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Summary 

El-Shahat, K. H., A. Abo El-Maaty, M. Helmy & Y. El Baghdady, 2019. Power and colour 
Doppler ultrasonography for evaluation of the ovarian and uterine haemodynamics of infer-
tile mares. Bulg. J. Vet. Med. (online first). 
 
The present study was undertaken to investigate the haemodynamics of the ovary and uterus in infer-
tile mares using power and colour Doppler ultrasonography. Forty-seven Arabian mares were handled 
in the current work through several examinations. Based on the breeding history complaints, physical, 
vaginal examination and Doppler examination, 12 mares were found to be suffering from abnormal 
ovarian structures (Experiment I). In addition, nine mares with normal cyclic activity were kept as 
control. Another 16 mares were found to suffer from abnormal uterine conditions and 10 mares with 
normal uterine findings served as control (Experiment II). Blood flows to the anovulatory follicle, 
ovarian inactivity, granulosa cell tumour were compared to those to the dominant follicle and luteal 
blood flow. Uterine blood flow of cysts, abnormal uterine fluids (endometritis) during estrus and 
diestrus were compared to normal uterine vascularisation during estrus, diestrus and post-mating. 
Results showed that granulosa cell tumour had the highest red colour blood flow and total colour 
blood flow area. Blue colour blood flow area of the corpus luteum was higher compared to the domi-
nant follicle and inactive ovary. Uteri with uterine cyst and abnormal uterine fluids during estrus of 
infertile mares had high red colour blood flow, blue colour blood flow and power blood flow areas 
compared to normal uterus during estrus. It could be concluded that Doppler ultrasound could distin-
guish between normal ovaries with normal or abnormal structures. Moreover, the increased uterine 
blood flow area of mares with abnormal fluids in their uteri (endometritis) and uterine cysts could be 
distinguished by comparison to the normal uterine blood flow during estrus.  

Key words: abnormal uterine secretion, anovulatory follicle, granulosa cell tumour, in-
active ovary, uterine cyst 
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INTRODUCTION 

At the end of the 90s, studies utilising 
Doppler ultrasonography to determine 
physiologic and pathologic alterations in 
the reproductive tract of the mare started 
their development. Uterine, follicle and 
corpus luteum vascular perfusion was the 
focus of most studies. Colour and power 
Doppler ultrasonography is a noninvasive 
pulse wave technique that has been re-
cently used for the transrectal study of 
blood flow in the reproductive tract of 
large domestic animals (Ginther, 2007). In 
addition to the uterine artery (Bollwein et 
al., 1998) and its branches, the meso-
metrial attachment and vessels located in 
the endometrium and myometrium can be 
evaluated for studying uterine haemody-
namics (Silva et al., 2005). Also, colour 
and power Doppler ultrasonography were 
used to study the uterine haemodynamic 
of pregnant and non-pregnant mares 
(Ferreira et al., 2008). Doppler ultrasono-
graphy has been already performed to 
study uterine blood perfusion in cyclic 
mares (Bollwein et al., 1998). It was 
shown that poor uterine perfusion was a 
reason for infertility (Rubinstein et al., 
1999). Doppler was also used to study 
uterine blood flow of sub-fertile mares 
(Stolla & Bollwein, 1997) during the es-
trous cycle in connection to ovarian hor-
mones (Bollwein et al., 2002), and in 
early pregnant mares (Bollwein et al., 
2003). Persistent anovulatory follicles are 
connected with the inability of a dominant 
follicle to ovulate (Ginther et al., 2006). 
The incidence of a major anovulatory 
wave in mares preceding the ovulatory 
wave was 25% (Ginther et al., 2004). The 
number of mares developing dominant 
anovulatory follicles during the transi-
tional period differs among reports, from 
15 of 15 horses (Ginther, 1990; Watson et 
al., 2002), to three of eight ponies (Dona-

deu & Ginther, 2002). The presence of 
anovulatory haemorrhagic follicles during 
the estrous cycle of mares causes financial 
impacts, slowing conception and increas-
ing the number of the services per preg-
nancy (Lima, 2015). The future anovula-
tory dominant-sized follicle is character-
ised by LH deficiency and reduced blood 
flow area (Acosta et al., 2004). Haemor-
rhagic anovulatory follicle is the most 
common pathological anovulatory condi-
tion in the mare (Martínez-Boví & 
Cuervo-Arango, 2016). Alterations in ute-
rine vascular perfusion have been detected 
during the estrous cycle, during pregnancy 
and in cases of infusion of inflammatory 
substances (Bollwein et al., 1998). Also, 
important haemodynamic alterations in 
old mares, as an increase in vascular resis-
tance, have been described. In mares, 
peri-glandular fibrosis of the endometrium 
is considered to be the major diagnosable 
cause of embryonic and foetal loss in 
older mares (Ferreira et al., 2011).  

