on 18 June 2013. Patients over 18 years of age who underwent 

PEG placement procedure between January 2009 and January 

2015 at Yeditepe University Hospital were included in this study, 

and relevant patient information was obtained from patient files 

and hospital registry. This study was conducted in accordance 

with the principles of the Declaration of Helsinki, and in 

compliance with all international and national laws and 

regulations. Patients gave their written informed consent before 

any procedure was performed. 

Investigators conducted the interviews by phone with 

the family members with their consent. A gastroenterologist 

performed the PEG placement procedures in the endoscopy unit 

under intravenous sedation, local anesthetics and using the pull 

method with a 20F silicone tube. Before the procedure, 

intravenous cefuroxime was administered for prophylaxis.  

Patients were divided into CVE group and non-CVE 

group (those with esophageal tumors, head and neck tumors, 

brain tumors, amyotrophic lateral sclerosis (ALS), and terminal 

dementia) based on the indications for PEG placement.  

A total of 130 patients underwent PEG placement 

procedure, among which 92 patients’ data were obtained. All 

patients' pre-PEG and post-PEG body mass indexes (BMI), 

hemoglobin (Hb), albumin (alb), creatinine (Cr), and C-reactive 

protein (CRP) levels, white blood cell counts and complications 

(mechanical, metabolic, and infectious) were compared.  

Statistical analysis 

The data were expressed as mean (SD), median and 

with 95% confidence interval. Log-rank test and Kaplan Meier 

Curve were used for survival analysis. SPSS v22 software was 

used for statistical analysis. 

Results 

Among the 92 patients included, 27 were female and 65 

were male. The mean age of all patients was 63 (39) years. 

Overall, the mortality rate during the six-year follow-up was 

63%. The mean age, total survival and median survival rates 

according to follow-up visits after PEG, PEG patency, 30-day, 

90-day, 180-day and one year total survival and median survival 

rates in CVE (65 patients) and non-CVE group (27 patients) are 

presented in Table 1.  

The mean age was lower and 90-day survival rate was 

higher in the CVE group. There was no revelatory variation in 

terms of other parameters. Hemoglobin, CRP, albumin, 

creatinine, white blood cell count, and BMI parameters did not 

significantly differ between the groups before and after feeding 

via PEG (Table 2). Twenty six (40%) of the 65 patients with 

PEGs placed due to CVE had mechanical, five (8%) had 

metabolic and 29 (45%) had infectious complications, while 15 

(55%) of the 27 patients with PEG placed due to non-CVE 

causes had mechanical, four (15%) had metabolic and 13 (55%) 

had infectious complications.  
Table 1: Survival, lifespan of PEG and median survival at the CVE and non-CVE patients 
 

 CVE (n=65) 

Mean(SD) 

Non-CVE (n=27) 

Mean(SD) 

P-value 

Age (y) 58(18) 74(19) 0.001 

After peg follow-up (month) 19(17) 14(13) 0.255 

Lifespan with PEG (month)  12(10) 9(8) 0.374 

Median survival (month) 20(13) 20(12) 0.274 

Survival (%)    

30 d 

90 d 

180 d 

1 y  

Total (end of the study)  

94 

78 

61 

56 

39 

92 

55 

50 

50 

33 

0.694 

0.041 

0.391 

0.637 

 

CVE: Cerebrovascular event, PEG: Percutaneous Endoscopic Gastrostomy, SD: standard deviation, D: days, 

Y: year 
 

Table 2: Comparing of the beginning and the last laboratory findings at the CVE and non-

CVE patients 
 

 

 

CVE n: 65 Non-CVE n: 27 

First 

Mean(SD) 

Last 

Mean(SD) 

P-value First 

Mean(SD) 

Last 

Mean(SD) 

P-value 

Hemoglobin 

(gr/dl) 

11.9(1.8) 11.8(1.7) 0.145 10.8(1.4) 10.9(1.7) 0.156 

CRP (mg/dl) 38(31) 52(45) 0.779 52(39) 39(29) 0.588 

Albumin  

(gr/dl) 

3.4(0.6) 3.3(0.4) 0.275 3.0(0.5) 3.4(0.4) 0.224 

Creatinine 

 (mg /dl) 

0.67(0.31) 0.7(0.5) 0.135 0.69(0.29) 0.65(0.34) 0.423 

Leucocyte  9.1(3.8) 8.9(3.3) 0.050 9.8(3.1) 9.2(2.7) 0.990 

BMI 

(kg/m2) 

24.7(5.1) 22.8(3.5) 0.131 20.9(4.5) 19.5(3.2) 0.158 

 

CVE: Cerebrovascular event, SD: standard deviation, CRP: C-reactive protein  
 

In the CVE and non-CVE groups, the oral intakes of the 

patients were 4% and 13%, respectively (P=0.189), and the need 

of total parenteral nutrition (TPN) was 27% and 22%, 

respectively (P=0.594). Mixed feeding rates were 17% in the 

CVE group and 14% in the non-CVE group (P=0.077). At the 

termination of the study, PEG functionality in the CVE and non-

CVE groups were 10% and 14%, respectively (P=0.334). The 

survival rates of the groups are presented in Figure 1. According 

to the Kaplan-Meier survival analysis, there was no significant 

difference between median survival rates (20 (13) months versus 

20 (12) months (P=0.274)) (Figure 2).  
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Figure 1: Survival rates of the groups 

 
Figure 2: Median survival rates 
 

The ratios of patients who were orally fed in the 

following months are shown in Table 3. At the end of one year, 

21% of the patients in the CVE group and 12% in the non-CVE 

group were orally fed.  
 

Table 3: Feeding without PEG ratios at the CVE and non-CVE patients at the proceeding 

months 
 

 CVE group Non-CVE group 

Days 

(d) 

Patient 

% 

Patient 

feeding 

without 

PEG% 

Patient 

feeding 

with 

PEG% 

Patient 

% 

Patient 

feeding 

without 

PEG% 

Patient 

feeding 

with 

PEG% 

30 d 94 10 84 92 11 81 

90 d 78 8 70 55 7 48 

180 d 61 14 47 50 2 48 

365 d 56 21 35 50 12 38 
 

CVE: Cerebrovascular event, PEG: Percutaneous Endoscopic Gastrostomy, D: days 
 

Discussion 

In the last 20 years, seven international and 17 national 

studies on PEG case series have been conducted in this country. 

Among these, 15 neurological patients were studied by Bayraktar 

et al. [5] and 5 neurological patients were evaluated by 

Muftuoglu et al. [6]. In the remaining studies, 

neurological/paralytic subgroup analysis was not performed. 

Therefore, our study is a pioneer in this field in the country.  

The 30-day mortality rate in the study was 6% in the 

CVE group, while in many studies the 30-day mortality after the 

PEG has been reported between 18% and 25% [7-11]. The lower 

30-day mortality rate in this study may be associated with non-

problematic values of baseline BMI, hemoglobin, albumin, 

creatinine, white blood cell count and a low average of subject 

ages. In the study conducted by Mitchell and Tetroe, factors such 

as age, malignancy, male sex, and hypoalbuminemia were found 

to be associated with increased mortality [12]. Albeit 

insignificant, higher CRP levels as well as lower BMI and 

albumin values before PEG placement in the non-CVE group 

may explain the significantly low 90-day survival rates compared 

to the CVE group (Table 1). Likewise, Blomberg et al. [13] also 

demonstrated a seven-fold increase in mortality rates in patients 

with low albumin, high CRP, BMI <18.5 and >65 years of age 

compared to patients with normal albumin and CRP values.  

In this study, the prevalence of infectious complications 

after PEG placement was 55% in the non-CVE group and 45% in 

the CVE group. Higher CRP levels in the non-CVE group before 

PEG placement may be the reason for the rise in infectious 

complications.  

In Malmgren et al.’s study [14] on 201 stroke patients 

with a mean age of 81 years, the 90-day and one-year mortality 

rates were 46% and 67%, respectively. The same rates in our 

study turned out lower with 22% 90-day mortality and 44% one-

year mortality in the CVE group (mean age: 58 years). In a study 

performed by Callahan et al. [8] on 150 patients, the one-year 

mortality rate was similarly 47%. The lower average age in this 

trial could be the reason of lower mortality rate. Median survival 

span in James et al.’s study [15] was 305 days, while in the 

current study, it was twenty months (600 days) in the CVE 

group. James et al. [15] conducted this study in stroke patients 

with dysphagia between 1991-1995 and reported the demise of 

twenty-eight percent of the cases due to aspiration pneumonitis 

during hospital stay.  

The low median survival rate may be related to the fact 

that in those years, experience with the PEG placement technique 

was constrained and patient monitoring was not as thorough as 

today.  

Studies investigating the natural course of dysphagia 

following CVE showed that it spontaneously resolved in 7-14 

days after the event in 73%-86% of patients [7,17,18]. Thus, it 

may be recommended to wait for 2-3 weeks before PEG 

placement in CVE cases.  

In this study, 10% of the patients in the CVE group 

could be fed without PEG toward the finish of the first month, 

while 21% of the subjects could be orally fed at the end of the 

first year. In the non-CVE group, the ratios were determined as 

11% and 12%, respectively. The proportion of feeding without 

PEG did not increment in the forthcoming time frames. 

The ESPEN guideline [1] assesses the outcomes of the 

FOOD [17] and other studies on enteral nutrition in CVE patients 

with dysphagia and recommends that enteral nutrition should be 

initiated at the earliest opportunity except in contradictory cases 

in geriatric patients. Feeding via PEG should be favored over 

nasogastric tube due to better nutritional support and better long-

term treatment outcomes [18].  

Limitations 

There are various limitations to our study, the first one 

being the unevenly distributed gender. There were 37 females 

and 65 males. Secondly, the time between the baseline laboratory 

tests obtained before PEG placement and the last laboratory tests 

was not equal in all patients. Both limitations may have 

confounded the results.  

Conclusion 

PEG is recently considered to reduce mortality in 

selective populations. In our study, although 3-month survival 

rates after PEG placement was higher in the CVE group, no 

significant difference was detected in terms of survival rates 

between the groups at one year and overall follow-up times. 

Mortality rate was lower than many other studies. However, 

there are also studies showing an increase in mortality in the first 
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months, especially in CVE patients. Mortality studies in elderly 

and PEG-placed patients have varying results. Further studies 

with higher number of patients and more homogeneously 

distributed age and gender groups are needed to illuminate the 

advantages and disadvantages of PEG placement. 
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Abstract 

Aim: Ultrasound elastography (USE) has been found useful in differentiation between malignant and benign lesions of various tissues, 

such as the thyroid, breast, lymph node and prostate, however, there is limited data on the parotid gland. The aim of this study is to 

assess the diagnostic performance of B-mode ultrasonography (US) and USE findings in differentiating between benign and malignant 

parotid gland masses. A secondary goal is to evaluate results for the most frequent benign lesions.  

Methods: In this cross-sectional study, 57 masses in 48 patients were evaluated. 2 radiologists examined each patient. B-mode US (size, 

contour, skin depth, internal structures, calcification, cystic component) and USE (a semiquantitative value strain index (SI)) findings 

were noted. We considered each feature individually. All patients underwent fine needle aspiration cytology (FNAC) and surgical 

resection. 

Results: 50 masses were benign and 7 were malignant. Among B-mode US results, contour irregularity was found to have the highest 

accuracy (85.7%) in differentiating malignant lesions. When USE findings were considered, intra-observer agreement was moderate to 

fair and interobserver agreement was moderate. Malignant masses had mildly high SI scores. There was a wide range overlap between 

malignant and benign lesions. There was no statistically significant difference (P=0.422) and we could not attain a reliable SI cut-off 

value. 

