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Abstract

In order to determine whether differences in uterine blood flow between pregnant and non-pregnant
mares can be used to predict the presence of the equine embryo prior to flushing in an embryo
transfer program, power Doppler ultrasonography was used on a total of 52 mares on days 7 or 8
postovulation. Computer analysis of Doppler images was subsequently performed using ImageJ v1.48
software. Vascular perfusion of the endometrium was analyzed using spot meter techniques,
measuring mean pixel intensity and area of blood flow. Mares with positive flushings presented a
higher uterine blood flow area (one embryo: 54.01 + 2.27 mm?2 or two embryos: 61.01 + 6.73 mm?2)
prior to embryo recovery compared to barren mares (21.77 + 2.22 mm2) (p < 0.05). However,
significant differences in vascular perfusion were not detected between single or twin pregnancies.
Blood flow area appears to be a good predictor for differentiation between pregnant and non-
pregnant mares with an AUC: 0.869; p < 0.001 and an optimal cut-off value of 37.21 mm2. Both the
mare’s age and day of embryo recovery caused effects on uterine vascular perfusion. According to
Youden’s J statistics the uterine blood flow area of young pregnant mares was greater than 25.4 mm?2
on day 7 (with a sensitivity of 75% and a specificity of 87.5%) and greater than 21.02 mm2 on day 8
post-ovulation (with a sensitivity of 93.8% and a specificity of 100%). The uterine blood flow area in
adult pregnant mares was greater than 41.4 mm2 on day 7 (with a sensitivity of 80% and a specificity
of 85.5%) and greater than 35.55 mm2 on day 8 after ovulation (with a sensitivity of 97.2% and a
specificity of 85.7%). Evaluation on day 8 is therefore considered to be more reliable. Older and
middle aged pregnant mares (5e18 years old) had increased uterine vascularization compared to
young pregnant mares (2e5 years old) (p 0.001). Conversely, older barren mares showed higher
endometrial vascularity (35.06 = 2.56 mm2) than young (17.21 £ 1.26 mm2) and middle aged
nonpregnant mares (23.84 + 1.50 mm2) (p 0.05). We hypothesized that the higher blood flow area
seen in older barren mares may be a consequence of a subclinical endometritis due to repeated
flushing for embryo recovery. The results of the present study indicate that power Doppler
ultrasound combined with computer assisted analysis of images are reliable techniques to detect
early pregnancy prior to embryo recovery.

Keywords: Embryo development, Uterine blood flow, Endometrial angiogenesis, Maternal
recognition of pregnancy, Doppler ultrasonography, Mare

1. Introduction

Embryo transfer (ET) is a well-established assisted reproductive technique in the equine industry.
Despite the fact that in mares the fertilization rate is greater than 90%, the expected embryo recovery
rate is only about 75% [1e4]. Flushing for embryo recovery from the donor mare’s uterus is normally
performed on day 7 or 8 postovulation, without a previous pregnancy diagnosis. The equine presents
a high incidence of early pregnancy loss, with losses between 5 and 15% in young fertile mares which
reach higher values in older mares, especially after the use of biotechnologies [5,6]. Moreover, these
percentages of pregnancy loss, could possibly be even higher, since the presence of the embryo
cannot be detected before day 11lel2 post-ovulation using conventional ultrasonography [2,7].



Equine embryos enter the uterine lumen between 5.5 and 6 days after ovulation, and the intrauterine
mobility phase commences and continues until fixation occurs (day 16e17) [8,9].