Therefore, the present study aimed to 
reveal the accuracy of Doppler ultrasound 
application through monitoring of ovarian 
and uterine haemodynamic for the diagno-
sis of reproductive problems in mares. 

MATERIALS AND METHODS 

Experimental location 

This study was conducted from January 
2015 to September 2017 at the Equestrian 
Club (El Basateen), Tora prison horse and 
Abassia Horse studs belonging to Police 
department, Ministry of the Interior in 
addition to some private horse studs lo-
cated in Giza province, Egypt. The ex-
periments with the animals have been 
conducted with the ethical approval of the 
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Institutional Animal Care and Use Com-
mittee (IACUC), Cairo University, Egypt. 

Experimental animals, feeding and design 

Forty-seven Arabian and native brood 
mares aged between 4 and 18 years of 
age, weighing 400–600 kg were handled 
in the current work through several exa-
minations. Mares were kept under natural 
light and temperature and artificial light 
was used at night within the paddock. 
They were maintained on a commercial 
pelleted ration and hay with free access to 
water. All animals were healthy and kept 
under strict control measures for internal 
and external parasitism, undergoing a pe-
riodical deworming and prophylactic vac-
cination against the endemic diseases. 
During the course of the work (based on 
the breeding history complaints, physical, 
vaginal examination and Doppler exami-
nation), 12 mares were found to suffer 
from abnormal ovarian structures (Ex-
periment I). In addition, nine mares of 
normal cyclic activity were kept as a con-
trol group. Another 16 mares were found 
to suffer from abnormal uterine condition 
and 10 mares with normal uterine finding 
served as control (Experiment II). 
 Experiment I: mares with abnormal 

ovarian structures  
Mares were assigned to four groups 

based on the ultrasound scanning of ova-
rian structures into normal dominant folli-
cle (n=5), normal corpus luteum (n=4), 
anovulatory follicle (n=4), granulosa cell 
tumour (n=6), and inactive ovary (n=2). 
 Experiment II: mares with abnormal 

uterine findings  
Twenty-six mares were classified into 

seven groups: normal uterus during es-
trous phase (n=4) and diestrus (n=6); ute-
rine cyst during estrus (n=4) and diestrus 
phase (n=3); abnormal uterine secretions 
during estrus (n=3), and diestrus phase 

(n=3), and abnormal uterine secretions 
after mating (post-mating endometritis; 
n=3). Estrus was detected using a male. 
Teasing was done as massive teasing to all 
mares to detect those in heat. All mares 
were scanned daily during one estrous 
cycle to determine the stage of estrus. A 
trans-rectal pulsed-wave Doppler ultra-
sound scanner equipped with 12 MHz 
linear-array transrectal transducer (Sono 
Ace R3; Medison, Samsung, South Korea) 
was used for the examination of the uterus 
and all structures on both ovaries. Both 
uterine horns and uterine body were 
scanned with colour and power Doppler 
modes. All scans were performed by the 
same operator during the experiment. Ex-
aminations were performed from 8 AM to 
11 AM to avoid the high temperature and 
humidity. 

Uterine blood flow measurement  

To evaluate which colour or the single 
colour power Doppler modes would be 
recommended for future evaluation of 
uterine vascular perfusion, both colour 
and power Doppler modes were used du-
ring this study. Vascular perfusion of the 
uterus (all layers combined) was estimated 
subjectively by one operator during the 
study period from the cross sections of a 
horn using single colour power and colour 
flow mode. Only the colour signals that 
appeared to be within the limits of the 
uterine body or horns were considered. 
The uterine vascular perfusion was esti-
mated subjectively using the percentage of 
uterine tissue with colour signals of blood 
flow during real-time cross sectioning of 
the uterus. Multiple cross sections were 
viewed because of animal and uterine 
movements and the variation resulting 
from angles of insonation (Bollwein, 
2002). Each blood flow mode was acti-
vated, and the blood flow area within the 
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uterine wall was quantified from the co-
lour images. All scans were done at a 
pulse-repetition frequency, and identical 
colour gain settings were used. The colour 
mode was used to determine the blood 
flow area within the uterine wall. 

