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analysis, records of mares with early pregnancy findings 
and endometrial cyst obtained from the first examination 
(examination-1) were transferred to the computer. Ultra-
sonographic settings (depth, gain, focus, brightness) were 
kept unchanged throughout the entire study while images 
were taken. All ultrasonographic examinations were 
performed by the same person.

Computer-Assisted Image Analysis

The obtained images were transferred to the computer 
for evaluation of the digital echotexture. The images 
were saved as PNG file type with a resolution of 640x480 
pixels. Computer analysis was generated using a special 
software (ImajeJ 1.42q; NIH, USA-Image Processing and 
Analysis Java). The relevant program gives a qualitative 
value between 0-255. When measurement analysis was 
performed, polygonal boundaries were created covering 
every region of the uterus as ‘relevant region’ by avoiding 
fluid accumulation in uterus and myometrium, and MGV, 
HET, CON measurements were made (Fig. 1, Fig. 2). Our  
study was done according to regional surface analysis 
which was [28] previously performed to determine the 
echotexture in dog ovaries. Edematous regions of myo-
metrium were avoided during analysis. All uterine tissues 
were selected in polygonal style and the mean numerical 
data were obtained. It is thought that this method would 
give more reliable results compared to the analysis of 
whole tissue.

Statistical Analysis

Statistical analyses were performed using the SPSS soft-
ware version 22. The variables were investigated using 
visual (histograms, probability plots) and analytical methods 
(Kolmogorov-Simirnov/Shapiro-Wilk’s test) to determine 
whether they are normally distributed or not. Descriptive 
analyses were presented using means and standard 
deviations for normally distributed MGV, HET and CON 
variables. One-way ANOVA was used to compare these 
parameters among the early pregnancy and endometrial 
cyst groups. Levene test was used to assess the homo-
geneity of the variances. An overall P-value of less than 
0.05 was considered to show a statistically significant 
result. When an overall significance was observed, pairwise 
post-hoc test was performed using Tukey’s test. The data 
in the section of table, graph and results are expressed as 
mean±standard deviation.

RESULTS
The MGV, HET and CON values were analyzed with 95% 
confidence in evaluating echotexture from images taken 
from uterine tissue. As a result of the analysis, a significant 
difference was found between the all group (P<0.001) 
(Table 1). The MGV values of the echotexture parameters 
were significantly different between the endometrial cyst 
group (Group VI) and the 13 days pregnancy group (Group 

I) (P<0.05). This difference was found to be more significant 
(P<0.01) between 14 days (Group II), 16 days (Group 
IV) and 17 days (Group V) pregnancy and even more 
significant difference was found in the 15 days pregnancy 
(Group III) (P<0.001). There was no difference when the 
according to stage of pregnant groups were evaluated 
among themselves (P>0.05) (Fig. 3A). HET was statistically 
significant between the endometrial cyst group and the 13 
days pregnancy group (P<0.01). This difference was found 
to be more significant in 15, 16 and 17 days of pregnancy 
(P<0.001). However, the difference between the 14 days 
pregnancy and the cyst group was not significant (P>0.05). 
There was no difference when the pregnant groups were 

Fig 1. 13 days pregnancy (a), endometrial cyst (aı), 14 days pregnancy 
(b), endometrial cyst (bı), 15 days pregnancy (c), endometrial cyst (cı), 
EV: embryonic vesicle. EC: endometrial cyst



522
Discrimination of Early Pregnancy and ...

evaluated among themselves (P<0.05) (Fig. 3B). The CON 
value was found statistically significant among all the other 
pregnant group in the endometrial cyst group (P<0.001). 
There was no difference when the pregnant groups were 
evaluated among themselves (P>0.05) (Fig. 3C). 

DISCUSSION 

The precise diagnosis of early pregnancy in mares during 
breeding season is critical for breeders. Although rectal 
palpation is widely used for diagnosis of pregnancy, it can 
be confused with endometrial cyst since it is not possible 
to palpate the embryonic vesicle [29]. It is important to 
monitor the embryonic vesicle without inner cell mass 
and embryo in the management of clinical diagnosis of 
early pregnancy in mares. Although the diagnosis of a 
product of conception is routinely detected by transrectal 
ultrasonography between 14-18 days after ovulation in 
mares, it is not possible to diagnose an abnormal vesicle 
because ultrasonographic appearance of the inner cell mass 
or embryo development cannot be obtained at this stage. 
By transrectal ultrasonography, embryo in the embryonic 
vesicle can be detected earliest at day 20 ovulation and 
the embryonic heart beat can be seen between 24-25 
days [29]. Examination was done in mares between days 13 
and 18 and embryonic heartbeats were observed parallel 
to the growth of the embryonal sac in the repeated 
examination. However, there was no change in vesicle 
size and appearance in the mares with endometrial cyst. 
In studies conducted on endometrial cysts, the incidence 
of cysts increased with age; the most commonly affected 
mares were reported to be over 10 years old [30,31]. The 
incidence of endometrial cysts in the fertile and subfertile 
mares has been reported to be between 13 and 22% [32]. 
In some studies, encountered 55.5% of endometrial cysts 
in ultrasonographic examinations routinely performed on 
310 mares, ranging in age from 8 to 20 years [33]. In another 
study, a total of 95 cysts were found in 58 of 259 healthy 
mares, ranging in age from 3 to 22 years. While 73.1% of 
these cysts belonged to the mares older than 14 years, 
29.1% belonged to mares between 7-14 years of age [32]. 
The number of cystic structure in mares varies from 1 to 

