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ABSTRACT:

The aim of this study is to determine the relationship between the amount of vascularization in the preovulatory follicle
wall and pregnancy establisment with colour Doppler ultrasonography. Colour Doppler ultrasonography images from 26
Arabian mares in breeding season were evaluated in the study. Mares no abnormalities in the reproductive system and
mild-manner mares were handled. Preovulatory follicle (>35mm) was monitored twice in a day by transrectal B-mode
ultrasonography and colour Doppler ultrasonography until the ovulation day. Follicular vascularization images which
were incorporated into the study, were monitored 18 hours before the ovulatio Also amount of pixels in colour Doppler
images were evaluated with computer-based image analysis program. The mares were mated naturally with a stallion.
Pregnancy diagnosis was performed by ultrasonography on day 14 to day 30 after mating. As a result of ultrasonography
examination, mares were divided into two groups as pregnant (n=13) and non-pregnant (n=13). The statistical difference
between the amount of vascularization in the preovulatory follicle wall of pregnant mares and the amount of
vascularization in the preovulatory follicle wall of non-pregnant mares was compared by t-test. As a result of the study,
there were no significant differences between pregnant and non-pregnant mares in terms of area, volume and intensity
units of coloured pixels in the preovulatory follicle wall (P> 0.05). In conclusion, it was observed that the quantitative
evaluation of the colour Doppler images of the preovulatory follicle wall in mares in the breeding season cannot be used
in the diagnosis of pregnancy.

Preovulator folikiiliin vaskiilarizasyonu: Arap kisraklarda erken gebelik sonuclarinda
renkli Doppler degerlendirmesi ve éngoviilen degeri

OzeT:

Sunulan makalede renkli Doppler ultrasonografi ile preovulator folikiil ¢eperindeki damarlagma diizeyinin gebelik
olusumuyla iligkisinin belirlenmesi amaglandi. Ureme sezonundaki saglikli 26 adet Arap kisraktan alinan renkli Doppler
ultrasonografi goriintiileri degerlendirildi. Sakin mizagli ve reprodiiktif agidan problemi olmayan kisraklar secildi.
Preovulator folikiil (>35mm), transrektal B-mod ultrasonografi ve renkli Doppler ultrasonografi ile ovulasyon giiniine
dek giinde iki kere izlendi. Calismaya dahil edilen folikiiler vaskiilarizasyon goriintiileri yumurtlamadan 18 saat 6nce
izlendi. Ayrica, renkli Doppler tizerinden akim goriilen alanlardaki piksel sayisi bilgisayar destekli goriintii analiz
programu ile degerlendirildi. Kisraklar, bir aygirla dogal asim yoluyla ¢iftlestirildi. Asimi izleyen 14-30 giinlerde
ultrasonografi ile gebelik muayeneleri yapildi. Bunun neticesinde kisraklar gebe (n=13) ve gebe olmayan (n=13) olmak
tizere iki gruba ayrildi. Gebe kisraklara ait preovulator folikiil ceperindeki damarlasma miktari ile gebe olmayan kisraklara
ait preovulator folikiil ¢eperindeki damarlagma miktar1 arasindaki istatistiksel fark t-testi ile karsilagtirildi. Caligmanin
sonucunda, preovulator folikiil ¢eperindeki renkli piksellere ait alan, hacim ve yogunluk diizeylerinin gebe ve gebe
olmayan kisraklarda farkli olmadigi goriildii (P>0,05). Sonug olarak, tireme sezonundaki kisraklarda preovulator follikiil
duvarina ait renkli Doppler goriintiilerinin kantitatif degerlendirmesinin gebelik tanisinda kullanilamayacagi goriildii.
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1. Introduction

Mares are seasonally polyestrous breeder which they usually reach puberty at two years old. The recommended
first insemination age is around three years. Cyclic activity may persist until the age of 20 years (2).