Conclusion: Despite the promising results of USE in breast and thyroid lesions, conventional US findings and FNAC are still the 

primary diagnostic tool to evaluate parotid lesions.  

Keywords: Ultrasound elastography, Strain elastography, Strain index, Parotid gland 

 

Öz 

Amaç: Ultrason elastografi (USE) tiroid, meme lenf nodu ve prostat dokularının benign ve malign lezyonlarının ayrımında kullanışlı 

bulunmuştur. Bununla birlikte parotis bezindeki kullanımında sınırlı data mevcuttur. Biz bu çalışmada parotis bezi lezyonlarında benign 

malign ayrımında B-mod ultrasonografi (US) ve USE bulgularının tanısal performansını değerlendirmeyi amaçladık. İkincil hedef 

olarak da en sık rastlanan benign parotis bezi lezyonlarını kendi içerisinde değerlendirmeyi hedefledik. 

Yöntemler: Bu kesitsel çalışmada 48 hastada 57 lezyon değerlendirilmeye alındı. Her hasta iki radyolog tarafından muayene edildi. B-

mod US (boyut, kontur, ciltten derinlik, içyapı, kalsifikasyon, kistik komponent) ve USE (gerinim oranı olarak belirtilen yarı nicel 

değer) bulguları not edildi. Her bulgu ayrı ayrı değerlendirildi. Her hastaya ince iğne aspirasyon biyopsisi ve sonrasında cerrahi 

rezeksiyon uygulandı. 

Bulgular: Lezyonların 50’si benign, 7’si malign olarak patolojik tanı aldı. B-mod ultrason bulguları dikkate alındığında düzensiz kontur 

özelliğinin malign lezyonların ayrımında en yüksek doğruluk oranına (%85,7) sahip olduğu görüldü. USE bulguları değerlendirildiğinde 

gözlemciler içi uyum orta-ortanın altında; gözlemciler arası uyum ise orta olarak saptandı. Malign kitleler benign olanlar ile 

kıyaslandığında hafif daha yüksek gerinim oranı değerlerine sahip olmakla birlikte istatistiksel olarak anlamlı fark tespit edilmedi 

(P=0,422) ve güvenilir bir eşik değer saptanamadı. 

Sonuç: USE ile meme ve tiroid lezyonlarındaki umut verici sonuçlar elde edilmesine rağmen parotis kitlelerinin değerlendirilmesinde 

konvansiyonel US bulguları ve ince iğne aspirasyon biyopsisi hala temel tanı aracı olarak geçerliliğini sürdürmektedir. 

Anahtar kelimeler: Ultrason elastografi, Strain elastografi, Gerinim oranı, Parotis bezi 
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Introduction 

Malignant or benign type of histology, superficial or 

deep localization of the tumor and differentiation between 

Warthin tumor and pleomorphic adenoma in benign tumors 

defines the type of the surgical approach [1]. Although FNAC is 

considered the gold standard in diagnosis, its sensitivity and 

specificity varies within a wide range, between 57-98% and 56-

100% respectively, with an accuracy of 78-98% [2,3]. 

Ultrasonography (US) and magnetic resonance imaging (MRI) 

are the main non-invasive imaging techniques for the evaluation 

of parotid gland masses. Despite the fact that US and MRI 

characteristics of parotid lesions are already known, there is 

notable overlap in imaging findings [4,5]. Therefore, additional 

methods are needed. USE is an imaging technique based on the 

evaluation of the differences in tissue stiffness [6,7]. The method 

was found especially useful in differentiation of malignant and 

benign breast masses and thyroid nodules [8-12]. The current 

data regarding the use of this method in the parotid gland is 

limited. Our aim in this study is to compare strain elastography 

and B-mode US findings in differentiating between malignant 

and benign lesions of the parotid gland, and our secondary aim is 

to evaluate our results for differentiating between pleomorphic 

adenoma and Warthin tumor, which are the most frequently 

encountered benign tumors.  

Materials and methods 

Study design and patient selection 

Patients who were diagnosed with intraparotid masses 

following clinical examination and radiological imaging for the 

first time, who were between the ages of 18-80 and had no 

previous surgical intervention were included in this study. 

Patients with recurring symptoms, extraparotid masses and those 

younger than 18 or older than 80 years were excluded. Our study 

was approved by the ethics review committee in accordance with 

the Declaration of Helsinki. All patients signed an informed 

consent. 

Technique 

Two experienced radiologists performed sonographic 

examinations in a dimly lit room. Patients were evaluated for 

both parotid glands while lying in supine position with their 

necks hyperextended. US and USE were performed with the 

same equipment, using a 17.5 MHz linear probe with 

elastography software (IU22 digital ultrasonography Philips, 

Bothell, Washington, USA). B-mode US and sonoelastography 

images of all cases were obtained. B-mode examination was 

performed first and size, contour, skin depth, internal structures, 

calcification, cystic component features of the masses were 

noted. USE examination followed, using the same transducer in 

elastographic mode for obtaining real time elastography images. 

Transducer was held perpendicular to the skin. Minimal 

compression was applied by the aid of pressure indicator located 

to the right side of the screen to improve intra and interobserver 

agreement. Elastograms were located to the right side of the 

screen and corresponding B-mode images were on the left. 

Examination frame including the whole mass and surrounding 

normal parotid tissue was adjusted. Depending on the degree of 

their stiffness, tissues were color-coded in red and blue with 

corresponding soft and hard areas with a colorimetric scale. A 

region of interest (ROI) circle was placed in the area thought to 

be the stiffest part of the mass while avoiding cystic parts and 

calcifications. Another ROI with the same diameter was placed 

at the same depth in the normal parotid tissue. The software 

assessed a semiquantitative value for SI within the ROI. Both 

radiologists reviewed two USE images of each mass. A total of 

four measurements were recorded for each lesion. The highest SI 

value was defined as SImax after evaluation by each observer both 

individually and together (Figures 1-3).  
 

 
 

Figure 1: Hypoechogenic solid lesion with lobulated contours and posterior enhancement (SI 

value: 5.34. Mass is diagnosed as Pleomorphic Adenoma with FNAC.) 
 

 
 

Figure 2: Well-defined hypoechoic lesion with internal microcystic spaces (SI value: 7.86, 

diagnosed as Warthin Tumor with FNAC.) 
 

 
 

Figure 3: Ill-defined heterogeneous mass lesion with irregular contours (SI value: 2.58, 

diagnosed with mucoepidermoid carcinoma by FNAC.) 
 

Histopathological diagnosis 

The cytopathologist blinded to radiological findings 

evaluated FNAC. Each patient diagnosed on basis of pathologic 

examination underwent surgical resection. 

Statistical analysis 

Descriptive statistics were used to define the 

characteristics of the continuous variables (mean (standard 

deviation (SD)) and minimum-median-maximum). Independent 

and normally distributed two continuous variables were 

compared with the Student’s t-test, while independent and non-

normally distributed variables were compared using the Mann 
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Whitney U test. Chi-square or Fisher’s Exact test were used to 

summarize the relations between categorical variables. To 

determine intraobserver and interobserver agreement degree, 

weighted kappa statistics were used. Interpretation was as 

follows: <0.00 poor agreement, 0.00–0.20: slight agreement, 

0.21–0.40: fair agreement, 0.41–0.60: moderate agreement, 

0.61–0.80: substantial agreement, and 0.81–1.00: excellent 

agreement [13]. P<0.05 was considered statistically significant. 

Analyses were performed with MedCalc Statistical Software 

version 12.7.7 (MedCalc Software bvba, Ostend, Belgium; 

http://www.medcalc.org 2013) program. 

Power analysis was performed with G*Power 3.1.9.4 

software. The power of this data was calculated as 1-β=0.82 with 

n1=50, n2=7, α=0.05 and an effect size of d=1.05. 

Results 

Forty-eight patients (24 females, 24 male) were 

included in the study. Age range was between 15-87 years (53 

(15.5)). Two patients were excluded from the study due to the 

lack of a reliable elastographic measurement: The first case had a 

mass located 15mm deep from the skin surface with half of the 

lesion extending behind the mandible. The second case had a 4x4 

cm mass protruding from skin surface, both of which prevented 

accurate elastographic examination.  

Among 57 masses, 50 masses (87.7%) were benign and 

7 masses (12.3%) were malignant. Histological subtypes 

included 2 lymphomas (3.5%), 5 basal cell adenomas (7.1%), 1 

oncocytoma (1.7%), 1 large cell undifferentiated carcinoma 

(1.7%), 1 granuloma (1.7%), 1 hemangioma (1.7%), 1 metastasis 

(1.7%), 2 mucoepidermoid carcinomas (3.5%), 1 high grade 

acinic cell carcinoma (1.7%), 17 pleomorphic adenomas 

(29.8%), and 25 Warthin tumors (43.8%). FNAC results were 

confirmed after examination of the whole resection specimen. 

Short axes of masses ranged from 4 mm to 37 mm (: 15 

(6.8) mm) while long axes ranged from 8 to 45mm (: 15 (6.8) 

mm). Skin depth of the lesions ranged between 2 mm and 9 mm 

(: 3 (1.5) mm). 

46 (95%) patients had unilateral, and 2 (5%) patients 

had bilateral (one basal cell adenoma, one Warthin tumor) 

masses. 39 patients (81.9%) had single, and 9 patients (18.1%) 

had multiple masses (8 Warthin tumors, 1 lymphoma). 

During B-mode ultrasonography, contour, tumor size, 

internal structure, cystic component, calcification features were 

noted for each mass (Table 1).  

Contour irregularity was the most useful parameter 

among all B-mode sonography findings (sensitivity 28.5%, 

specificity 93.8%, accuracy 85.7%) in differentiating between 

benign and malign masses (Table 2). Heterogeneity of internal 

structure wasn’t found useful in differenting malignant masses 

(sensitivity 57.1%, specificity 44.1%, accuracy 46%) from 

benign ones. We observed calcification in both malignant (one 

high grade acinic cell carcinoma, one metastasis) and benign 

(two Warthin tumor) masses. 

In differential diagnosis of the most frequent benign 

masses, contour lobulation of the pleomorphic adenoma and the 

presence of the cystic component in the Warthin tumor were 

evaluated (Table 3). 

Following the B-mode examination, two radiologists 

recorded two sonoelastography measurements from each lesion. 

Upon consideration of SImax values, intraoberserver agreement 

was moderate for the first (0.532) and fair for the second 

observer (0.375), and interobserver agreement was moderate 

(0.481).  

The SImax data from the elastography measurements 

were evaluated individually and together for each observer. 

Malignant masses showed mildly higher elastography scores 

than benign masses, which were statistically insignificant (Table 

4). 

Among malignant masses, large cell undifferentiated 

carcinomas showed the highest SI value (6.91), followed by 

lymphomas (4.6 (0.8)), mucoepidermoid carcinomas (3.97 (2,1)), 

metastases (3.9), and high grade acinic cell carcinoma (2.11). 