Table 1. The difference between the average MGV, heterogeneity and contrast values of the uterus of endometrial cystic and early pregnant mares

Groups N
MGV Heterogeneity Contrast

X±Sx X±Sx X±Sx

Group I
(13th day pregnancy) 12 55.20±4.95a 20.75±1.53a 152.83±7.02a

Group II
(14th day pregnancy) 15 58.31±3.88a 19.23±1.39b 144.02±8.18a

Group III
(15th day pregnancy) 29 56.23±1.88a 21.42±0.88a 141.03±4.83a

Group IV
(16th day pregnancy) 17 54.15±3.47a 22.37±1.32a 145.93±4.70a

Group V
(17th day pregnancy) 12 56.08±2.94a 22.20±1.09a 154.65±4.86a

Group VI 
(Endometrial cyst) 39 42.71±0.71b 15.06±0.44b 191.35±3.97b

P value
 (one way ANOVA)

P=0.000
***

P=0.000
***

P= 0.000
***

a,bThe letters on the table are statistically different. A significant difference was found between the six group averages for the related parameter 
variables (P<0.001), ANOVA: Analysis of variance. Values in the table mean the mean±SEM

Fig 2. 16 days pregnancy (a), endometrial cyst (aı), 17 days pregnancy 
(b), endometrial cyst (bı), EV: embryonic vesicle. EC: endometrial cyst
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7 per mare with 3 to 48 mm in diameter which increases 
with age [32,34]. In this study, mares between 5 and 18 years 
of age were used and both fertility and predisposition to 
cyst development were achieved, and the prevalence of 
endometrial cysts (localization to a single uterine region) 
by ultrasonographic examinations and localization of cysts 
was found to be consistent with the literature data. While 
endometrial cysts can be found anywhere within the uterus 
or cervix, they are more common near the bifurcation area 
of the horns and in the uterus [35]. In a retrospective study 
of 55 mares treated for cysts, 33.8% of the cysts were found 

endometrium in the uterine tissue, and 16.4% were found 
in the endometrium in the conjunctional region of the 
uterine horns [36]. Two other studies conducted on 48 and 
259 mares, respectively, reported that the most common 
location of cysts is the junction of the uterine horns and 
body of the uterus [30,32]. In our study, the vast majority of 
cysts were found in the endometrium and only one of 
them was in the junction of the horns. Twins have also 
been encountered during the study, but they have not 
been evaluated.

B-mode ultrasonography computer-assisted image analysis 
has been used for evaluation of uterus [37] and ovaries [20,23,38-40]. 
In order to determine the relationship of embryonic fixation 
with echotexture parameters, a significant increase 
in uterine echotexture was demonstrated in the MGV 
measurements on day 21 after mating in cattle [16,41], on day 
15-16 in mares [42], on day 16 in goats [19] and in pigs [17]. In 
the mares [43] and in cows [16], echotextural changes in the 
endometrial tissue were reported to be associated with  
peripheral concentrations of ovarian hormones. It has  
been reported that uterine echotexture values increased 
during the pre-estrus and pre-ovulation period [41] in 
the heifers and decreased in the mares [42]. In the goats, 
computer-assisted analysis measurements for reproductive 
organs and luteal function were established [19,44,45]. Studies 
on echotextures in farm animals have been carried out on 
sexual cycle follow-up, pregnancy, evaluation of genital 
organs and monitoring ovarian hormones. Increased echo-
texture parameters in early pregnancy were reported in 
mares, but endometrial cyst and early pregnancy, which 
constitute significant problems, have not been evaluated 
for echotextural changes. In the present study, increased 
uterus echotexture in early pregnancy was compatible 
with the previous studies and uterus echotexture was 
found to be statistically significantly higher in pregnancies 
between 13-17 days compared to mares with endometrial 
cysts. This has led to the conclusion that the uterine 
echotexture may have been increased in pregnancy due to 
endometrial folding, which begins to increase during early 
pregnancy and to the effect of the incoming blood flow on 
vascular permeability [29].

As a result, endometrial cysts that may lead to confusion in 
mares during early pregnancy can be distinguished from 
early pregnancy by analyzing their MGV, HET and CON of 
echotexture parameters.
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