Previous research has revealed that the migration of the embryo could also have a local effect on
endometrial vascularization, stimulating uterine blood flow [10]. Moreover, this increase in vascular
perfusion during early pregnancy has been detected in ruminants and sows, and is restricted to the
uterine area that is in direct contact with the conceptus [11e13]. Doppler ultrasound is widely used
for the early diagnosis of subfertility problems in human [14] and equine reproduction [15e17], as
well as being a useful tool to assess the vascular perfusion of the genital tract after surgical or medical
treatments [18e20]. Color-Doppler sonography has become one of the most reliable non-invasive
methods for assessment of the functionality of the CL and uterine vascular hemodynamics in large
animals [21e23]. In addition, this diagnostic tool has previously been used in embryo transfer
programs to assess CL function in recipients mares [24] and cows [25]. However, to the best of our
knowledge, assessment of uterine vascular perfusion as an indicator of early pregnancy prior to
embryo recovery, has not yet been investigated. Earlier studies using color and pulse Doppler
ultrasound evaluated the blood flow of uterine arteries during early pregnancy in mares [10,26].
However, differences in vascular perfusion between pregnant and non-pregnant mares were not
detected until day 11 post ovulation, probably due to the lower sensitivity of color-mode Doppler for
detection of vessels with small diameters. Power-mode Doppler could be a more suitable
ultrasonographic modality to measure early variations in blood flow. Recently, computer assisted
analysis of ultrasonographic images using specific software is contributing towards providing
objective measures of blood flow [26,27]. Therefore, we hypothesize that power Doppler ultrasound
could be a good predictor of early pregnancy in an embryo transfer program. The goal of this
studywas to investigate whether uterine blood flowcould be a good indicator of the presence of
embryo as early as 7- or 8-days post-ovulation, before uterine flushing in an embryo transfer
program.

2. Materials and methods

2.1. Experimental design

In order to determine whether power-mode Doppler ultrasonography is able to detect differences in
uterine blood flow between pregnant and non-pregnant mares, a total of 52 mares were classified
into two groups: Group 1: 26 mares where embryo recovery was performed on day 7; and group 2:
26 mares where embryo recovery was performed on day 8. From 52 mares, 44 of the mares were
inseminated with stallions of proven fertility close to ovulation and the other 8 formed the negative
control group (noninseminated mares). Doppler assessment of uterine blood flow was performed
before embryo recovery on day 7 or 8 after ovulation. The number of embryos and pregnancy
diagnosis after the embryo transfer were recorded. Doppler analysis was subsequently performed
blinded, off-line on a computer.

2.2. Animals

Animals belonging to and housed in our institution were kept according to institutional and European
animal care regulations (Law 6/2913 June 11 and European Directive 2010/63/EU), and all
experimental procedures were reviewed and approved by the Ethical committee of the University of
Extremadura, Caceres, Spain. A total of 52 mares (Pure Bred Spanish horses) between 2 and 18 years
old were used in this study. All mares were evaluated prior to the study (one cycle) by
ultrasonographic examination and tested by culture of swabs. Mares with uterine pathological signs



such as endometrial cysts, uterine fluid accumulation, irregular cycles and hyperedema grade 5/5
were excluded from the study. One cycle per mare was studied. From 52 mares in this study, 44 were
inseminated with fresh semen and induced to ovulate on the same day and 8 were used as controls
(not inseminated).

2.3. Artificial insemination

All mares were scanned daily until a preovulatory follicle of at least 35mmand a uterine edema grade
3/5 were detected. Then, all mares were induced to ovulate by administration of 2500 IU of hCG
(Veterin Corion®) IV and inseminated 24 h after induction with a standard dose of fresh semen from
different stallions (20 ml, 500 _ 106 mill spz with progressive motility). Mares were checked
ultrasonographically every 12 h until ovulation. Day of ovulation was considered as day O.