Pleomorphic adenoma and Warthin tumor were the 

most common benign masses evaluated by USE. No reliable cut-

off value could be demonstrated (P=0.990).  
Table 1: B-mode US features of the masses 
 

Feature Benign n=50 Malignant 

n=7 Pleomorphic 

adenoma 

n=17 

Warthin 

tumor 

n=25 

Others 

n=8  

Contour          

 Regular 6 22 5 5 

 Lobulated 8 2 0 0 

 Irregular 1 1 1 2 

Internal structure          

 Homogenous 9 10 0 3 

 Heterogeneous 5 13 6 4 

Cystic 

component 

        

 Present 2 23 5 5 

 Absent 13 2 1 2 

Calcification         

 Present 0 2 0 2 

 Absent 17 23 8 5 
 

Table 2: Diagnostic performances of irregular contour and heterogeneous internal structure 

(PPV: positive predictive value, NPV: negative predictive value, CI: confidence interval) 
 

Feature Sensitivity % 

(CI) 

Specificity % 

(CI) 

PPV % 

(CI) 

NPV % 

(CI) 

Accuracy 

% 

Irregular contour 28.5 (3.67-70.96) 93.8 (83.16-98.72) 40 (11.82-76.83) 90.2 (85.14-93.66) 85.7 
Heterogeneous 

internal structure 

44.1 (29.08-60.12) 57.1 (18.41-90.10) 86.3 (71.64-94.07) 14.2 (7.68-25.03) 46 

 

Table 3: Diagnostic performances of lobulated contour and cystic component in benign 

masses (PPV: positive predictive value, NPV: negative predictive value, CI: confidence 

interval) 
 

Feature Sensitivity % (CI) Specifity % (CI) PPV % (CI) NPV % (CI) Accuracy % 

Lobulated 

contour 

47 (22.98-72.19) 95 (83.08-99.39) 80 (48.61-94.42) 80 (72.84-86.92) 80.7 

Cystic 

component 

92 (73.97-99.02) 55.1 (35.69-73.55) 63.8 (53.76-72.92) 88.8 (67.04-96.92) 72.2 

 

Table 4: USE SImax score of benign – malignant lesions 
 

 Biopsy Mean (SD) Range P-value 

Observer 1 SImax Malignant 5.5 (1.9) 2.4- 8.1 0.961 

 Benign 5.5 (2.3) 1.1-11.1  

Observer 2 SImax Malignant 6.2 (2.6) 2.4-9.3 0.645 

 Benign 5.8 (2.6) 2.1-13.2  

SImax within two observers Malignant 7.3 (1.6) 5.6-9.3 0.422 

 Benign 6.6 (2.5) 2.1-13.2  
 

Discussion 

A non-invasive, easily applicable, cost-effective, and 

repeatable method with high sensitivity, ultrasonography is the 

first step imaging method in the examination of the parotid gland 

pathologies [14,15]. However it has a low accuracy in 

differentiating between benign and malignant lesions [16]. 

Therefore, new diagnostic methods are under investigation. USE 

is a newly developed qualitative - quantitative reflective imaging 

method evaluating tissue stiffness. Theoretically malignant 

tissues are stiffer than the benign tissues. USE has been found 

useful for differentiating between malignant and benign nodules 

for breast, thyroid, prostate tissues. There are also a limited 
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number of studies evaluating lymph nodes and pancreas by USE 

[17-21]. 

There are studies using different methods of USE to 

measure tissue stiffness of parotid gland masses [8,22-25]. 

Bathia et al. used shear wave elastography as a quantitative 

method of USE to assess parotid masses. They found that SWE 

values of benign masses (18.3 (6) kPa) significantly overlap with 

malignant masses (13.5 (4.6) kPa), and that pleomorphic 

adenomas (22.5 (12.4) kPa) have higher SWE values than 

Warthin tumors (16.9 (4.8) kPa). In conclusion, they stated that 

according to the pathologic subtypes, parotid masses have wide 

range of overlap in the SWE values, which limits SWE use in 

routine practice to exclude malignancy [24]. 

Another study conducted on 65 salivary gland masses 

classified tissue stiffness with elastography score (ES) points 

between 1 – 4 relative to adjacent normal salivary gland 

parenchyma. They found that pleomorphic adenomas are stiffer 

than Warthin tumors and all primary malignant masses had 4 

points, while noting the presence of many ES 4 lesions among 

benign ones. In conclusion, they emphasize that USE is an 

adjunctive technique in differential diagnosis between benign 

and malignant masses, but not a primary tool [8]. 

Yerli et al. examined 36 patients and assessed masses 

with a 4-point modified Itoh scoring system. They reported that 

benign masses (n:28) had a score between 1 and 4 and malignant 

masses (n:8), between 2 and 4. They considered masses scoring 

between 1 and 2 points as benign, and 3 and 4 as malignant, and 

found that 64.2% of benign masses were correctly identified. In 

their study, 10 patients had false positive malignant results [26]. 

Another study by Celebi et al. [27] included 81 masses 

in 75 patients, and correctly identified 30 of 49 benign masses 

and 19 of 32 malign masses using the 4-point scoring system. 

They determined that pleomorphic adenoma, Warthin tumor, 

adenoid cystic carcinoma and high-grade tumors had lower 

scores while low grade tumors (like mucoepidermoid 

carcinoma), acinic cell cancer, metastasis and basal cell 

adenocarcinoma had higher scores. 

Cantisani et al. [22] evaluated 63 masses prospectively 

by B-mode US, colored Doppler US (CDUS) and USE. The 

noted findings for B-mode sonography were contour, 

echogenicity, and the presence of a capsule, for CDUS, central or 

peripheral vascularization and for USE, elasticity contrast index 

(a semiquantitative stiffness evaluation method). The evaluation 

of B-mode and CDUS results together yielded an accuracy of 

61.8%, while the evaluation of ECI results alone with a 3.5 cut-

off value yielded an accuracy of 90.3%. There was no 

statistically significant difference when conventional and USE 

finding criteria were compared. 

Recently a meta-analysis published by Zhang et al. [28] 

evaluated the role of USE in the assessment of parotid masses, in 

which ten studies consisting of 711 patients with 725 parotid 

masses were included. They reported a pooled sensitivity and 

specificity of 67% and 64%, respectively. Heterogeneity was 

observed due to assessment method. Quantitative and 

semiquantitative methods showed higher pooled results 

compared to qualitative methods. Finally, they concluded that 

USE has limited and unsatisfactory value in the differential 

diagnosis between benign and malignant parotid masses. 

In our study we evaluated 57 masses (benign: 50, 

malignant: 7). 17 of the benign masses were pleomorphic 

adenomas and 25 were Warthin tumors. 4 were primary and 3 

were secondary salivary gland masses. The distribution of the 

malignant masses was consistent with the literature, but the rate 

of Warthin tumor was higher in our study compared to previous 

studies [14,29-31]. 

A well-defined contour on B-mode can be used with 

high accuracy as a benignity criterion, however, the homogenous 

inner structure can be observed in malignant lesions as well as 

benign lesions. Malignant masses also showed calcification that 

is normally expected in benign masses like hemangioma or 

vascular malformations. Strain elastography by means of SI was 

used as a semiquantitative USE method in assessment of parotid 

masses. We considered each observer’s results both individually 

and together yet could not find a reliable threshold value for 

differentiating between benign and malignant masses. 

The inner structure of malignant breast and thyroid 

lesions are relatively homogenous. The four-point 

semiquantitative scoring system was found useful in these 

tissues. On the contrary, parotid gland neoplasms show marked 

heterogeneity when histologic subtypes are analyzed. In adenoid 

cystic carcinoma and mucoepidermoid carcinoma (the most 

commonly encountered malignant tumors) soft and hard tissues 

coexist. So higher points (3 – 4) were rarely observed in 

malignant lesions of the parotid gland. For the above stated 

reasons, adapting this semiquantitative scoring system to parotid 

gland lesions was not considered suitable [18,20,32]. 

Technical aspects that can lead to difficulties and 

limitations are important in elastography imaging. Parotid gland 

is superficially located under the skin. Large, protruding lesions 

may be problematic to examine and get reliable elastography 

measurements because it’s hard to adopt the transducer. 

Freehand compression, which was used to generate elastograms, 

presumably creates some subtle tissue displacement. We 

excluded one patient from our study with a mass located 15mm 

deep to the skin extending posterior to the mandible because no 

reliable measurement could be obtained. These controversies 

may explain why intra-observer agreement is fair-moderate and 

interobserver agreement is moderate in our study, unlike 

previous breast and thyroid studies.  

Limitations 

Our study has limitations. The prevalence of malignant 

lesions was consistent with the literature, but the number of 

primary parotid gland malignancy cases were limited. We 

considered each B-mode and USE features independently while 

assessing the lesions and did not include CDUS features. 

Combination of these features may improve diagnostic accuracy. 

Strain elastography is a semi-quantitative and operator-

dependent method that influences intra/interobserver agreement.  

Conclusion 

Parotid gland lesions are suitable for elastography 

studies due to their superficial location. Differentiating between 

benign and malign cases is the key point to decide the choice of 

treatment. In our study we conclude that strain elastography is 

not a reliable tool to differentiate benign from malignant masses 

since there is a wide range overlap. While pleomorphic 

adenomas containing rigid fibrous tissue are expected to have 
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high SI values, upon evaluation of histological subtypes, no 

significant association between pleomorphic adenomas and 

malignant lesions or Warthin tumors were observed. We 

conclude that in daily practice and algorithm, conventional US 

findings along with FNAC remain the diagnostic tool to assess 

parotid gland lesions. 
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Abstract 

Aim: Teratogenic substances such as nicotine, alcohol, caffeine, and derivatives, which pregnant women may get exposed to 

unconsciously or use consciously can harm the mother and directly or indirectly damage embryonal and fetal tissues. Melatonin has 

been shown to exert direct free radical trapping and indirect antioxidant effects in different organs and tissues. In this study, we aimed to 

biochemically evaluate the effects of melatonin, a powerful antioxidant battling the oxidative effects of high and low doses of caffeine 

administered to pregnant rats in fetal lung tissues.  

Methods: In our study, 35 pregnant adult female Sprague-Dawley rats were used. Pregnant rats were divided into 7 groups with 5 rats in 

each. Caffeine and melatonin were administered for 20 days during the pregnancy. The gestational period lasted 21 days in average. The 

offspring were sacrificed, and lung tissues were removed. Superoxide dismutase (SOD), glutathione (GSH), glutathione disulfide 

(GSSG), total oxidant status (TOS), total antioxidant status (TAS), calcium (Ca) and vitamin D (Vit D) were measured by 

spectrophotometric assay. The oxidative stress index (OSI) and total glutathione (GSH/GSSG) were determinants of oxidative stress and 

were calculated as TOS/TAS and GSH/GSSG ratios, respectively. 

Results: The highest TAS value was obtained in the Melatonin group (M) group. GSH and GSH/GSSG was highest in the control group, 

whereas GSSG was the highest in the high-dose caffeine group (HDC) group. HDC group had the highest SOD value compared to the 

other groups (P<0.05). 

Conclusions: According to these data, it was determined that caffeine used during pregnancy delayed the development of lung, and 

melatonin, which is a strong antioxidant, minimized the delay.  

Keywords: Rat, Caffeine, Melatonin, Lung, Fetus 

 

Öz 

Amaç: Hamilelik sırasında bilinçli olarak kullanılan veya bilinçsizce maruz kalınan nikotin, alkol, kafein ve türevler gibi teratojenik 

maddelerin embriyonal ve fetal dokulara doğrudan veya dolaylı olarak zarar vermesinin yanı sıra anneye de zarar verebilir. Melatoninin 

farklı organ ve dokularda doğrudan serbest radikal toplayıcısı ve dolaylı antioksidan etkileri olduğu gösterilmiştir. Bu çalışmada, fetus 

akciğer dokularında gebe sıçanlara uygulanan yüksek ve düşük dozdaki kafeinin etkisine karşı güçlü bir antioksidan olan melatoninin 

değerlendirilmesi amaçlanmıştır. 