Ovarian blood flow measurement 

For each ovary during estrous cycle, the 
number of follicles, the diameter of the 
largest one, the presence of the corpus 
luteum and the diameter of the corpus 
luteum was recorded using B-mode, co-
lour and power Doppler modes. The di-
ameter of the ovarian follicles per ovary 
was measured with the electronic calipers 
of the ultrasound. The others (>15 mm) 
were counted and their diameter was esti-
mated using the electronic calipers of the 
ultrasound. Follicles were grouped into 
two categories. The first large follicle with 
a maximum diameter (35 mm) on either 
ovary during the follicular phase and ac-
companied by uterine oedema and estrous 
behaviour is considered the dominant fol-
licle (preovulatory). The presence of a 
follicle of diameter ≥ 3 cm with an ab-
sence of uterine estrous oedema and es-
trous behaviour was considered anovula-
tory follicle. The corpus luteum (CL) of 
diameter ≥ 3 cm accompanied with no 
estrous oedema was considered as the 
luteal phase. A dominant preovulatory fol-
licle was monitored before failure in the 
presence of uterine oedema and estrous 
behaviour, but instead to ovulate, it per-
sisted and became anovulatory which 
lasted for more than 12 days without es-
trous behaviour. The blood flow end fo-
cuses for all ovarian structures were quan-
tified by trans-rectal colour Doppler ultra-
sonography using colour mode and power 
flow mode.  

 

Image analysis 

Digital video recording was exported from 
the hard disk of the ultrasound machine to 
a PC. Three good pictures of CL (in B-, 
colour- and power-mode) were chosen. 
Afterward, they were processed using 
image analysis software (Adobe Photo-
shop CC software 1990–2013, Adobe 
Systems) for further detailed digital image 
analysis. The region of each CL was 
manually selected by the magnetic lasso 
tool in Photoshop and the following pa-
rameters were analysed: luteal blood flow 
(LBF) area (in pixels) away from the 
probe, which coloured blue (in pixels), 
blood flow area towards the probe, which 
coloured red (in pixels) and single colour 
power blood flow area (in pixels). The 
mean values of the three selected images 
were calculated and one mean value was 
used as referential. Percent of the co-
loured pixels were calculated by dividing 
coloured power area (in pixels) by the 
total CL area (in pixels) and was used as a 
quantitative index of the changes in blood 
flow within the luteal tissue. For Doppler 
blood flow determinations, the flow mode 
was activated, and the blood flow area 
within the follicular wall was quantified 
from the colour images. Areas of colour 
represent regions with a flow velocity 
higher than 10 mm/s. All scans were per-
formed at a pulse-repetition frequency of 
6 Hz. Identical colour gain settings were 
used for all scans. The colour mode was 
used to determine the blood flow area in 
the follicular wall. The angle of insonation 
was not calculated because of the small 
diameter of vessels, but care was taken to 
obtain the maximum colour intensity. 
Identical colour gain settings were used 
for all scannings. 
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Statistical analysis 

Data were subjected to the statistical 
analysis using Statistical Package for So-
cial Science (SPSS 16, 2007). Data are 
represented as means ± standard error of 
the mean (SEM). Simple one-way 
ANOVA was done to identify the effect of 
infertility problem in ovary or uterus on 
both colour and power Doppler blood vas-
cularisation area. The Duncan’s multiple 
range test was used to discriminate sig-
nificant means. 

RESULTS  

Colour Doppler of different ovarian 
structures  

The area of the colour signal toward probe 
(red/pixel) was significantly increased 
(P<0.05) in granulosa cell tumour than in 
the inactive ovary. However, no signifi-
cant differences were noticed among 
anovulatory follicles, dominant follicles 
and corpus luteum (Table 1). On the other 
hand, the area of the colour signal away 
probe (blue/pixel) significantly (P<0.05) 
decreased in inactive ovary compared to 
corpus luteum, while there was no signifi-
cant difference among inactive ovary, do- 
 

minant follicle, granulosa cell tumour and 
anovulatory follicle groups (Table 1). 

The mean red plus blue colour blood 
flow was similar among different ovarian 
structures but was significantly (P<0.05) 
higher for granulosa cell tumour as com-
pared to the inactive ovary (Table 2). Data 
in Table 2 showed the changes in values 
of power blood flow vascularisation area 
in different ovarian structures. The data 
revealed that the average power Doppler 
blood flows were significantly (P<0.05) 
higher in the corpus luteum than those 
obtained in the dominant follicles. 

Uterine colour and Doppler blood flow 

During estrus, the blood flow area toward 
the probe (red) and the flow away from 
the transducer (blue) of the uteri with ab-
normal uterine secretions or with endo-
metrial cysts were significantly higher 
compared to those of the normal uterus 
(Table 3). During diestrus, the red blood 
flow to the uterus with uterine endometrial 
cyst and when post-mating endometritis 
was recorded, were insignificantly lower 
than those of the normal or the abnormal 
one with uterine secretions. The normal 
uterine red or blue colour blood flow vas-
cularisation area during estrus were lower 
than those recorded during diestrus. The 
reverse was true when abnormal uterine 

Table 1. Effect of ovarian structure on red and blue colour blood flow vascularisation area (in pixels) 
in mares with different ovarian structures (mean ±SEM)  