2.4. Ultrasonographic examination and image analysis

Evaluation of uterine vascular hemodynamics and subsequent uterine flushing for embryo recovery
were performed on day 7 (Group 1: 22 mares and 4 control mares) and on day 8 (Group 2: 22 mares
and 4 control mares) post ovulation. All mares were sedated with romifidine (0.02 mg/kg) (Sedivet®
Boehringer Ingelheim, Barcelona, Espa~na) before commencing ultrasonographic assessments.
Ultrasonographic examination was performed using MylabFive Vet equipment (Esaote S.p.A,
Genova, Italy) and a linear 5e7.5 MHz probe. The settings were: gain: 70%, PRF: 1,4 KHz with a depth
of 9 cm. The probe was placed transversely in the middle of each uterine horn and two frozen images
were taken per horn. Power flow modes were used to display signals for blood flowin the vessels of
all the endometrium, myometrium and perimetrium due to higher sensitivity for detection of weak
signals from small vessels. The degree of uterine vascular perfusion was objectively assessed by
quantification of pixels in a bitmap (BMP) format. A total of 208 images (four images per mare) were
analyzed blindly. Computer analysis of Doppler images was performed at a later date using Image)
v1.48 software (National Institute of Health, USA). Imagel is a Java-based image processing program
that can calculate area and pixel value statistics of user-defined selections and intensity-thresholded
objects. Vascular perfusion of the endometrium was analyzed using spot meter techniques,
measuring the mean pixel intensity and area of blood flow. First, blood vessels were detected in the
images by applying a color threshold restricted to the uterine horn. After this, mean pixel intensity
and total area of the measurement were calculated (Fig. 1). The resultsof the area (pixels) were
transformed to mm2 and the mean pixel intensity was expressed in arbitrary units (AU). To do this,
the number of pixels in a given distance are quantified and the number of pixels in this distance are
normalized.

2.5. Flushing recovery

Non-surgical embryo collection by uterine flushing was performed after Doppler evaluation (day 7 or
8). Mares were flushed to collect embryos three times with 1000 ml of flushing media (Biolife, Agtech,
USA) per infusion, using a silicone 32 French catheter (Foley Agtech, USA). The effluent was collected
through Y-junction tubing (Agtech, USA) into a 75-microm filter (Agtech, USA). When searching for
the embryo, the content of the filter was rinsed into collection dishes which were searched using a
stereomicroscope at 20X for the presence of an embryo. Then embryos which were collected were
transferred to a recipient mare. The number of embryos collected and positive pregnancy diagnoses
were recorded.



2.6. Statistical analysis

Statistical analysis was carried out using the SPSS software package (version 21.0 for Mac), and
differences were considered statistically significant with a p < 0.05. The Shapiro-Wilk test was used
to test for normal distribution of the data. The data concerning area presented a normal distribution,
and the effect of the number of embryos, the day of embryo recovery and the age of mare were
tested using a one-way ANOVA. These data were subjected to Tuckey’s tests to determine
significance. A Kruskal-Wallis test was used for the pixel intensity data (not normally distributed). All
data were presented as mean + SEM.

Receiver operating characteristic (ROC) curves and Youden'’s J statistics were used to investigate the
value of the proposed variables as indicators of early pregnancy and cut-off values were also
established. Receiver operating characteristics (ROC) analyses were used expressing prognostic value
as area under curve (AUC) with a 95% confidence interval (Cl) and significance test. Results were
expressed as mean + SEM.

3. Results
3.1. Embryo recovery rate

The percentage of positive flushings was 75% (11 negative flushings out of 44) with a total of 40
embryos recovered from 44 flushing operations (26 flushings where one embryo was recovered and
7 flushings where two embryos were recovered) (Table 1).

3.2. Uterine blood flow area in pregnant and non-pregnant mares

In this study, we assessed the area of the blood flow in the uterus of control mares (non-inseminated
mares), mares with a negative flushing, mares with one recovered embryo and mares with two
recovered embryos. There were no significant differences between control mares (27.43+1.31 mm?2)
and barren mares (21.77 + 2.22 mm?2) in uterine blood flow area (Fig. 2).

In contrast, mares with positive flushings presented an increase in the area of uterine vascular blood
flow (one embryo: 54.01 + 2.27 or two embryos: 61.01 + 6.73 mm2) compared with control or barren
mares (p < 0.05) (Figs. 2 and 3). However, regarding the number of embryos, there were no
differences between the presence of one or two embryos (Fig. 2).

Similarly, the intensity of blood flow was evaluated, but there were no differences between groups

(Fig. 4).

3.3. Effect of the day of embryo recovery on uterine blood flow

The area of uterine blood flow in pregnant mares was significantly higher on day 8 than on day 7
(63.12 £ 2.61 vs 47.40 + 2.69; p < 0.05). However, no increase in the blood flow in non-pregnant
mares was detected (Fig. 5).