Yöntemler: Çalışmamızda 35 adet yetişkin dişi Sprague-Dawley sıçan kullanıldı. Gebe sıçanlar, her birinde 5 sıçan olacak şekilde 7 

gruba ayrıldı. Gebelere 20 gün boyunca invaziv işlemler uygulandı. Deney grubuna kafein, kafein yanı sıra tedavi gruplarına melatonin 

uygulandı. Yavrular sakrifiye edildi ve akciğer dokuları çıkarıldı. Süperoksit dismutaz (SOD), Glutatyon (GSH), Glutatyon disülfür 

(GSSG) toplam oksidan durumu (TOS), toplam antioksidan durumu (TAS), Kalsiyum (Ca) ve D vitamini (Vit D)) spektrofotometrik 

analiz ile ölçüldü. Oksidatif stres indeksi (OSI) ve Total glutation (GSH/ GSSG), oksidatif stres dokularının yararlı göstergeleridir ve 

sırasıyla TOS/TAS ve GSH/ GSSG oranı olarak hesaplandı. 

Bulgular: M grubunda elde edilen en yüksek TAS değeri, GSH ve GSH / GSSG kontrol grubunda en yüksek, GSSG ise HDC grubunda 

en yüksek değere sahipti. HDC grubunda SOD diğer gruplara göre en yüksek değere sahipti (P<0,05). 

Sonuçlar: Bu verilere göre, gebelikte kullanılan kafeinin akciğer gelişimini geciktirdiği ve güçlü bir antioksidan olan melatonin 

gecikmeyi en aza indirdiği gözlendi. 

Anahtar kelimeler: Sıçan, Kefein, Melatonin, Akciğer, Fetüs 
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Introduction 

Caffeine, an important stimulant, has been associated 

with many positive and negative effects on health. Teratogenic 

substances such as nicotine, alcohol, caffeine, and derivatives 

that pregnant women use consciously or get exposed to 

unconsciously can harm the mother and directly or indirectly 

damage embryonal and fetal tissues. The immature detoxification 

enzymes of the fetus and the failure of fetal renal excretion of 

these substances, which can easily pass through the placenta, are 

the two main reasons why the embryo is affected by these 

teratogenic substances [1]. 

Caffeine is naturally found in the seeds, leaves and 

fruits of many plants, including coffee and cocoa beans, tea 

leaves and cola seeds [2,3]. 

Caffeine [1,3,7-trimethylxanthine] is an alkaloid 

naturally found in coffee beans [4]. The caffeine content of 

coffee varies according to the preparation method and type. After 

caffeine is orally ingested, it is rapidly absorbed from the 

stomach and the small intestine, reaching its peak level in the 

blood. As a result of its metabolism in the liver, many 

metabolites such as paraxanthine, theobromine and theophylline 

are released [5-7]. Since there is no barrier for caffeine, it readily 

diffuses into the brain, testes, and other tissues throughout the 

body along with the placenta into the fetus [5]. It has also been 

reported to adversely affect bone health and increase the risk of 

post-menopausal osteoporosis, as high-dose caffeine increases 

the excretion of calcium and magnesium from the urine, leading 

to the development of osteoporosis [8]. 

Melatonin (5-methoxy-N-acetyl-tryptamine) is 

synthesized and secreted mainly from the pineal gland, ovary, 

lens and bone marrow cells and bile and gastrointestinal system 

in mammals [9]. Melatonin is synthesized from tryptophan in the 

pineal gland, secreted in the dark and binds to plasma proteins. It 

is metabolized in the liver and has been shown to have direct free 

radical trapping and indirect antioxidant effects in different 

organs and tissues [10-12]. 

To the best of our knowledge, there are no studies on 

the protective effect of melatonin against the oxidative stress 

caused by caffeine on fetal lung tissue in the literature. In this 

study, we aimed to biochemically evaluate the effects of 

melatonin, a powerful antioxidant battling the oxidative effects 

of high and low doses of caffeine administered to pregnant rats 

in fetal lung tissues.  

Materials and methods 

Animal selection and breeding 

Sprague-Dawley female rats weighing between 200-250 

g, obtained from Experimental Animals and Clinical Research 

Center of Erciyes University (DEKAM), were used in this study. 

Ethics approval was obtained from the Local Ethics Committee 

of Animal Experiments of Erciyes University on 13/09/2017 (no: 

17/086), and rules set forth by this committee were adhered to. 

One male and two female rats were put into each cage at 17.00 

pm on the day of mating. The following morning at 07.00, 

vaginal smear was obtained from the female rats. Those in which 

sperm was observed were considered 0.5 day pregnant. During 

the study, rats were kept in DEKAM at a constant temperature of 

22ºC with 12 hours of light/dark cycles. All rats were fed pellets 

containing 21% crude protein and tap water ad-libitum.  

Preparation of injections 

Caffeine and Melatonin powder (CAS Number 73-31-4) 

were obtained from Sigma Aldrich. Drinking water was used as 

the solvent to adjust the amount of caffeine to be administered to 

the rats. Hanks Balanced Salt Solution (Hanks) was used for 

dissolving powdered melatonin. Both substances were prepared 

daily, and no stock solution was made. 

Formation of experimental groups 

Pregnant rats were randomly divided into 7 groups with 

5 rats in each group, as listed below: 

1.Control group (C): The rats were administered 

physiological saline solution (SF) (1 ml/kg/day) intraperitoneally 

(i.p.) at 17.00 for 20 consecutive gestational days.  

2.Sham group (S): The rats were administered 0.1 ml 

Hanks i.p. at 17.00 for 20 consecutive gestational days.  

3.Melatonin group (M): 10 mg/kg melatonin was 

administered i.p. for 20 consecutive gestational days.  

4.Low-dose caffeine group (LDC): The rats were 

administered 30 mg/kg caffeine by gavage for 20 consecutive 

gestational days.  

5.High-dose caffeine group (HDC): The rats were 

administered 60 mg/kg caffeine by gavage for 20 consecutive 

gestational days.  

6.Low-dose caffeine+Melatonin group (LDC+M): 

The rats were administered 30 mg/kg caffeine by gavage and 10 

mg/kg melatonin i.p for 20 consecutive gestational days.  

7.High dose caffeine+Melatonin group (HDC+M): 

The rats were administered 60 mg/kg caffeine by gavage and 10 

mg/kg melatonin i.p for 20 consecutive gestational days.  

Obtaining fetuses from rats  

Pregnant rats were anesthetized with ketamine (75 

mg/kg) + xylazine (10 mg/kg) on the 20
th

 day of pregnancy. The 

abdominal skins of the rats were cleaned with 70% alcohol and 

the anterior abdominal walls were removed by a ‘V’ shaped 

incision extending from the pubis to the rib cage. The uterus and 

fetuses were removed together with their placenta and dissected 

individually. The lung tissues of the fetuses were stored at -80ºC 

until biochemical parameters were evaluated. 

Biochemical methods 

Tissue preparation and protein quantification 

Lung tissue used for analysis was placed into 

microcentrifuge tubes, washed 3 times with 1mL 100 mM PBS 

and aspirated. Stainless steel beads (1.6 mm blend) were used for 

homogenization with 100 mM PBS. After homogenization, 

homogenates were centrifuged at 10.000 RPM for 30 minutes at 

+4°C. Supernatants were used as protein samples. BioRAD DC 

Protein Assay Kit (BioRAD, 5000116) was used to assay the 

protein content. 

Oxidative stress parameters 

The parameters of oxidative stress (TAS, TOS and SOD 

levels) were determined with the spectrophotometric method. 

The TAS and TOS tissue levels were calculated based on Erel 

[13]. To compute antioxidant levels in samples, the antioxidant 

of a known amount (1.65 mmol/l) was used. TAS level is 

presented as mmolTrolox equivalent/l (mmolTrolox equiv./l). 

For determination of the TOS level, the assay was calibrated 
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with a standard hydrogen peroxide solution (39.16 µmol/l). The 

results are presented as µmol H2O2 equivalent/l (µmol H2O2 

equiv./l). Other oxidative stress parameters such as GSH (Cat. 

No: E-BC-K030-M), GSSG (Cat. No: 703002, Cayman, USA) 

and SOD (Cat. E-BC-K020, Elabscience, USA) were calculated 

with a spectrophotometer (Multiskan, Thermo Fisher) according 

to the manufacturer’s instructions. Commercial ELISA kits (EIA 

5396 DRG, Germany) were utilized for Vitamin D analysis.  

Ca
+2 

assay 

Total Ca
+2

 was evaluated with the calcium colorimetric 

assay kit (ab102505; Abcam) according to the manufacturer’s 

datasheet. 25 µL of standard solution and 25 µL of supernatant 

extracted from tissue (diluted 1:10) were mixed with 45 µL of 

chromogenic reagent and 30 µL assay buffer. The mixture was 

incubated at room temperature for 15 minutes in the dark. The 

signal was screened at 575 nm (ThermoVarioscan). The 

concentration of calcium in the samples was calculated according 

to the technique described by Sen et al. in 2018. 

Statistical analysis 

SPSS version 23.0 (IBM Co., NY, USA) was used for 

all analyses. Data were presented as mean (standard deviation). 

Differences among the groups were analyzed with one-way 

analysis of variance (ANOVA) and Post hoc Tukey’s tests for 

continuous variables and parametric data, respectively. The 

Kruskal-Wallis and the Post hoc Dunn's tests were used for 

nonparametric data. P-value <0.05 was considered statistically 

significant.  

Results 

Assessment of oxidative stress parameters 

The highest TAS and TOS values were obtained in the 

M and control groups, respectively. Melatonin administration 

increased antioxidant status significantly in a dose dependent 

manner when compared with the caffeine group. Dose-dependent 

melatonin exerted a more powerful antioxidant effect when used 

without caffeine. TOS values showed that the highest oxidant 

effect was observed in the HDC group. Control group had the 

lowest value. Oxidative stress index was calculated by the ratio 

of TOS/TAS. OSI was considerably higher in the HDC group 

and lower in the melatonin-administrated groups (Table 1).  

GSH and GSH/GSSG were the highest in the control 

group, whereas GSSG was highest in the HDC group. Melatonin 

increased GSH and GSH/GSSG values while decreasing GSSG 

(Table 1). 

SOD was highest in the SDC group. The intracellular 

calcium and vitamin D values of the M group were higher than 

all the other groups. According to these results, melatonin 

markedly decreased oxidative stress by stimulating the 

antioxidant system.  
 

 

 

 

 

 

 

 

 

 

 
 

Discussion 

In case of a disturbance in embryological and fetal lung 

development, congenital lung anomalies and malformations may 

be encountered [14-16]. It is emphasized by many researchers 

that cytotoxic agents adversely affect the development of organs 

during embryo-fetal development [17-22]. These studies evaluate 

the physiological, biochemical, and pathological changes related 

to anatomical structure and function of the lungs in the prenatal 

and postnatal periods [23-25]. In the literature, it is emphasized 

that information on the fetal development of lungs is of great 

significance in terms of early diagnosis and treatment of lung 

anomalies [14-16]. 

Lipids are the most sensitive to the toxic effects of 

reactive oxygen products in biological structures. 

Polyunsaturated fatty acids in the cell membrane readily react 

with free oxygen radicals and lipid peroxidation occurs. As a 

result of the damage of these unsaturated fatty acids, membrane 

fluidity decreases. MDA is the end-product of lipid peroxidation 

that develops as a result of oxidative stress and is an important 

indicator of lipid damage [26]. 