Colour Doppler mode 
Ovarian conditions 

Number  Red colour Blue colour  

Dominant follicles 5   616 ± 64ab   735 ± 180ab 

Corpus luteum 4 1354 ± 481ab 1974 ± 647b 

Granulosa cell tumour 6 2101 ± 565b 1611 ± 172ab 

Anovulatory follicle 4 1288 ± 225ab 1570 ± 297ab 

Inactive ovary 2     66 ± 66a   113 ± 297a 

means with different superscripts in the same column (a, b) are significantly different at P<0.05. 
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secretions or endometrial cysts are ob-
served in the uterus. Moreover, uterine 
cysts and uteri with abnormal uterine se-
cretions tended to have low red (P=0.08) 
or blue (P<0.05) colour blood flow vascu-
larisation area during diestrus compared 
to those obtained at the time of estrus 
(Table 3). In contrast to the insignificant 
decrease of red blood flow of uteri with 
post-mating endometritis compared to 
those with abnormal uterine secretions, 
the blue blood flow was higher. 

Maximum improvement in the total 
colour (red+blue) uterine blood flow was 

noticed in uterine cyst and abnormal sec-
retion during estrus compared to those 
observed during diestrus and post-mating 
(Table 4). These results exhibited changes 
in the value of the mean power blood flow 
among different uterine findings. The 
power blood flow vascularisation area of 
the uterus with uterine cyst was signifi-
cantly (P<0.05) higher during estrus com-
pared to that during diestrus. The abnor-
mal uterine secretions during estrus insig-
nificantly increased the power blood flow 
vascularisation during estrus compared to 
either diestrus or post-mating. In contrast, 

Table 2. Effect of ovarian structure on red plus blue colour and power blood flow vascularisation 
area (in pixels) in mares with different ovarian structures (mean ±SEM)  
 

Colour Doppler mode 
Ovarian conditions 

Number  Red+blue colour Power blood flow 

Dominant follicles 5 1351 ± 237ab 2248 ± 82a 

Corpus luteum 4 3327 ± 870ab 7383 ± 1935b 

Granulosa cell tumour 6 3711 ± 718b 4912 ± 407ab 

Anovulatory follicle 4 2857 ± 483ab 5045 ± 856ab 

Inactive ovary 2   179 ± 67a 4045 ± 856ab 

means with different superscripts in the same column (a, b) are significantly different at P<0.05. 
 
Table 3. Effect of different reproductive conditions on uterine red and blue colour blood flow vascu-
larisation area (in pixels) in mares (means ±SEM) 
 

Colour Doppler mode 
Uterine conditions 

Number  Red colour Blue colour  

Uterine cyst during estrus 4 1171 ± 251ab 1681 ± 388b 

Uterine cyst during diestrus 3   565 ± 67ab 1350 ± 303ab 

Normal uterus during estrus 4   129 ± 45a   202 ± 49a 

Normal uterus during diestrus 6   812 ± 234ab 1059 ± 232ab 

Abnormal uterine secretions  during estrus 3 1195 ± 590b 1666 ± 821ab 

Abnormal uterine secretions during diestrus 3   869 ± 13ab   335 ± 60ab 

Uterus post-mating uterine secretions 3   525 ± 59ab   625 ± 60ab 

means with different superscripts in the same column (a, b) are significantly different at P<0.05. 
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the power blood flow vascularisation area 
of the normal uterus was not significantly 
lower during estrus compared to diestrus. 

DISCUSSION 

The classic colour-flow mode uses two 
distinct colours, usually variations of red 
and blue, to represent the vascular blood 
perfusion of a structure. Also, coloured 
pixels indicate the blood red cells direc-
tion toward or away from the transducer. 
By convection, red coloured spots indi-
cate blood flow moving toward the trans-
ducer, but blue coloured spots represent 
blood-red cells moving away from the 
probe (Ginther et al., 2007). Power Dop-
pler increases the sensitivity for display-
ing blood flow within the soft tissue from 
3 to 5 times, compared to conventional 
colour display for Doppler sonography 
(Miyazaki, 1998). The greater sensitivity 
allows the evaluation of vessels with a 
small diameter or slow flow that does not 
appear on a conventional colour-flow im-
age because of incompatible velocity 
ranges and Doppler angles. Power Dop-
pler is angle independent and is not influ-

enced by aliasing because velocity is not 
considered directly (Amso et al., 2001).  