3.4. Effect of mare age on the uterine blood flow

Mares were classified based on their age into three groups: Young mares (2-5 years old), adult middle

aged mares (6-10 years old) and old mares (>11 years old). The age of the mare caused effects on
uterine vascular perfusion. Older and middle aged pregnant mares (adult mares) had higher uterine



blood flow than young pregnant mares (p < 0.05). However, there were no differences in uterine
blood flow between young and middle aged nonpregnant mares (Table 3).

3.5. Forecasting the presence of the embryo using ROC curves

The area of uterine blood flow was further investigated using ROC curves and Youden’s J index
statistics. Differentiation between pregnant and non-pregnant mares (AUC: 0.869; p 0,001) was
possible with this technique. The optimal cut-off value was 37.21 mm2. In general, non-pregnant
mares reliably fell below this value of cut-off (Sensitivity: 76.5 and Specificity 89.5) (Fig. 6).

The cut-off values for the area of blood flow were also established taking into account the age of the
mare and the day of pregnancy (Fig. 7). Results are shown in the table (Table 4).

4. Discussion

Recent advances in reproductive biotechnology and medicine have improved pregnancy outcome in
equines. In spite of this, the incidence of early pregnancy death continues to be one of the main
sources of economic loss to the equine breeding industry. Pregnancy loss rates in mares are from 5
to 15% in young fertile mares, but may increase to values higher than 20% in older mares, particularly
after the use of biotechnologies such as embryo transfer or insemination with frozen-thawed semen
[5,6]. Moreover, these percentages of pregnancy loss may possibly be even higher, since we cannot
detect the presence of the embryo before day 11el12 post-ovulation. To date, the availability of
techniques for detection of early pregnancy loss in mares have been limited. The results of the
present study indicate, for the first time, that power Doppler ultrasound combined with computer
assisted analysis of images are reliable and effective techniques for the detection of early pregnancy
before day 10 in mares. To the best of our knowledge, this is the first report where differences in
uterine vascular perfusion between pregnant and non-pregnant mares as early as 7- and 8-days post-
ovulation have been detected. Previous research also assessed uterine vascularization using color
and spectral Doppler mode. However, significant differences between pregnant and barren mares
were not seen until day 11 post-ovulation [26]. Bollwein et al. (2003) observed a gradual increase in
blood flow in both uterine arteries during the embryo’s mobile phase [10], unlike in other species,
where greater vascular perfusion was only detected in the ipsilateral uterine artery to where the
embryo was implanted. We did not find differences in blood flow area between uterine horns (data
not shown), but a general increase in the vascularization in pregnant mares. Studies in sows and cows
attributed the increase in the blood flow to synthesis and release of substances with vasoactive
functions such as estradiol -17B by the embryo [27e29]. Estrogen increases uterine blood flow by
binding to receptors in the uterine artery wall, and in particular the uterine artery endothelium [30].
Circulating estrogens have a vasodilator effect on the uterine and ovarian arteries in cycling mares
and after superovulation treatments [31,32]. The equine embryo also synthetizes estrogens from day
6 post ovulation onwards, with a higher production as the embryo growths [33]. In our study,
pregnant mares showed a significant increase in uterine blood flow area on day 7 post ovulation,
which was higher on day 8. In contrast, in the control and non-pregnant groups, mean uterine blood
flow area was lower than in pregnant mares and this parameter did not change on any of the days
studied. Moreover, we did not find significant differences in uterine hemodynamics between single
or twin pregnancies, although we observed a slightly higher uterine perfusion with twins (p: 0.06).