There are some studies about melatonin for its 

decreasing effect on lipid peroxidation. However, antioxidant 

enzyme activity shows various results with the use of melatonin 

[26,27]. Maarman et al. [26] found a decrease in the activity of 

plasma and lipoperoxidation of SOD and CAT enzymes in 

animals with Pulmonary Hypertension treated with Melatonin. 

Taşlıdere et al. [27] associated melatonin use with increased 

activity of CAT and Glutathione (GSH) enzymes in rat lung 

tissue after decreased lipoperoxidation and cirrhosis induced by 

carbon tetrachloride (CCl4). Borges et al. [23] showed that the 

use of melatonin reduced muscle lipoperoxidation induced by 

vigorous exercise and increased SOD activity, but there was no 

notable change in CAT and Glutathione Peroxidase (GPx) 

activity. Similarly, Rosa et al. [24] showed that melatonin 

reduced lipoperoxidation and increased SOD activity in the livers 

of animals with experimental Sleep Apnea models. 

Oxidative stress is reportedly important in the 

pathogenesis of neonatal diseases. Giuffre et al. [29] reported 

that glutathione, lipid hydroperoxides and heat shock protein 

chaperone 60 may have functional and diagnostic importance for 

oxidative stress in newborns. 

In the study of Taban et al. [30] the effects of lipid 

peroxidation product MDA, oxidative stress markers TAS, TOS 

and OSI, and the effect of bosentan were evaluated in rats by 

creating a hyperoxic lung injury model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: The biochemical parameters of fetus lung 
 

Value Control Sham group M group LDC group HDC group LDC+M group HDC+M group P-value 

TAS 1.25(0.05) 1.12(0.06)a 1.36(0.07)b 0.80(0.06)c 0.59(0.03)d 0.88(0.08)e 0.74(0.03)f <0.001 

TOS 5.06(0.82) 6.09(0.49)a 5.46(0.22)b 7.03(0.44)c 8.81(0.42)d 5.45(0.66)e 5.57(0.36)f <0.001 

OSI 0.40(0.05) 0.54(0.07)a 0.40(0.02)b 0.88(0.10)c 1.47(0.13)d 0.62(0.10)e 0.74(0.04)f <0.001 

GSH 2.81(0.11) 2.56(0.14)a 3.13(0.16)b 1.86(0.13)c 1.38(0.06)d 2.01(0.18)e 1.70(0.07)f <0.001 

GSSG 0.39(0.06) 0.48(0.03)a 0.42(0.01)b 0.55(0.03)c 0.70(0.03)d 0.43(0.05)e 0.44(0.02)f <0.001 

GSH/GSSG 281.12(11.82) 61.38(2.91)a 313.96(16.20)b 186.50(13.40)c 138.53(6.58)d 201.15(18.99)e 170.42(7.13)f <0.001 

TBARS 0.68(0.11) 0.82(0.06)a 0.73(0.02)b 0.94(0.05)c 1.19(0.05)d 0.73(0.08)e 0.75(0.04)f <0.001 

SOD 8.56(1.38) 10.29(0.84)a 9.23(0.37)b 11.88(0.75) c 14.91(0.71)d 9.21(1.11)e 9.41(0.60)f <0.001 

Ca 8.23(0.35) 7.40(0.43)a 8.99(0.47)b 5.35(0.40)c 4.05(0.21)d 5.85(0.57)e 4.96(0.21)f <0.001 

VİT D 4.90(0.20) 4.39(0.26)a 5.35(0.28)b 3.13(0.24)c 2.32(0.13)d 3.46(0.34)e 2.91(0.12)f <0.001 
 

a, b, c, d, e, and f represent comparisons with the control group. a: Sham group vs Control group b: M group vs Control group c: LDC group vs Control group d: HDC group vs Control group e: LDC+M group vs Control 

group f: HDC+M group vs Control group 
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TAS levels were found to be significantly lower in the 

group with the highest room air + bosentan group and in groups 

with hyperoxic lung injury. TOS level was higher in the room air 

+ bosentan group than the late bosentan group. There was no 

significant difference between the other groups. There were no 

significant differences between the groups in terms of OSI and 

MDA levels. With these results, they reported that bosentan 

reduced IL-6 and TNF-α in BPD-induced rats by a hyperoxic 

lung injury model and provided histopathological improvement 

with its anti-inflammatory effect. 

Durceylan et al. [31] investigated the protective effects 

of melatonin with proven antioxidant activity on lung injury after 

TAV in rats. The biochemical analysis of lung tissue samples 

taken during and at the end of the experiment revealed that SOD 

levels were significantly higher in the melatonin-treated group 

after TAV and there was a significant decrease in MDA. It was 

concluded that preoperative melatonin use may reduce 

postoperative lung injury in patients with high tissue oxidation 

and inflammatory potentials. 

Recent studies have emphasized the antioxidant 

properties of melatonin, and melatonin hormone has been shown 

to have a protective effect against lung damage due to oxidative 

stress [32-34]. Arslan et al. [32] reported that melatonin hormone 

prevents bleomycin-induced pulmonary fibrosis in the rat lung. 

Topal et al. [33] showed that melatonin administration has 

protective effects against oxidative stress in rat lung caused by 

hyperbaric oxygen exposure. 

Harmless et al. [34] reported that melatonin prevented 

damage to lung tissue due to formaldehyde (FA) exposure. 

Showing that MDA, XO and SOD enzyme levels decreased and 

reached that of the control group in melatonin-treated rats with 

FA exposure, they explained that the increase in SOD enzyme 

activity due to FA exposure decreased with melatonin treatment. 

Crossley et al. [35] investigated the effects of acute caffeine 

administration on renal and pulmonary functions in preterm 

lambs. They found that caffeine did not affect blood flow to the 

pulmonary artery, patent ductus arteriosus or other renal, 

respiratory or cardiovascular parameters examined. However, 

they reported that caffeine increased neonatal heart rate and urine 

output. 

In the current study, HDC group had the lowest GSH 

activity. After caffeine treatment following melatonin 

administration GSH increased in HDC+M group.  

TAS, TOS, SOD and Vitamin D are crucial biomarkers 

to evaluate oxidative damage. In this study we detected that 

melatonin decreased TAS while increasing TOS levels in the 

HDC group. The highest value of SOD was observed in HDC 

group and the lowest value was recorded in the control group. 

Caffeine significantly increased SOD by stimulating the reactive 

oxygen system, and melatonin slightly decreased the effect of 

caffeine. We conclude that melatonin may exert its effect by 

reducing the production of superoxide radicals and suggest that 

melatonin is effective in reducing oxidative stress and impaired 

development of the lung induced by caffeine in rats. 

Limitations 

Melatonin dosage was not investigated in this study, and 

nor were its effect on different tissues, particularly liver and 

kidneys. Further studies on these aspects will illuminate the 

antioxidant properties of melatonin.  

Conclusion 

Melatonin therapy after caffeine administration 

markedly improved biochemical findings and prohibited 

oxidative stress and inflammation. According to these data we 

propose that melatonin at the dose of 10mg/kg may be used as a 

potential therapeutic agent to prevent the impaired development 

of the lung by caffeine. We believe that our results will be 

beneficial in model studies conducted on melatonin and caffeine. 
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Abstract 

Aim: Colonoscopic polypectomy is the most effective visceral cancer prevention tool in clinical medicine. Studies observed a 76-90% 

reduction in colorectal cancer incidence following colonoscopic polypectomy. We herein present a case series who underwent 

polypectomy by lower gastrointestinal system (GIS) endoscopy. 

Methods: The study population consisted of 7503 lower GIS endoscopy (colonoscopy or rectosigmoidoscopy) procedures performed in 

the Department of General Surgery between 2009 - 2019 for screening, diagnostic and follow-up purposes. 612 (8.2%) of the patients 

who underwent polypectomy were evaluated. The patients’ demographic data, clinical status, histopathology reports and follow-up 

findings were recorded.  

Results: During the study period, 612 patients (38 patients, twice and 3 patients, thrice) underwent polypectomy with lower GIS 

endoscopy. 386 of the patients were male and 226 were female. The mean age of the patients was 57.3 (13.7) (range 24-89) years. A 

total of 813 polypectomies were performed, and 118 procedures included two or more polypectomies. The most common sites of 

polypectomies were rectum (n=233, 29.5%), sigmoid colon (n=208, 25.3%) and the descending colon (n=107, 13%). Histopathological 

examination revealed 25 adenocarcinomas (4.1%), 98 high grade dysplasias (16%) and 269 low grade dysplasias (44%). In terms of 

histopathological results, there were no significant differences between genders (P=0.098), however, younger patients (mean age: 51.7 

years (14.7)) were more likely to have benign results and malignity was more often encountered in older patients (P<0.001). The mean 

ages of patients with adenocarcinoma and high-grade dysplasia were 61.2 (12.1) and 63.6 (11.1) years, respectively. Necessary 

treatments and follow-ups were performed for the related pathologies. 

Conclusion: We observed that 8.2% of the patients undergoing lower GIS endoscopy had polyps and 20.1% of these polyps needed 

additional treatment, and 44% needed follow-up colonoscopy control. It should be noted that patients with various lower gastrointestinal 

tract symptoms may have malign polyps, potentially curable by polypectomy.  

Keywords: Colonoscopic polypectomy, Adenoma, Adenocarcinoma 

 

Öz 

Amaç: Kolonoskopik polipektomi klinik tıpta en etkili visseral kanser önleme aracıdır. Çalışmalarda kolonoskopik polipektomiyi 

takiben kolorektal kanser insidansında %76–90 bir azalma sağlandığı rapor edilmektedir. Bu çalışmada alt gastrointestinal sistem (GİS) 

endoskopi ile polipektomi uygulanan olgu serisini sunmak amaçlanmıştır. 

Yöntemler: Çalışma evrenini genel cerrahi servisinde 2009-2019 yılları arasında tarama, tanısal ve takip amaçlı uygulanan 7503 alt GİS 

endoskopi (kolonoskopi veya rektosigmoidoskopi) işlemi oluşturdu. İncelemede polip tespit edilen ve polipektomi işlemi 

gerçekleştirilen 611 (%8,2) endoskopi işlemi değerlendirildi. Hastalar demografik veriler, klinik durum, histopatoloji raporları ve 

takipler açısından kayıt edildi.  

Bulgular: Çalışma döneminde alt GİS endoskopi ile polipektomi işlemi 557 hastaya (38 hastada iki kez, 6 hastada üç kez olmak üzere) 

611 işlem yapıldı. Hastaların 386’sı erkek, 226’sı kadın idi. Hastaların ortalama yaşı 57,3 (13,7) (aralık 24-89) idi. Tek endoskopi 

işleminde gerçekleştirilen biyopsi sayıları değerlendirildiğinde; 118 işlemde iki veya daha fazla olmak üzere toplam 813 polipektomi 

yapıldı. Polipektomi lokalizayonları değerlendirildiğinde; en sık rektum 233 (%29,5), sigmoid kolon 208 (%25,3) ve inen kolon 107 

(%13) olduğu görüldü. Histopatolojik inceleme sonuçları değerlendirildiğinde; 25 (%4,1) adenokarsinom, 98 (%16) high grade displazi, 

269 (%44) low grade displazi tespit edildi. Patolojiler arasında cinsiyet açısından fark tespit edilmedi ancak yaş açısından fark tespit 

edildi (sırasıyla P=0,098 ve P<0,001). Malign hastaların ileri yaşta (adenokanser (61,2(12,1)) ve high grade displazi (63,6(11,1))) ve 

benign hastaların daha genç yaşta (51,7(14,7)) olduğu görüldü. İlgili malign patolojiler için gerekli tedavi ve takipler gerçekleştirildi.  