Vascular perfusion of a structure can 
be quantitated by many coloured pixels in 
an image or can be estimated subjectively 
by the extent of the coloured spots (Gin-
ther et al., 2007). Additionally, the inten-
sity of the coloured pixels suggests the 
velocity of blood flow ranging from dark 
to bright tonalities for slower and faster 
velocities, respectively (Ferreira et al., 
2011). In power-Doppler mode, the blood 
flow movement is graduated using a single 
colour and the colour pixels intensity vary 
according to the power of the Doppler 
signals (number of blood red cells moving 
at a specific velocity). Power-flow ima-
ging has greater sensitivity to weak blood 
flow and is independent of the Doppler 
angle, its colour display is not influenced 
by aliasing and reduced blooming artifacts 
are observed when compared to the clas-
sic colour-mode Doppler (Ferreira et al., 
2011). Regarding the presence of a sub-
stantial number of small vessels with slow 
blood flow that do not appear on a con-
ventional colour-flow image, it is sug-
gested to use power-flow mode for the 
vascular perfusion evaluation of follicles, 

Table 4. Effect of different uterine conditions on red plus blue colour and power blood flow vascu-
larisation area (in pixels) in mares (mean ±SEM) 
 

Colour Doppler mode 
Uterine conditions 

Number  Red+blue colour Power blood flow  

Uterine cyst during estrus 4 2852 ± 633ab 3830 ± 208b 

Uterine cyst during diestrus 3 1915 ± 238ab   496 ± 44 a 

Normal uterus during estrus 4   331 ± 93a 1346 ± 549ab 

Normal uterus during diestrus 6 1870 ± 377ab 1870 ± 689ab 

Abnormal uterine secretions  during estrus 3 2861 ± 1399b 3518 ± 725ab 

Abnormal uterine secretions during diestrus 3 1205 ± 74ab 1877 ± 731ab 

Uterus post-mating uterine secretions 3 1150 ± 72ab 1929 ± 284ab 

means with different superscripts in the same column (a, b) are significantly different at P<0.05. 
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corpus luteum and uterus (Ferreira et al., 
2008). The present study demonstrated 
that in mares, transrectal Doppler ultra-
sonography was a reliable and consistent 
method for the detection of velocity pat-
terns of the ovarian blood flow during the 
normal and abnormal estrous cycles. The 
mean red colour blood flow was higher in 
granulosa cell tumour than those obtained 
in the inactive ovary. The increased ova-
rian vascularisation in the ovary with 
granulosa cell tumour in mares as ex-
pressed by significantly increased red co-
lour blood flow area and red plus blue 
colour blood flow area is in agreement 
with the association of malignant tumour 
cells with an increase in microvessel den-
sity and peak systolic velocity in patients 
with ovarian cancer (Hata et al., 1998). 
Also, colour Doppler showed vascularity 
in 97.5% of malignant ovarian tumours in 
contrast to only 68.1% of benign tumours 
and 87.5% of malignant tumours had PI 
less than 0.8 in contrast to only 4.54% of 
benign ones. Similarly, 82.5% of malig-
nant tumours had RI less than 0.6 in con-
trast to only 6.81% of benign tumours 
(Shah et al., 2013).  

The ovary with granulosa cell tumour 
(GCT) ranged from 70 mm in diameter 
with a large, thick-walled cavity contai-
ning echogenic fluid to diameter 60 cm 
with the presence of functional contralat-
eral ovary and no behavioural changes 
(Vanderwall et al., 2013). GCTs had vari-
able ultrasonographic appearance. In 
mares, GCT are always unilateral, slow 
growing, and benign. The use of transrec-
tal ultrasonography often revealed a multi-
cystic or honeycombed structure (Ellen-
berger, 2007). An affected ovary can ap-
pear ultrasonographically as a single solid 
mass, fluid-filled structure, heterogeneous 
multicystic mass, or any combination of 
these two. The tunica albuginea surroun-