Conversely, recent studies demonstrated that equine embryos produce other vasoactive substances
such a PGE and PGF2a that may also stimulate uterine blood flow. These substances in addition to
vascular endothelial growth factors (VEGF) synthetized by the endometrium of the mare are involved
in the regulation of endometrial angiogenesis [8,34,35]. Moreover, the mobility of the embryo



through the uterus might distribute these substances throughout the entire endometrium. During
early pregnancy in the mare the endometrial secretion of prostaglandin F2a is temporarily reduced
[36]. Similarly, responsiveness to oxytocin is also altered due to reduced expression of the oxytocin
receptor [37]. Therefore, embryonic mobility is most likely induced by prostaglandins synthesized
and secreted from the conceptus itself. The embryo enters the uterine cavity [8,34,38], also
stimulating uterine blood flow. Thus, the increase in uterine blood flow in pregnant mares during
early pregnancy may be related to the vasodilator effect caused by estradiol and other vasoactive
substances such as VEGF secreted by the embryo.

Additionally, this higher blood flow detected in pregnant mares could also be due to conceptus-
derived relaxin. A recent transcriptomic study revealed that the equine embryo expresses the relaxin
transcript during the mobile phase with levels increasing as the conceptus develops [39,40]. In
horses, the embryo and the corpus luteus appear to be the only sources of relaxin, since relaxin
transcripts were not detected in the equine endometrium during this period of development [40].
Relaxin belongs to the insulin superfamily and its potential angiogenic effect on different tissues is
well defined [41,42]. During early pregnancy, relaxin stimulates endometrial blood flow through
upregulation of endometrial expression of vascular endothelial growth factor (VEGF) [43]. In fact, a
recent report demonstrated that pregnant mares showed a higher expression of VEGF and VEGFR2
MRNA when they were compared with cyclic mares [35]. Recently, a study in bovines showed that
their embryos also express transcripts for genes associated with angiogenesis (VEGF) [44]. All these
findings suggest that the conceptus plays an active role in endometrial vascular remodeling within
the uterus required for its fixation and implantation.

One of the indications for embryo transfer is for recovery of embryos from donor mares that are
capable of getting pregnant but which undergo repeated early pregnancy loss associated with factors
such as uterine periglandular fibrosis or other age-related uterine changes [45]. Regarding this, we
classified mares into three groups, aiming to evaluate whether uterine vascular perfusion may be
affected by age. Several studies have suggested that age increases the incidence of uterine
angiopathies in mares [46,47] and could have important implications in endometrial glandular
development, post-breeding endometritis and early pregnancy death in aged mares [48,49].
Moreover, in a previous study, transrectal color and power Doppler ultrasonography was used to
study uterine vascular perfusion in mares with and without uterine cysts. Reduced uterine vascular
perfusion was detected in mares with uterine cysts [50]. In contrast to these studies, we detected
increased endometrial blood flow area in older and adult pregnant mares than in young pregnant
mares (p < 0.001) although there was no evidence of endometrial cysts in the mares included in this
study. Conversely, older non-pregnant mares showed a higher endometrial vascularity (35.06 + 2.56
mm?2) when they were compared with young (17.21 + 1.26 mm?2) and middle aged nonpregnant
mares (23.84 + 1.50 mm2) (p 0.05). These differences in blood flow area, may originate due to a
subclinical endometritis in older mares, as a result of repeated flushing for embryo recovery. In this
study we did not perform histopathological evaluation of the endometrium of these mares but
previous reports demonstrated a positive correlation between repeated embryo recovery attempts
and chronic inflammatory changes in the uterus [51]. Moreover, there is clinical evidence indicating
that repeated flushing-induced endometritis in mares and recurring acute endometritis may result in
chronic degenerative fibrotic changes to the endometrium [52,53].

Doppler ultrasonography is a non-invasive technique that provides qualitative information about
blood flow to different organs. The results of this article have a clinical relevance in routine practice.
Data from the present study reveals that mares with positive flushings present an increase in uterine
blood flow area (one embryo: 54.01 + 2.27 mm2 or two embryos: 61.01 + 6.73 mm2) compared with
barren mares (21.77 + 2.22 mm2) (p < 0.05). Accuracy of this parameter for differentiation of
pregnant from nonpregnant mares was evaluated by the area under the ROC curve (AUC). Area of