Sonuç: Alt GİS endoskopi yapılan hastaların %8,2’sinde polip görüldüğü ve bu poliplerin %20,1’inde ek tedavilere ve %44’ünde 

kontrol endoskopik takiplere gerek duyabileceği görülmektedir. 

Anahtar kelimeler: Kolonoskopik polipektomi, Adenom, Adenokanser 
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Introduction 

It has long been thought that colorectal cancers develop 

from a precursor lesion (adenomatous polyp). This concept was 

based on the pathology studies published by St Mark's Hospital, 

London, Lockhart-Mummery and Dukes in 1928 and resulted in 

the concept of the polyp-cancer sequence published in 1975 by 

Muto et al. [1]. The introduction of colonoscopy in the early 

1970s, following the demonstration of colonoscopic 

polypectomy feasibility, provided the clinically applicable 

technology for this concept. It was assumed that colorectal 

cancers could be prevented by examining the entire colon and 

detecting and removing the polyps. The evidence for this belief 

was provided by Winawer et al. [2]. 

Gastrointestinal polyps are proliferative and neoplastic 

lesions originating from the mucosal and submucosal epithelium, 

forming a mass protruding into the stomach and intestine lumen. 

Gastrointestinal tract (GIS) polyps are more common in the 

colorectal area. Colonoscopic examination may reveal polyps 

with or without stalks, - varying in size [3,4]. Colorectal polyps 

are classified as non-neoplastic polyps (hyperplastic polyps, 

hamartomatous polyps, mostly seen in juvenile polyposis, Peutz-

Jeghers syndrome, Cronkhite-Canada syndrome, Cowden's 

syndrome, and inflammatory polyps), neoplastic polyps and 

adenomas (tubular, tubulovillous, villous) [5,6].  

Adenomas may show mild, moderate, and severe 

dysplasia. Tubular adenomas are generally small and mildly 

dysplastic. As the diameter of the polyp grows, dysplasia is 

expected to increase. Among tubular adenomas, 88% are mildly, 

8% are moderately and 4% are severely dysplastic. The rates of 

mild, moderate and severe dysplasia are 58%, 26% and 16% for 

tubulovillous and 41%, 38% and 21%, respectively, in villous 

adenomas [4,5]. Inflammatory polyps, with a diameter of 2-3 cm, 

develop in response to chronic inflammation, such as 

inflammatory bowel diseases, and are mostly seen in the rectum. 

Hyperplastic polyps are the most common nonneoplastic polyps. 

They are characteristic lesions smaller than 5 mm in size. Large 

polyps may be stalked and are particularly observed in the distal 

colon and rectum [3,6].  

The aim of this study is to document the types of 

polypectomy materials of the lower gastrointestinal system 

diagnosed in our center.  

Materials and methods 

Between January 2009 and December 2019, 7503 

consecutive patients were admitted to the endoscopy unit for 

lower GIS endoscopy. 611 (8.2%) of them who had polyps and 

underwent polypectomy were included in this study.  

Endoscopy procedure 

Indications for lower GIS endoscopy included patients 

with a complaint of lower gastrointestinal system (rectal 

bleeding, bowel habit changes lasting more than two weeks, 

bloody mucus defecation, lower abdominal pain and tenesmus 

sensation), unexplained iron deficiency anemia detected during 

examinations in patients presenting with a different complaint 

(menopausal female patients and male patients of all ages), 

patients with first-degree relatives with colon cancer, patients 

with the presence of hematochezia or occult blood positivity in 

the stool. To prepare for the colonoscopy procedure, patients 

were advised to be fed with fluids for one day before the 

procedure. Also, all patients drank 1: 1 diluted 45mL sodium 

phosphate one day before the treatment at 23:00 and at 07:00 in 

the morning of colonoscopy. During the colonoscopy procedure, 

sedatives and antispasmodics were administered for better 

toleration of the procedure and pain control. The colonoscopy 

was performed with CF-30L Olimpus brand colonoscopy device 

and a rigid rectoscope (30 cm). Endoscopy and pathological 

results were then evaluated.  

Statistical analysis 

Categorical variables were expressed as frequency and 

percentage, parametric data with normal distribution were 

presented as mean (standard deviation), and non-normally 

distributed parametric as median (quarter range) and range. T-

test for parametric data and Fisher's exact test for categorical 

data were used for comparison. P-value of less than 0.05 was 

statistically significant within 95% confidence interval.  

Results 

During the study period, 612 patients (38 patients, twice 

and 3 patients, thrice) underwent polypectomy with lower GIS 

endoscopy. 386 of the patients were male and 226 were female. 

The mean age of the patients was 57.3 (13.7) (range 24-89) 

years. A total of 813 polypectomies were performed, and 118 

procedures included two or more polypectomies. The most 

common sites of polypectomies were rectum (n=233, 29.5%), 

sigmoid colon (n=208, 25.3%) and the descending colon (n=107, 

13%) (Table 2). Histopathological examination revealed 25 

adenocarcinomas (4.1%), 98 high grade dysplasias (16%) and 

269 low grade dysplasias (44%) (Table 1). In terms of 

histopathological results, there were no significant differences 

between genders (P=0.098), however, younger patients (mean 

age: 51.7 years (14.7)) were more likely to have benign results 

and malignity was more often encountered in older patients 

(P<0.001). The mean ages of patients with adenocarcinoma and 

high-grade dysplasia were 61.2 (12.1) and 63.6 (11.1) years, 

respectively (Table 3). Necessary treatments and follow-ups 

were performed for the related pathologies.  
Table 1: Histopathological examination results of polyps  
 

 n % 

Benign 219 35.8 

Adenocarcinoma 25 4.1 

High grade dysplasia 98 16 

Low grade dysplasia 269 44 

 611 100 
 

Table 2: Polypectomy locations 
 

Polypectomy locations n % 

Total 813 100 

Rectum 233 28.7 

Sigmoid colon  209 25.7 

Descending colon  107 13.2 

Anus  80 9.8 

Transvers colon  48 5.9 

Rectosigmoid  40 4.9 

Ascending colon  37 4.6 

Cecum  29 3.6 

Hepatic flexure  18 2.2 

Splenic flexure  12 1.5 

 

Table 3: Age distribution of patients with various histopathological results 
 

Histopathological results Number of 

patients  

Mean age 

(years) 

Standard 

deviation 

Benign 222 51.7 14.7 

Adenocarcinoma 25 61.2 12.1 

High-grade dysplasia 98 63.6 11.1 

Low-grade dysplasia 268 59.3 12.2 

Total 613 57.3 13.7 
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Discussion 

In our country, lower GIS complaints are among the 

common gastroenterological problems. As a matter of fact, a 

significant proportion of our patients present to our outpatient 

clinic with complaints related to the GIS such as constipation and 

rectal bleeding. These symptoms may be indicative of a benign 

disease such as hemorrhoids, and treatment without further 

examination may delay the diagnosis of an important disease 

such as carcinoma. According to the American Cancer Society 

guidelines, everyone over the age of 50 should have a stool blood 

test and undergo rectosigmoidoscopic examination with 3-5 year 

intervals [1]. For this reason, rectosigmoidoscopy / colonoscopy 

or barium radiography should be performed to rule out malignant 

or inflammatory bowel diseases in patients presenting with rectal 

bleeding. 

Most colorectal polyps are adenomatous polyps. 

Tubular adenomas constitute 80-86% of adenomatous polyps, 

villous adenomas constitute 3-16% and tubulovillous adenomas 

constitute 8-16% [3,7]. In a series of 675 cases, the rate of 

tubular adenoma was 80.7%, tubulovillous adenoma, 16.4% and 

villous adenoma, 2.9% [2]. Another study of 2506 cases revealed 

that 75% of adenomatous polyps were tubular adenomas, 15.3%, 

tubulovillous adenomas and 11.7%, villous adenomas [8]. 

Altınparmak et al. [9] reported that among 428 cases, 64.8% 

were tubular adenomas, 22.7% were hyperplastic polyps, and 

3.7% were juvenile polyps. In Vatn et al.’s [10] study conducted 

on 914 cases, 68% turned out to be tubular adenomas, 7%, 

tubulovillous adenomas, 0.5% villous adenomas, 4.3% 

hyperplastic polyps, 6% serrated adenomas and 0.8%, 

adenocarcinomas. In our study, 35.8% were benign, 44% were 

low grade dysplasias, 16% were high grade dysplasias and 4.1%, 

adenocarcinomas.  

The, incidence, size and dysplasia rate of adenomas 

increase with age [10-12]. Various studies in the literature report 

that 53-59% of adenomas are seen in males, 40-46% are seen in 

females and the age of patients with adenoma ranges between 

43-61 years [3,9,11]. In our study, the mean age was 57.3 (13.7) 

years. 

Adenomatous polyps are categorized into three groups 

based on diameter: <1 cm, 1-2 cm and >2 cm. Most adenomas 

are smaller than 1 cm. According to the literature, tubular 

adenomas are <1 cm in 77%, 1-2 cm in 20%, >2 cm in 4%. 

Tubulovillous adenomas are 1 cm in 25%, 1-2 cm in 47%, >2 cm 

in 29%. Villous adenomas are <1 cm in 14%, 1-2 cm in 26%, >2 

cm in 60%. Large adenomas are more common in distal colon 

segments [10]. Polyps with diameters ≤5 mm are considered 

small, and they are almost always nonneoplastic. The rate of 

small polyps with villous or severe dysplasia foci is less than 1% 

[10-12]. In GIS, polyps occur most frequently in the 

rectosigmoid region and their incidence decreases towards the 

cecum. DiSario et al. [13] reported that 54% of the adenomas 

were localized in the proximal splenic flexure. Bech et al. [14] 

reported that adenomas were most commonly located in the 

sigmoid colon. Liebermann et al. [15] reported that 44% of the 

polyps were located in the distal 60 cm. In a series of 675 cases 

[3], 47% of the polyps were localized in the sigmoid colon, 

18.7% in the descending colon, 13.6% in the transverse colon, 

and 12.5%, in the rectum. In another study conducted on 428 

cases [9], 76.7% of the polyps were observed in the left colon 

and 23.3%, in the right colon. In our study, 28.7% of the polyps 

were observed in the rectum, 25.7% in the sigmoid colon, 13.2% 

in the descending colon. All our results were coherent with the 

literature.  

Limitations 

The retrospective nature of this study was the first 

limitation of our study. In addition, we did not compare the sizes 

of the polyps in terms of histopathological results, which would 

have illuminated this subject more.  

Conclusion 

We observed that 8.2% of the patients undergoing lower 

GIS endoscopy had polyps and 20.1% of these polyps needed 

additional treatment, and 44% needed follow-up colonoscopy 

control. It should be noted that patients with various lower 

gastrointestinal tract symptoms may have malign polyps, 

potentially curable by polypectomy. 
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Abstract 

Polysplenia / heterotaxy syndrome is a very rare condition that occurs as a result of the maldistribution of the thoracic 

and abdominal organs. It is examined in two groups with different clinical features and anatomical variations: right and 

left isomerism. This paper reports the case of a 47-year-old female patient who underwent a non-contrast computed 

tomography (CT) examination due to right flank pain and suspicion of a renal stone and presented with the findings of 

left isomerism; i.e., accompanied by intraabdominal variations. On abdominal CT examination, stomach and multiple 

spleen were localized in the right upper quadrant, and the liver had a midline localization. The interruption of the 

inferior vena cava with azygos continuation was also detected. The hepatic veins were draining directly into the right 

atrium. In the literature, a retroaortic left renal vein and dorsal pancreatic agenesis have been individually reported to 

coexist with left isomerism, but no other case of the coincidence of these three anomalies has been described, which 

makes the current case report significant. Having knowledge of anatomical variations and clinical status can prevent 

misdiagnosis, and imaging findings are crucial in the planning of a possible surgical procedure. 