ding the ovary can often appear thickened 
(Ball et al., 2008). The vascularisation of 
the corpora lutae monitored during the 
present study indicated a non-significant 
increase of red and blue colour blood flow 
area but a significant increase of power 
blood flow area compared to ovulatory, 
and anovulatory follicles. The day after 
ovulation significantly affected the area of 
CL in mares (Abdelnaby et al., 2017). The 
anovulatory follicle recorded herein du-
ring 3rd ovulation persisted for 16 days 
without ovulation or regression and at-
tained a diameter >6 cm. In this respect, 
the incidence of haemorrhagic anovula-
tory follicles (HAFs) is approximately 5% 
and 20% of estrous cycles during the early 
and late ovulatory season, respectively. 
Anovulatory follicles were more common 
in old mares (>20 years), tended to occur 
repeatedly in individuals, and occurred 
most frequently during the late follicular 
phase (Ginther et al., 2007). The anovula-
tory follicle observed in the present study 
had the largest diameter in luteal phase 
compared to those observed in follicular 
ones. In agreement with our results, a por-
tion of the anovulatory follicles achieved 
a measurement that was not recognisable 
from the most extreme width of an ovula-
tory follicle (Ginther et al., 1990). Instead 
of ovulating and forming a typical corpus 
luteum (CL), the anovulatory follicle in-
creases in diameter, with echoic particles, 
and eventually luteinises with active pro-
duction of progesterone (Toda, 1990). 
The natural occurrence of the spontaneous 
luteinised anovulatory follicle was diffi-
cult to predict (Cuervo-Arango & New-
combe, 2012). The current study reported 
that mares with uterine cysts had high 
red+blue vascularisation area compared to 
ultrasonically normal mares which agree 
with the lower pulsatility index (PI) and 
greater end diastolic velocity and time-
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averaged maximum velocity of the me-
sometrial vessels in mares with uterine 
cysts compared to controls. The effect of 
uterine cyst on uterine vascularisation 
depended on their size (Ferreira et al., 
2008). However, the difference between 
the current findings and the results of 
Ferreira et al. (2008) may refer to the dif-
ference in the breed studied, the differ-
ence of the Doppler mode used and the 
effect of the phase of the estrous cycle 
where a small uterine cystic area did not 
affect uterine haemodynamics. In contrast, 
the normal uterus showed a non-sig-
nificant increased vascularisation during 
diestrus compared to estrus. The only sig-
nificant increase of the uterine red colour 
blood flow vascularisation area during 
estrus was observed for uteri with abnor-
mal secretions compared to normal uterus. 
Using colour- and power Doppler modes, 
this study reported a significant difference 
between the ipsilateral uterine horn 
(dominant) and the contralateral horn (non 
dominant) with a reverse correlation bet-
ween them (Abdelnaby et al., 2016). In 
contrast to colour and power Doppler, 
spectral Doppler mode showed no differ-
ences (P>0.05) and a high correlation 
(r=0.81; P<0.0001) between PI values of 
the dominant and non-dominant uterine 
arteries (Bollwein et al., 2004). In agree-
ment with the change of the uterine vascu-
lar perfusion during diestrus compared to 
estrus whatever ultrasonically normal 
uterus, with uterine cyst or with endo-
metrial secretions observed during this 
study, time averaged maximum velocity 
(TAMV) and pulsatility index (PI) of the 
ipsilateral uterine horn had mild cycle-
dependent fluctuations in cyclic cows and 
there were no significant differences in 
these values between consecutive exami-
nations (Honnens et al., 2008). Moreover, 
previous results showed day and horn 

dependence on uterine blood flow in non-
pregnant mares (Abdelnaby et al., 2017). 
Uterine vascular perfusion and mesomet-
rial pulsatility index (PI) evaluated every 
hour from zero hour H0 (moment imme-
diately before AI) to twelve hours (H12) 
revealed a pronounced and transitory in-
crease on uterine vascular perfusion and 
did not vary between old and young mares 
or different grades of endometrial degen-
erations. Moreover, reduced blood flow of 
the uterus during the post-breeding period 
was strongly associated with endometrial 
degenerative changes in mares, regardless 
of age (Ferreira et al., 2015).  

In conclusion, colour and power Dop-
pler ultrasound could distinguish between 
normal follicle, anovulatory follicle, func-
tional corpus luteum, granulosa cell tu-
mour and inactive ovaries. This study 
found out that the estrus phase affected 
blood flow vascularisation of uterine cyst 
and endometritis. Power Doppler was 
more suitable for evaluating uterine vas-
cularisation during the estrous cycle. 
Moreover, the increased uterine blood 
flow area of mares with abnormal fluids in 
their uteri (endometritis) and uterine cyst 
could be distinguished compared to the 
normal uterine blood flow during estrus. 
This study confirmed that Doppler ultra-
sonography was a useful tool in equine 
reproduction and increasing the experi-
ence for its application among veterinary 
practice will reflect on the improved re-
productive performance of farm animals. 
Further studies including endocrine profil-
ing or endometrial cytology and bacteriol-
ogy in subfertile mares are needed. 

CONCLUSIONS 

Though the ovarian neoplasm in mares 
had no growing follicles, it had the highest 
area and vascularisation with either colour 
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or power Doppler. The inactive ovary had 
neither follicles nor vascularisation and 
had the lowest area. The remarkably in-
creased blood flow to the normal uterus 
during estrus was responsible for the se-
cretion of estrous mucus, but the presence 
of abnormal secretions (endometria) in-
creased the uterine blood flow to the sys-
temic circulation to influence the response 
to uterine inflammation. Uterine secre-
tions post-mating or abnormal/uterine 
endometrial cysts disturb the uterine vas-
cularisation during the estrous cycle 
phases and may interrupt the implantation 
of the embryos after breeding. 