blood flow (ABF) presented AUC values of 0.869 (p < 0.001). According to this statistical method, this
parameter is considered to be a “good indicator” for the early diagnosis of pregnant mares. The
optimal cut-off value of ABF to diagnose pregnant mares was 37.21 mm2. In general, non-pregnant
mares reliably fell below this cut-off value (Sensitivity: 76.5 and Specificity 89.5). Because of the effect
of the age of the mare and the effect of the day of embryo transfer on vascular perfusion of the
uterus, we also established cut-off values for blood flowarea for day 7 and 8 in young and adult mares.
The most accurate date to diagnose the presence of the embryo in the uterus was day 8
postovulation, with an AUC of 0.97 in young mares and 0.94 in adult mares. Therefore, we suggest
that the best day to predict if the mare is pregnant or not is day 8 post-ovulation and the cut off
values for young pregnant mares (2-5 years) is 21.02mm and for adult mares (>6 years) is 41.36 mm.
The cut off values obtained in this study can be used as a reference with different ultrasound
equipment providing that the settings detailed in the study are used.

Previous studies in human reproduction demonstrated that preconceptional uterine blood flow, as
well as the expression of endometrial genes is involved in endometrial receptivity and implantation
in women [54,55]. Moreover, endometrial parameters of blood flow were good predictors of
pregnancy outcome after embryo transfers [56]. Uterine receptivity for implantation is crucial for
survival of the embryo, as well as embryo signaling during maternal recognition of pregnancy.
Deficiencies in endometrial receptivity and/or anomalies in the embryo signaling processes could be
identified as early lower uterine area of blood flow. These results support the need for further
research into uterine vascular perfusion as a potential marker of early pregnancy loss or even
placental dysfunction. This technique can be applied in practice by an experienced ultrasound
operator, using the recommended settings and cut-off values. The possibility of diagnosing an early
pregnancy based on endometrial blood flow represents a significant advance in reproductive
medicine and biotechnologies such as embryo transfer. However, having to analyze images using
external software is an inconvenience of this technique, since means that immediate results cannot
be obtained. However, the complete analysis of the images does not take more than 15 min. The
inclusion of this kind of software within existing ultrasound devices for application in reproductive
medicine would be very advantageous for clinicians and researchers. Power-Doppler ultrasound may
also became a potential tool for the diagnosis of early pregnancy loss in mares, although further
research in the area is needed.

5. Conclusion

In conclusion, the results of the present study indicate that power Doppler ultrasound combined with
computer assisted analysis of images are reliable techniques for detection of early pregnancy prior
to embryo recovery on day 7- and 8 postovulation. The technique could be used in routine clinical
practice as a way of maximizing embryo recovery rates from donor mares. Cut-off values established
in this study can be used to predict pregnancy diagnosis prior to embryo collection.
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Tables

Table 1
The table shows in the first column the number of embryo (0, one or two). In the second column, the number of embryos obtained per flushing performed: no embryo in 11
flushings (0 embryo 11 flushings), 26 embryos in 26 flushings {one embryo per flushing) and 14 embryos in 7 flushings (two embryos per flushings ). In the third column, the

ratio between the number of pregnant mares and number of embryos transferred to recipient mares are showed. And finally, the percentage of pregnancy diagnosis of recipient
mares at 45 days is presented.

N* embryos N° recovered embryos/flushing N® pregnant mares/n® transferred embryos Pregnancy diagnosis rate (%)
0 embryo 011 o li]
1 embryo 26/26 17/26 65.4
2 embryos 147 614 428
Total 40144 23/40 57.5

A total of 21 flushing procedures were performed on day 7 and 23 on day 8. (Table 2).

Table 2

This table shows the day that flushing was performed (day 7 and day 8 after ovulation), the n® of positive flushings, the percentage of positive flushings, the n® of recovered
embryos and the e of flushings with twins.

Day of flushing N of positive flushing Percentage of positive flushing (%) N° recovered embryos N= flushing with twins
D7 15/21 715 19 31
D8 18/23 7826 21 423
Total 3344 75 40 7/44
Table 3

Table showing values of area of uterine blood flow (mm?) of pregnant and mon-
pregnant mares as a mean + SEM. Mares were classified based on age range:
young mares (2-5 years old), middle aged mares (610 years old) and old mares
(=11 years old). Data were expressed as a mean + SEM. A b; p = 0.05.