B-mod ultrasonography is utilized routinely in veterinary gynecology to achieve the knowledge on follicular
wave, embryonic migration, changes in ovulation, uterine infections, ovarian cysts and tumors, gender determination
(4). However, ultrasonographic examination enables the reliable information about the reproductive situation and
function of uterus and ovaries in mare genital organs (10). Because 5 MHz probe has a higher resolution than a 3 or 3.5
MHz probe in the ultrasonographic examination of ovaries in the mare, evaluation of the structures on ovaries (follicle
or corpus luteum) become more suitable (9). Doppler ultrasonography is also a noninvasive and practical tool to
evaluate the function and hemodynamic structure of the organs in different animal species (5). Colour-Doppler
ultrasonographic imaging and Doppler ultrasonography provide distinctively different approaches for assessing the
vascular system of reproductive organs. In colour-flow mode, different colours are represented on the screen display
according to the direction of blood flow to the face of the transducer. The extent of colour can be estimated by
percentage of a tissue with colour signals or can be calculated by computer, based on number of coloured pixels (8). In
literature review, there are studies for predicting the fertility in horses and cattles by examining vascular perfusion of
the preovulatory follicle via Doppler ultrasonography (11, 12). Siddiqui et al. (12) investigated the relationship of
vascular perfusion of the wall of the preovulatory follicle to in vitro fertilization and embryo development in heifers.
As a result, they supported positive correlation between greater vascular perfusion of the wall of the preovulatory
follicle and in-vitro fertilization and embryo development. Varughese et al. (15) stated that vascularization of follicle
could be a successful predictor of fertility in dairy cows and also it was hypothesized that cows with a highly
vascularized follicle (>550 pixel?) underwent a normal pregnancy. Altermatt et al. (3) compared ovarian and follicular
vascularity related to age of the mares. Although they supported older mares have greater follicular vascularity than
younger mares, follicle growth was not found associated with vascularity. However, Ginther et al. (6) investigated the
relationships of follicle versus oocyte maturity to ultrasound morphology, blood flow, and hormone concentrations of
the preovulatory follicle in mares.

In farm animals, recent researches with colour Doppler ultrasonography were usually associated with follicular
maturation (6, 11, 12). Therefore, investigation of the vascular perfusion of the wall of preovulatory follicle in mares
from the point of pregnancy formation was aimed in the presented study.

2. Material and Methods

Fourty Arabian mares (age, 8-15 years; weight, 350-430 kg) were examined during the breeding season and
twenty-six of them included to the study. The mares had free access to grass hay, water, and trace-mineralized salt.
Mild-mannered mares which had no abnormalities in the reproductive system were handled. For this purpose,
transrectal ultrasonography and cytobrush were performed to eliminate the mares with endometritis. Also, mares were
selected according to have had at least one pregnancy in their breeding history.

The selected mares were scanned daily to detect the follicle reached 35mm by B-mode ultrasonography (Esaote
Pie Medical, Genoa, Italy) (Figure 1a). Thereafter preovulatory follicle (35mm) was monitored twice in a day until
ovulation occurred. Any hormone administration was not performed to move ovulation to an earlier time. Follicular
vascularization images which were incorporated into the study, were monitored 18 hours before the ovulation. Colour
Doppler measurements were performed by using Esaote MyLab Five Vet (Esaote Pie Medical, Genoa, Italy) equipped
with a 7.5 MHz linear-array transducer (Figure 1b). Also, follicular diameter on the other ovary was measured to be
greater than 27 mm by B-mode ultrasonography.
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Figure 1: (a) Measurement of preovulatory follicle diameter, (b) Colour Doppler ultrasonography image of
preovulatory follicle.

Sekil 1: (a) Preovulator folikiil capinin olgiilmesi, (0) Preovulator follikiiliin renkli Doppler ultrasonografi goriintiisii

The mares were subjected to natural breeding with a stallion. Pregnancy diagnosis was performed by transrectal
ultrasonography on day 14 to day 30 after mating. The mares with early pregnancy loss were not included to the study.
As a result of ultrasonography findings, mares were divided into two groups related to pregnancy occurrence. Follicle
diameters (mm) belonging to pregnant and non-pregnant mares were calculated during the ultrasonography imaging.
Also, area of coloured pixels (A red, A blue, A mix; cm?) were measured with the computer-based image analysis
program (Pixelflux, Chameleon-Software GmbH, Miinster, Germany). Additionally, volume (V red, V blue, V mix)
and intensity (I red, I blue, I mix) of coloured pixels were determined. For this purpose, the stored Doppler images
(three images of the blood flow area belonging to the preovulatory follicle) were used for evaluation of vascularization
on the follicle wall. Thus, the whole follicle was chosen as a region of interest (ROI). Then, the coloured pixels inside
the ROI were calculated to reach the values of area, volume and intensity; respectively (Figure 2).

Figure 2: Imaging of the coloured pixels inside the ROI.
Sekil 2: ROI igindeki renkli piksellerin goriintiisii

SPSS 13.0 packet program was used for the statistical analyses. The association between area, volume,
intensity of coloured-pixels in follicular wall and pregnancy was determined by t-test. Pearson correlation test was used
to determine the correlation between areas of colour pixels. The significance level was accepted as P< 0.05.