ACKNOWLEDGEMENTS 

The authors are grateful to the staff member of 
Equestrian Club (El Basateen), Tora prison 
horse and Abassia Horse stud belonging to 
Police department, Ministry of the Interior for 
allowing animals examination for this study. 

REFERENCES 

Abdelnaby, E.A. & A. M. Abo El-Maaty, 
2017. Luteal blood flow and growth in 
correlation to circulating angiogenic hor-
mones after spontaneous ovulation in 
mares. Bulgarian Journal of Veterinary 
Medicine, 20, 97–109. 

Abdelnaby, E. A., A. M. Abo El-Maaty, R. S. 
A. Ragab & A. A. Seida, 2016. Assess-
ment of uterine vascular perfusion during 
the estrous cycle of mares in connection to 
circulating leptin and nitric oxide concen-
trations. Journal of Equine Veterinary Sci-
ence, 39, 25–32. 

Acosta, T. J., M. A. Beg & O. J. Ginther, 
2004. Aberrant blood flow area and plas-
ma gonadotropin concentrations during the 
development of dominant-sized transitio-
nal anovulatory follicles in mares. Biology 
of Reproduction, 71, 637–642.  

Amso, N., S. Watermeyer, S. O’Brien & A. 
D’Angelo, 2001. Quantification of power 

Doppler energy and its future potential. 
Fertility and Sterility, 76, 583–587. 

Ball, B. A., A. J. Conley & D. T. MacLaugh-
lin, 2008. Expression of antiMüllerian hor-
mone (AMH) in equine granulosa cell tu-
mors and in normal equine ovaries. 
Theriogenology, 70, 968–977. 

Bollwein, H., J. Maier, R. Mayer & R. Stolla, 
1998. Transrectal color Doppler sono-
graphy of the A. uterina in cyclic mares. 
Theriogenology, 49, 1483–1488. 

Bollwein, H., R. Mayer, F. Weber & R. Stolla, 
2002. Luteal blood flow during the estrous 
cycle in mares. Theriogenology, 57, 2043–
2051. 

Bollwein, H., R. Mayer & R. Stolla, 2003. 
Transrectal Doppler sonography of uterine 
blood flow during early pregnancy in 
mares. Theriogenology, 60, 597–605. 

Bollwein, H., F. Weber, I. Woschée & R. 
Stolla, 2004. Transrectal Doppler sono-
graphy of uterine and umbilical blood flow 
during pregnancy in mares. Theriogeno-
logy, 61, 499–509. 

Cuervo-Arango, J. & J. R. Newcombe, 2012. 
Ultrasound characteristics of experimen-
tally induced luteinized unruptured folli-
cles (LUF) and naturally occurring hemor-
rhagic anovulatory follicles (HAF) in the 
mare. Theriogenology, 77, 514–524. 

Donadeu, F. X. & O. J. Ginther, 2002. Follicu-
lar waves and circulating concentrations of 
gonadotrophins, inhibin, and estradiol dur-
ing the anovulatory season in mares. 
Reproduction, 124, 875–885. 

Ellenberger, C., C. P. Bartmann, H. O. Hop-
pen, J. Kratzsch, H. Aupperle, E. Klug, D. 
Schoon & H. A. Schoon, 2007. Histomor-
phological and immunohistochemical cha-
racterization of equine granulosa cell tu-
mours. Journal of Comparative Pathology, 
136, 167–176. 

Ferreira, J. C., E. L. Gastal & O. J. Ginther, 
2008. Uterine blood flow and perfusion in 
mares with uterine cysts: Effect of the size 
of the cystic area and age. Reproduction, 
135, 541–550. 



K. H. El-Shahat, A. Abo El-Maaty, M. Helmy & Y. El Baghdady  

BJVM, ××, No × 11 

Ferreira, J. C., F. S. Ignácio, & C. Meira, 
2011. Doppler ultrasonography principles 
and methods of evaluation of the repro-
ductive tract in mares. Acta Scientiae 
Veterinariae, 39 (Suppl 1), s105–s111. 

Ferreira, J. C., H. S. Canesin, F. S. Ignácio, 
N.S. Rocha, C. R. Pinto & C. Meira, 2015. 
Effect of age and endometrial degenerative 
changes on uterine blood flow during early 
gestation in mares. Theriogenology, 84, 
1123–1130.  

Ginther, O. J. & M. D. Utt, 2004. Doppler 
ultrasound in equine reproduction: Prin-
ciples, techniques, and potential. Journal 
Equine Veterinary Science, 24, 516–526. 

Ginther, O. J., 1990. Folliculogenesis during 
the transitional period and early ovulatory 
season in mares. Journal of Reproduction 
and Fertility, 90, 311–320. 