Keywords: Left isomerism, Computed tomography, Dorsal pancreatic agenesis, Retroaortic left renal vein, 

Malposition of cecum 

 

Öz 

Polispleni / heterotaksi sendromu, torasik ve abdominal organların yanlış dağılımı sonucu olarak ortaya çıkan çok nadir 

görülen bir durumdur. Farklı klinik özelliklere ve anatomik varyasyonlara sahip iki grupta incelenmiştir; sağ ve sol 

izomerizm. Sağ yan ağrısı ve böbrek taşı şüphesi nedeniyle kontrastsız bilgisayarlı tomografi (BT) çekimi yapılan 47 

yaşındaki kadın hastada, sol izomerizm – polispleni sendromu ve eşlik eden abdominal organ varyasyonları saptandı. 

Abdominal BT incelemesinde sağ üst kadranda yerleşimli mide ve çok sayıda dalak, orta hat yerleşimli karaciğer tespit 

edildi. İnferior vena kava devamlılığında kesilme ve azigos devamlılığı tespit edildi. Hepatik venler doğrudan sağ 

atriyuma drene oluyordu. Tespit edilen bulgular, polispleni-sol izomerizm ile uyumlu olarak değerlendirildi. 

Retroaortik sol renal ven, çekum malpozisyonu ve dorsal pankreas agenezisine izomerizm eşlik ediyordu. Literatürde 

ayrı ayrı rapor edilen sol izomerizme eşlike eden retroaortik sol renal ven ve dorsal pankreas agenezisi olgu sunumları 

mevcuttu. Ancak bu üç anomalinin eşlik ettiği olgu sunumu yoktu ve bu özellikleriyle olgumuz tekdi. Anatomik 

varyasyonları ve klinik durumu bilmek yanlış tanıyı önleyebilir ve olası bir cerrahi işlemin planlanmasında 

görüntüleme bulgularını bilmek çok önemlidir.  

Anahtar kelimeler: Sol izomerizm, Bilgisayarlı tomografi, Dorsal pankreatik agenezi, Retroaortik sol renal ven, 

Çekum malpozisyonu 

Introduction 

Heterotaxy syndrome is a very rare anomaly characterized with an incorrect position 

of the left and right abdominal and thoracic organs [1,2]. This syndrome has two types as right 

and left isomerism [2]. Right isomerism presents with a severe form of cyanotic cardiac disease 

associated with asplenia [3] and is accompanied by anomalies, such as bilateral epiarterial 

bronchi, bilateral three-lobed lungs, bilateral right atria, and intestinal malrotation. Left 

isomerism is often seen with the findings of multiple spleens, interruption of the inferior vena 

cava (IVC) with azygos continuation, non-orthotopic liver, bilateral hyperatrial bronchi, 

bilateral bi-lobed lungs, and bilateral left atria [4]. On computed tomography (CT), anatomical 

anomalies can be described in detail and other accompanying conditions can be detected. 

Although the coexistence of left isomerism with either dorsal pancreatic agenesis or left 

retroaortic renal venous variation has been reported in the literature, the coincidence of a left 

retroaortic renal vein, malposition of cecum, and dorsal pancreatic agenesis with left isomerism 

has not been previously described. In this study, we aimed to present the CT imaging findings 

of a rare left isomerism case presenting with these three anomalies.  
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Case presentation 

A 47-year-old female patient underwent an abdominal 

CT scan using a 128-slice CT device (GE, Revolution EVO, 

USA) due to right flank pain and suspicion of a renal stone. A 6-

mm renal stone was found at the lower pole of the right kidney 

and there were also heterotaxy findings of intraabdominal 

organs. The liver was located in the midline (Figure 1, Figure 2). 

While the normal appearance of the stomach and the spleen was 

not observed in the left upper quadrant, five spleen tissues of 

different sizes were detected instead of a normal spleen in the 

right upper quadrant (Figure 1). Duodenum and ileum were 

located on the left side of the abdomen, and stomach and 

jejunum were on the right. The vena cava inferior was located on 

the right but interrupted in the intrahepatic segment with azygos 

continuation. The azygos was dilated (Figure 2). The hepatic 

veins were draining directly into the right atrium. All these 

findings were consistent with left isomerism; i.e., polysplenia 

syndrome. In addition, the pancreatic head and uncinate process 

were normal, but the body and tail parts were not observed. The 

pancreas was short and had a vertical orientation. There was also 

dorsal pancreatic agenesis (Figure 3). CT showed retroaortic left 

renal vein variation (Figure 1). While the colon was not visible in 

the right half of the abdomen, the cecum and transverse column 

were located on the left half of the abdomen (Figure 4). To our 

knowledge, the coexistence of left isomerism with the 

malposition of cecum, dorsal pancreatic agenesis, and a 

retroaortic left renal vein has not been previously reported in the 

literature. Therefore, the current case is significant due to the 

rarity of observing these three anatomical anomalies in a patient 

with left isomerism. Written and informed consent was obtained 

from the patient for publishing this case report.  

 
Figure 1: Axial section non-contrast CT showing the 

midline-located liver (black arrow), multiple spleens 

(stars), right-sided stomach (white arrow), and retroaortic 

left renal vein (empty arrow) 

 

Figure 2: Axial section non-contrast CT showing 

the midline-located liver (black arrow) and 

dilated azygos vein (star) 

 

Figure 3: Axial section non-contrast CT showing 

vertically oriented short pancreas (white arrow) 

 

Figure 4: Coronal section non-contrast CT 

showing the cecum and transverse colon in the 

left upper quadrant (arrow)  
 

Discussion 

Situs solitus refers to the intraabdominal and thoracic 

organs being located in the normal anatomic position [5] while 

situs inversus is the opposite localization of these organs, which 

appears as a mirror image of the normal position [5,6]. Situs 

ambiguous is an incomplete mirror image anomaly, which 

describes the state between these two conditions [2,7] and it is 

divided into right and left isomerism. Right isomerism has severe 

cardiac anomalies with asplenia and is more common in the male 

gender. Infants with this condition often die in their first year due 

to both severe cardiac problems and severe infections caused by 

asplenia [3]. Left isomerism is more common in females, and it 

presents with milder, non-cyanotic cardiac anomalies. 

Immunodeficiency is not an expected finding because of 

functional spleen parenchyma. For this reason, it can be 

incidentally diagnosed in adulthood [4,8]. In our case, a 47-year-

old female patient was diagnosed incidentally on CT.  

Although the actual cause of polysplenia is unknown, 

many factors of embryological, congenital and teratogenic origin 

have been reported to play a role in its etiology [8]. Genetic 

defects in metalloproteinases (e.g., MMP21) that regulate normal 

right-left asymmetry and the failure of developmental regulatory 

transcription factors (e.g., FOX A2) may be responsible for the 

impairment of normal development at embryological stages [9]. 

Polysplenia is very rare with an incidence of 2.5/100,000. 

The spectrum of polysplenia findings is very diverse 

and variable. Apart from typical IVC anomalies seen in 

polysplenia, there may be many accompanying vascular 

variations [1,4]. One of the most common accompanying 

vascular malformations is a preduodenal portal vein [4,7,8]. In 

addition, a retroaortic renal vein is common in both normal 

populations and patients with polysplenia, but it is not a specific 

finding or a diagnostic criterion for polysplenia. Thus, we 

consider that the presence of this finding was probably 

coincidental in our case, as well as in the limited number of 

previously reported polysplenia cases. 

The pancreas may be completely normal in patients with 

polysplenia, but a short pancreas is a common pancreatic 

anomaly in this syndrome [1-3,9]. The head of the pancreas has a 

normal size, but the neck and tail of the pancreas are absent. In 

our case, while the pancreas had no tail or neck, a normal-size 

pancreatic head was seen with a vertical course. 

In polysplenia syndrome, the stomach can be on the 

right or left side. Upper intestinal non-rotation/malrotation 

occurs frequently [2,9]. In our case, the stomach and jejunum 

were on the right side, and the ileum was located mostly on the 

left and partially on the right side. Position anomalies of the 

colon, as in many other organs, are expected findings in 

polysplenia syndrome. However, in this syndrome, there is no 

definitive finding of the colon position in the literature. In our 

case, there was evidence of the malposition of cecum. The cecal 

and ileocecal valves were located in the left upper quadrant of 

the abdomen. 

Our case had typical features of polysplenia syndrome, 

but the interesting finding was the coincidence of dorsal 

pancreatic agenesis, a retroaortic left renal vein, and colonic 

malposition. 

Conclusions 

Polysplenia syndrome has a broad spectrum of findings, 

which are often combinations of various anomalies [1-4,7,8]. 

Besides the specific findings of polysplenia, common anomalies, 

such as a short pancreas, or completely incidental variations; 

e.g., a left retroaortic renal vein can be detected, as in our case. 
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Having knowledge of specific imaging findings is very important 

in diagnosis. Radiologists should be aware of this syndrome and 

should not consider these findings as separate entities. 

Asymptomatic patients with polysplenia syndrome can be 

diagnosed incidentally. Sometimes the initial examination can be 

ultrasound, but CT should be undertaken for definitive diagnosis 

since it is able to demonstrate all the components of associated 

congenital anomalies. When radiologists diagnose polysplenia 

syndrome, they should make an evaluation of the existence of 

other variations and anomalies. Having good knowledge of the 

whole anatomy is very important to prevent possible 

complications and decide on the necessity of a surgical 

procedure. 
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Abstract 

Amyand's hernia is a rare condition defined as the presence of appendix vermiformis within the hernia sac, and it 

constitutes 1% (0.19-1.7%) of all inguinal hernias. Inflammation of the appendix within the inguinal sac is rarer, 

comprising 0.1% (0.07-0.13) of all Amyand’s hernia cases. Although the clinical presentation of the disease varies 

depending on the inflammation of the appendix, the diagnosis is usually made during the operation. We herein present 

a 2-month-old male patient who underwent appendectomy during right inguinal herniotomy after visualization of the 

inflamed appendix adhering to the wall of the hernia sac. 

Keywords: Amyand’s hernia, Appendicitis, Infants, Appendectomy 

 

Öz 

Amyand herni, apendiks vermiformisin fıtık kesesi içinde bulunması olarak tanımlanan nadir bir durumdur. İnsidansı 

tüm inguinal herniler içinde %1 (%0,19-1,7)’dir. İnguinal kese içindeki apendiksin inflamasyonu daha nadirdir, tüm 

Amyand herni vakalarının % 0,1 (0,07-0,13)'ini oluşturur. Hastalığın kliniği apendiksin inflamasyonuna bağlı olarak 

değişmekle birlikte tanı genellikle operasyon esnasında konur. Bu çalışmada sağ inguinal herni nedeniyle operasyona 

alınan, operasyon esnasında kese duvarına yapışık, apendiks distalinde inflamasyon bulguları olması nedeniyle 

apendektomi yapılan 2 aylık bir erkek hasta sunuldu.  