Ethics approval for the study was obtained from the Unit Ethics Committee (Foundation: University of Istanbul
— Cerrahpasa, Faculty of Veterinary Medicine, Unit Ethics Committee, Date: 01/08/2019, Number: 2019/35).
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3. Results

The groups were composed with equal numbers in terms of presence of pregnancy (n=13). The mean values
of preovulatory follicle diameter in pregnant and non-pregnant mares were 44.26+1.30 mm and 44.23+0.92 mm;
respectively. The areas of coloured-pixels (A mix, A red, A blue) on the follicular wall were evaluated in pregnant and
non-pregnant mares. According to the evaluation of colour Doppler parameters, A mix was positively correlated with
A red (P=0.000) and A blue (P=0.004). Also, volume and intensity of coloured pixels were detected with the computer-
based image analysis program (Pixelflux, Chameleon-Software GmbH, Miinster, Germany). As a result of this, areas,
volumes and intensities of coloured-pixels were not significantly associated with the presence of pregnancy (P>0.05)
(Table 1).

Table 1: Area, Volume and Intensity of coloured pixels according to the presence of pregnancy (Mean values + Std.
Error)
Tablo 1: Gebelik varligina gére renkli piksellerin alanlari, hacimleri ve yogunluklar: (Ortalama degerler + Std.

Hata)

Pregnant Non-pregnant  Significance (P)

mares (n=13) mares (n=13)

A mix (cm?) 0.03+0.00 0.02 +0.00 0.545
A red (cm?) 0.05+0.14 0.04 +0.10 0.351
A blue (cm?) 0.01+0.03 0.02 +0.00 0.666
V mix (cm/s) 2.02+0.22 1.92+£0.28 0.777
V red (cm/s) 1.57 +£0.25 1,94+0.28 0.340
V blue (cm/s) 247 +£0.29 1.90+0.41 0.272
I mix (cm/s) 0.00 +0.00 0.00 +0.00 0.957
| red (cm/s) 0.00 +£0.00 0.00 +£0.00 0.559
I blue (cm/s) 0.00 +0.00 0.00 +0.00 0.515

A mix: Area mix, A red: Area red, A blue: Area blue, V mix: Volume mix, V red: Volume red, V blue: Volume blue, I mix: Intensity

mix, | red: Intensity red, | blue: Intensity blue.

4. Discussion and Conclusion

Ultrasonographic examination of the ovaries provides to monitorize the follicular and luteal changes in mares
(10). As the researchers (10) reported, development of preovulatory follicle was evaluated by transrectal B-mod
ultrasonography. Diameter of preovulatory follicle ranges between 40mm and 50mm in mares. Its shape states from
spherical to conic before the ovulation (9). In line with the previous report, mean of preovulatory follicles were 44mm
in diameter in the presented study.

Doppler USG is a technique that helps to collect data about the vascularization level and flow characteristics
of the tissue. The current map, direction and velocity can be determined in colour Doppler. The oncoming currents to
the probe are coded in red colour and the receding currents from the probe are coded in blue colour (5). In accordance
with the researchers’review (5), the current map of vascularization was imaged by colour Doppler ultrasound. Also,
Acosta et al (1) used colour Doppler ultrasonography to evaluate the vascular perfusion of dominant follicle in mares
during the transition seasons. Unlike with the previous report, preovulatory follicle was evaluated in terms of
vascularization by using colour Doppler USG in this study.
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However, it was reported that power Doppler is an enriched version of colour Doppler which enable for low-
flow tissues such as ovaries (5). Silva et al (13) investigated the relationship between vascularity of the preovulatory
follicle and establishment of pregnancy in mares by spectral Doppler USG. They hypothesized that blood flow to the
preovulatory follicle was positively correlated with pregnancy establishment (13). In contrast with Silva et al (13),
vascularization area of the preovulatory follicle wall was determined by colour Doppler measurements in the presented
research. However, opposite results were obtained in relationship between vascularization area of preovulatory follicle
wall and pregnancy establishment. It was conceived that colour Doppler measurements were not delicate enough to
evaluate the preovulatory follicle wall like power Doppler USG or spectral Doppler USG as Erdogan (5) reported.

Moreover, pregnancy establishment is related with maternal recognition and regular secretion of ovarian and
placental hormones in mares. Concisely, it is indicated that pregnancy is associated with immunology and
endocrinology (14). Although evaluation of preovulatory follicle by power and spectral Doppler USG could give a clue
on time of ovulation and pregnancy occurrence rate, significant results were not obtained by colour Doppler USG
findings related to pregnancy establishment. As the researchers (14) stated that it was thought to be because pregnancy
establishment is associated with not only quality of preovulatory follicle but also it was related with maternal
immunology and endocrinology.

In conclusion, it is not sufficient to estimate the early pregnancy outcomes of mares by determining vascularization in
the preovulatory follicle wall by colour Doppler USG alone.
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