Ginther, O. J., E. L. Gastal, M. O. Gastal & M. 
A. Beg, 2007. Incidence, endocrinology, 
vascularity, and morphology of hemor-
rhagic anovulatory follicles in mares. Jour-
nal of Equine Veterinary Science, 27,130–
139. 

Ginther, O. J., E. L. Gastal, M. O. Gastal & M. 
A. Beg, 2006. Conversion of, a viable pre-
ovulatory follicle into a hemorrhagic an-
ovulatory follicle in mares. Animal Repro-
duction, 3, 29–40. 

Hata, K., H. Nagami, K. Iida, K. Miyazaki & 
W. P. Collins,1998. Expression of thy-
midine phosphorylase in malignant ovar-
ian tumors: Correlation with microvessel 
density and an ultrasound-derived index of 
angiogenesis. Ultrasound in Obstetrics 
and Gynecology, 12, 201–6. 

Honnens, A., H. Niemann, V. Paul, H. H. 
Meyer & H. Bollwein, 2008. Doppler 
sonography of the uterine arteries during a 
superovulatory regime in cattle. Uterine 
blood flow in superovulated cattle. Therio-
genology, 70, 859–867. 

Lima, A. G., L. C. Costa, M. A. Alvarenga & 
C. B. Martins, 2015. Does clinical treat-
ment with phenylbutazone and meloxicam 
in the pre-ovulatory period influence the 

ovulation rate in mares? Reproduction in 
Domestic Animals, 50, 771–775. 

Martínez-Boví, R. & J. Cuervo-Arango, 2016. 
Intrafollicular treatment with prostaglan-
dins PGE2 and PGF2a inhibits the forma-
tion of luteinisedunruptured follicles and 
restores normal ovulation in mares treated 
with flunixin-meglumine. Equine Veteri-
nary Journal, 48, 211–217.  

Miyazaki, T., M. Tanaka, K. Miyakoshi, K. 
Minegishi, K. Kasai & Y. Yoshimura, 
1998. Power and color Doppler ultrasono-
graphy for the evaluation of the vascula-
ture of the human corpus luteum. Human 
Reproduction, 13, 2836–2841. 

Rubinstein, M., Marazzi, A. & E. Polak de 
Fried, 1999. Low-dose aspirin treatment 
improves ovarian responsiveness, uterine 
and ovarian blood flow velocity, implan-
tation, and pregnancy rates in patients un-
dergoing in vitro fertilization: A prospec-
tive, randomized, double-blind placebo-
controlled assay. Fertility and Sterility, 5, 
825–829. 

Shah, D., S. Shah, J. Parikh, C. J. Bhatt, K. 
Vaishnav & D. V. Bala, 2013. Doppler ul-
trasound: A good and reliable predictor of 
ovarian malignancy. Journal of Obstetrics 
and Gynaecology, 63, 186–189.  

Silva, L. A, E. L. Gastal, M. A. Beg & O. J. 
Ginther, 2005. Changes in vascular perfu-
sion of the endometrium in association 
with changes in location of the embryonic 
vesicle in mares. Biology of Reproduction, 
72, 755–761. 

SPSS, 2007. Statistical Package for Social 
Sciences. SPSS Inc Chicago IL USA 
Copyright© for Windows version 160 
SPSS. 

Stolla, R. & H. Bollwein, 1997. Color Doppler 
sonography of the uterine artery in subfer-
tile  mares. Pferdeheilkunde, 13, 547. 

Toda, T., 1990. Ultrasonographical study on 
luteinized unruptured follicle. Nippon 
Sanka Fujinka Gakkai Zasshi, 42, 1195–
202. 

Vanderwall, D. K., 2013. Vet Med Today: 
Theriogenology question of the month. 



Power and colour Doppler ultrasonography for evaluation of the ovarian and uterine haemodynamics... 

BJVM, ××, No × 12 

Granulosa cell tumor diagnosis. Journal of 
the American Veterinary Medical Asso-
ciation, 243, 791–793. 

Watson, E. D., M. Heald, A. Tsigos, R. Leask, 
M. Steele, N. P. Groome & S. C. Riley, 
2002. Plasma FSH, inhibin A, and inhibin 
isoforms containing pro- and dC during 
winter anestrus, spring transition, and the 
breeding season in mares. Reproduction, 
123, 535–542. 

 

Paper received 17.01.2019; accepted for 
publication 01.04.2019 

 

 

 

 

 

 

 

 

Correspondence:  
 
K. H. El-Shahat  
Department of Theriogenology,  
Faculty of Veterinary Medicine,  
Cairo University, Egypt,  
phone: +20(2) 01064688386;  
fax: +20(2)3572-5240  
e-mail: attiakh@yahoo.com 
 

 

 

 

 
 


	MATERIALS AND METHODS