Age Mon-pregnant mares Pregnant mares
2-5years old 1721 + 1.26° 4699 + 3.41%
6-10 years old 2384 + 1.50° 60.62 + 3.28"
=11 years old 35.06 + 2.56" 67.83 « 5.22"

Table 4

The ble show the cut-off values of endometrial blood flow area of young and adult mares on day 7 and 8 o discriminate between pregnant and non-pregnant mares. Blood
flow area was expressed as a mean + SEM.

Area of uterine blood flow{mm™) Day 7 Day &
Mean SEM Mean SEM
Young mares (25 years) Non-pregnant 1970 1.78 1381 130
Pregnant 3629 328 55.03 5.04

Cut-off vales 254 2102
Adult mares (=6 years) Non-pregnant 3180 1.87 2633 3.10
Pregnant 5406 2908 7031 478

Cut-off valies 3555 4136
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Fig. 1. Computer analysis of Doppler images using ImageJ v1.48 software (National Institutes of Health, USA). Vascular
perfusion of the endometrium was assessed objectively by off-line measurement of the number of colored pixels as an
indicator of blood-flow area. The blood vessels were detected in the images by applying a color threshold restricted to
the uterine horn. (For interpretation of the references to color in this figure legend, the reader is referred to the Web
version of this article.)
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Fig. 2. This figure presents the blood flow area of the uterus of the four study's groups: Control mares (non-inseminated
mare), non-pregnant mares, mares with one recovered embryo and mares with two recovered embryos. The area was
expressed in mm2 as a mean + SEM. a, b; Significance was established for p < 0.05.
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Fig. 3. Computer analysis of Doppler images using Imagel v1.48 software (National Institutes of Health, USA). Examples
of power Doppler images of uterine blood flow on day 7: A. Area of blood flow of a non-pregnant mare (negative flushing)
and, B. Area of blood flow of a pregnant mare (positive flushing with one embryo).

Intensity of uterine blood flow

80

70 I

60

50

40

30

Arbitrary Units

20

10

Control No embryo One embryo Two embryos
Fig. 4. This figure presents the intensity of uterine blood flow of the four study’s groups: Control mares (non-inseminated
mares), non-pregnant mares, mares with one recovered embryo and mares with two recovered embryos. The intensity
was expressed as a mean + SEM in arbitrary units. There were no significant differences among groups.



Effect of the day of embryo recovery
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Fig. 5. This figure shows the blood flow area of uterus of pregnant and non-pregnant mares on the day 7 and day 8. The
blood flow area was expressed as a mean £ SEM in mm2. a, b, c express significant differences among groups. p < 0.05.

ROC Curve: Pregnant mares
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Fig. 6. Receiver operating characteristic (ROC) curves for the parameter Area of blood flow (mm2). AUC: Area under the
Curve. The curve was able to detect pregnant mares, provided that the area of uterine blood flow was greater than 37.21
mm?2 with a sensitivity of 76.5% and a specificity of 89.5% according to the Youden’s index.
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Fig. 7. Receiver operating characteristic (ROC) curves for the parameter of blood flow area (mm?2) in young and adult
mares onday 7 (A, B) and 8 (C, D) after ovulation. AUC: Area under the Curve. The curve was able to detect young pregnant
mares (2e5 years old) (A, C) and adult pregnant mares (B, D) (>6 years old), provided different cut-off values of the area
of uterine blood flow on day 7 and 8 after ovulation. According to Youden'’s test the uterine blood flow area of young
pregnant mares was greater than 25.4 mm2 on day 7 (with a sensitivity of 75% and a specificity of 87.5%) and greater
than 21.02 mm?2 on day 8 after ovulation (with a sensitivity of 93.8% and a specificity of 100%). The uterine blood flow
area of adult pregnant mares was greater than 41.4 mm?2 on day 7 (with a sensitivity of 80% and a specificity of 85.5%)
and greater than 35.55 mm2 on day 8 after ovulation (with a sensitivity of 97.2% and a specificity of 85.7%).