Anahtar kelimeler: Amyand herni, Apandisit, İnfant, Apendektomi 

Introduction 

Amyand's hernia is a rare condition defined as the presence of appendix vermiformis 

within the hernia sac. The disease was first described by Claudius Amyand in 1735 in an 11-

year-old male patient during surgery for inguinal hernia, after he detected a perforated 

appendix in the sac [1]. It constitutes 1% (0.19-1.7%) of all inguinal hernias. Inflammation of 

the appendix within the inguinal sac is rarer and comprises 0.1% (0.07-0.13%) of all Amyand's 

hernia cases [2]. Although the clinical presentation of the disease varies depending on the 

inflammation of the appendix, the diagnosis is usually made during the operation.  
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Case presentation 

A 2-month-old male patient was admitted to the 

outpatient clinic with complaint of swelling in the right groin that 

began 10 days ago. Physical examination revealed a reducible 

right inguinal hernia. Preoperative examinations of the patient 

were performed, consent was obtained from the patient's family 

and elective surgery was planned. On the day of the operation, 

the hernia could not be reduced. The family stated that the 

swelling had persisted for the last 24 hours and the patient was 

restless. Under general anesthesia, a transverse incision was 

made in the right inguinal region, all fascial layers were incised, 

and the indirect inguinal hernia sac was identified. Dissection 

was performed with preservation of the cord and vessels and a 

distally hyperemic, erect appendix with impaired circulation was 

found adherent to the sac wall within the hernia sac (Figures 1, 

2). Appendectomy was performed after ligation of the appendix 

vermiformis. The inguinal hernia sac was high-ligated, and the 

operation was completed. The patient was discharged 

uneventfully on the first postoperative day. Histopathological 

examination of the excised specimen was reported as consistent 

with appendicitis.  
 

 
 

Figure 1: Appendix vermiformis within the hernia sac 
 

 
 

Figure 2: Appendix vermiformis mesentery adherent to the sac wall  
 

Discussion 

Indirect inguinal hernia is one of the most common 

surgical conditions in the pediatric age group. The incidence of 

this disease varies between 0.8% and 4.4% among pediatric 

patients [3]. The omentum, small intestine or the bladder are 

most commonly found within the hernia sac. Rarely, Meckel's 

diverticulum (Littre hernia), part of the intestinal wall (Richter's 

hernia) and an inflamed or non-inflamed vermiform appendix 

(Amyand's hernia) may also be observed. Amyand's hernia 

constitutes 1% of all inguinal hernias [2,4,5] and is more 

common in males than females. Inflammation of the appendix is 

observed in 0.13% of Amyand’s hernia cases. It is usually 

located in the right and in rare cases, left inguinal regions [6].  

The preoperative diagnosis of Amyand's hernia is 

difficult, and it is usually made during surgery. In a study by 

Cankorkmaz et al. [7], only one of the twelve newborns (median 

age 40 days) operated for Amyand's hernia in their clinic was 

diagnosed preoperatively. In our case, the diagnosis was made 

intraoperatively. 

Amyand's hernia treatment may vary depending on the 

condition of the appendix in the sac and the presence of other 

pathologies. If there is evidence of inflammation or perforation 

in the appendix vermiformis, appendectomy is performed 

through the same incision, followed by hernioplasty [8]. There 

are many publications advocating appendectomy to eliminate the 

risk of appendicitis in Amyand's hernia with a non-inflamed 

appendix vermiformis [9,10]. However, many surgeons do not 

perform prophylactic appendectomy in the pediatric patient 

group due to insufficient data and the risk of infection during a 

non-contaminated surgery [7,11]. In this case, appendectomy 

was performed from the same incision due to inflammation and 

circulatory disturbance at the distal end of the appendix 

vermiformis. 

Amyand's hernia is rare during the infantile period, and 

inflammation of the appendix vermiformis within the sac is even 

rarer. Since the diagnosis is usually made intraoperatively, the 

decision of the treatment should be given based on surgical 

findings. In cases of hernioplasty, the possibility of Amyand's 

hernia should be kept in mind and the contents of the hernia sac 

should be visualized. 
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Abstract 

A 27-year-old male presented with recurrent urinary tract infections, calculus formation and hair follicles in urine 

following urethroplasty. The patient was treated with urethroscopic holmium laser in 2012, which was performed by 

Beiko for the first time in the literature to remove stones and epilate hair follicles. At 3-month, 3-year and 6-year 

follow-ups, the patient was symptom and infection-free. Urethrocystoscopy was performed in the 6-year follow-up, and 

no stone formation was observed. There were only a few hair follicles that were too short to require re-surgery. 

Urethral hair follicles and stone formation are uncommon long term complications following urethroplasty. Endoscopic 

holmium laser hair epilation is a rarely performed treatment option for hair follicles and urethral stone. Holmium:YAG 

laser epilation may be an alternative, minimally invasive treatment option with successful long term outcomes. 

Keywords: Laser, Urethroplasty, Hair follicles, Epilation, Stone 

 

Öz 

27 yaşında erkek hasta, tekrarlayan idrar yolu enfeksiyonu, idrarda taş oluşumu ve idrarla kıl gelmesi şikayetleri ile 

başvurdu. Hasta 2012 yılında, Beiko tarafından literatürde ilk kez uygulanan üretradan taş çıkarmak ve kıl köklerinin 

epilasyonu için yapılan üretroskopik olarak holmium lazer ile tedavi edildi. Kısa süreli 3.ay ve uzun süreli 3 ve 6 yıllık 

takiplerde hastada enfeksiyon gelişmedi. Üretrosistoskopi 6.yıl takibinde yapıldı. Üretrosistoskopide cerrahi 

gerektirecek taş ve kıl kökü oluşumu görülmedi. Semptom vermeyen ve cerrahi gerektirmeyecek kadar kısa olan birkaç 

kıl kökü görüldü. Üretral kıl folikülleri ve taş oluşumu, üretroplastiyi takiben nadir görülen uzun dönem 

komplikasyonlardır. Endoskopik holmium lazer epilasyonu kıl kökleri ve üretra taşı için nadiren uygulanan bir tedavi 

seçeneğidir. Holmium:YAG lazer epilasyonu minimal invaziv yaklaşım ve iyi uzun dönem sonuçlar ile alternatif bir 

tedavi seçeneği olabilir.  

Anahtar kelimeler: Lazer, Üretroplasti, Kıl kökü, Epilasyon, Taş 

Introduction 

Urethral hair growth is an uncommon and historical complication of urethroplasty 

using hair-bearing skin as the graft. Although there is not enough data about the correct 

incidence of this complication, Rogers et al. [1] reported it as 5%. The hair-bearing urethra may 

cause obstruction, recurrent urinary infections or calculus formation [2]. This complication of 

urethroplasty has been solved by using nonhair skin flaps, preoperative epilation of the skin, 

clipping of urethral hair, Nd: YAG laser depilation or Holmium: YAG laser epilation [3]. 

Holmium: YAG laser treatment of the hair-bearing urethra was reported for the first time in 

2011 [4]. We herein present a case of urethroscopic Holmium: YAG laser epilation of urethral 

hair follicles and long-term follow-up results.  
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Case presentation 

A 27-year-old male presented with recurrent urinary 

tract infections and calculus formation in urine. His history 

included two urethroplasties and one urethral diverticulectomy. 

Seventeen years ago, urethroplasty was performed using an 8x2 

cm skin graft from the scrotum due to a firearm injury causing 

urethral trauma. Physical examination revealed scarring of the 

ventral penile and perianal skin due to previous surgeries. 

Urinary system ultrasonography was normal, and his post-void 

residual urine volume was 53 mL. Retrograde urethrogram 

revealed a dilated posterior urethral segment (Figure 1). Under 

general anesthesia and in the dorsal lithotomy position, 

cystourethroscopy was performed using a 21 french 

urethroscope, during which hair-follicles and stone formation 

was observed in the dilated penile urethral segment (Figure 2). 

Using a 400-micron holmium: YAG laser fiber, hair follicles 

were epilated. The laser equipment was set to work at 1.0 J, 8 Hz 

and 8 W. Laser epilation of the hair follicles may damage the 

urethra, and like we did in our case, keeping the power as low as 

possible may help avoid that. Approximately 26 hair follicles 

were removed and around 600 laser pulses were required to 

remove all follicles and stones. We aimed to shoot the pulses 

towards the roots of the hair follicles (Figure 3). Urethral hair 

epilation was completed successfully, and all epilated hairs were 

removed with a grasper (Figure 4). There were no intraoperative 

or postoperative complications. The foley catheter placed during 

the surgery was removed 3 days later. The patient remained 

symptom and infection-free at 3-month, 3-year and 6-year follow 

ups. A repeat urethrocystoscopy was performed at the 6-year 

follow-up visit, no stones were observed, and only a few hair 

follicles were seen.  
 

 
Figure 1: Retrograde urethrogram, dilated posterior urethral segment and small bullets  
 

 
Figure 2: Urethroscope view: Stone formation and hair-follicles 

 
Figure 3: Ho-YAG laser shooting the most proximal parts of the hair follicles near the 

uroepitelium 

 
Figure 4: A few hair follicles following epilation treatment 
 

Discussion 

Urethral hair and stone formation are historically 

uncommon long-term complications of urethroplasty [1]. 

However, urologists still encounter it today. Urethral hair may 

cause urinary obstruction, dysuria, and stone formation [2]. The 

diagnosis of urethral hair formation is usually based on the 

patient’s suspicious history. The most common diagnostic tools 

include retrograde urethrogram and urethrocystoscopy. It is also 

important to assess residual urine volume. Currently, hair-free 

skin flaps such as the buccal mucosa are used for urethroplasty to 

avoid these complications. The most important method to 

prevent urethral hair growth and stone formation is to use hair-

free skin flaps. However, some methods have been described to 

prevent hair follicle formation in patients with hair-bearing skin 

flaps, including using depilation agents, preoperative 

thermocoagulation, carbon dioxide (CO2) laser desiccation, 

neodymium: YAG laser photocoagulation, grasper extraction, 

surgical revision and Holmium: YAG laser treatment [3,4]. The 

use of laser in surgical practice has advanced significantly in the 

last 30 years. Laser technology is used in both non-urological 

procedures such as iridotomy and urological procedures, such as 

prostatic surgery, urinary-tract tumors, stricture of ureter and 

skin lesions [5]. Ho-YAG laser treatment of hair-follicles bares 

various disadvantages: Fever, urethritis, urethral stenosis, 

urethrocutaneous fistula and regrowth of hair-follicles can occur 

following laser treatment. However, we preferred this treatment 

modality because its advantages outweigh the disadvantages. 

First, it is easy to perform and can be safely used in luminal 

organs. Second, if one shoots the pulses as close to the 

epithelium and to the root of the hair follicle as possible, the 

success rate will increase [6]. To the best of our knowledge, 

there is no article reporting the long-term follow-up results of 

urethral laser epilation in the literature.  

Limitations 

In our institution, we can only use the 400-micron 

holmium: YAG laser, which prevents us from comparing this 

laser fiber with the others. The outcomes of the laser epilation 

can vary according to laser fiber type. 

Conclusions 

In the treatment of urethral hair follicles following 

urethroplasty, holmium: YAG laser epilation is an alternative, 

minimally invasive treatment option which can easily be 

performed by many endourologists. It constitutes an option in the 

treatment of symptomatic hair-follicles and calculi following 

urethroplasty in adults with favorable long-term results. 
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