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Abstract 

 
The use of different ultrasound modalities (color, power and pulsed Doppler) in clinical 

research has enhanced knowledge of reproductive pathophysiology in equine, in addition to improving 
the clinical diagnosis of reproductive disorders in both the stallion and the mare. In the stallion, color 
Doppler ultrasound has improved the diagnostic potential of conventional ultrasound, improving the 
differential diagnosis of pathologies such as testicular torsion (decrease or absence of blood flow in the 
cord) and orchitis (increased blood flow in the cord). The function of the testicle is highly dependent on 
the blood flow it receives; therefore, any vascular alterations can affect both the quality and production 
of sperm. In recent years there have been a greater number of studies in which Doppler ultrasound is 
used as a tool in the diagnosis of testicular dysfunction and in the monitoring of medical and surgical 
treatments. In the mare, ultrasound technology has allowed numerous advances in basic research 
regarding the vascular hemodynamics of the ovary and uterus. Moreover, it has become an indispensable 
tool in reproductive practice. Among the clinical applications of this technique in mares are the 
evaluation of CL (corpus luteum) functionality, being a useful tool in the selection of recipients in embryo 
transfer programs or the use of power Doppler in the diagnosis of pregnancy as early as 7 days post-
ovulation prior to flushing. Finally, the incorporation of color and pulsed Doppler ultrasound into the 
examination improves the diagnosis of mares with endometritis due to a pathological increase in uterine 
blood flow.  
 
Keywords: subfertility, power Doppler, color Doppler, pulse Doppler, stallion, mare, pregnancy 
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Introduction 
 

The use of ultrasound technology has allowed significant advances in equine reproduction 
research and has notably improved reproductive diagnosis in both stallions and mares. Ultrasound was 
first used in this species in the 80s, mainly for the reproductive evaluation of the mare (Ginther 2014). 
However, it has also gradually been introduced as part of the reproductive evaluation in stallions. B-mode 
ultrasound has contributed to knowledge of physiological aspects of the mare such as the characterization 
of follicular dynamics, the phenomenon of embryo mobility prior to implantation and the identification of 
signs prior to ovulation (endometrial edema, follicle deformity, serrated edge of the wall…) (Gastal, 
Gastal, and Ginther 2006b; Ginther 2014). In addition, it has enabled several important clinical findings 
such as the identification of endometrial cysts, hemorrhagic follicles, and accumulation of uterine fluid in 
endometritis, among others (Adams 1987). In the stallion, it has not only made it possible to diagnose 
certain pathologies such as hydrocele or inguinal hernia, but also to predict reproductive capacity by 
calculating the DSO (Daily Sperm Output) (Love CC et al. 1991; M. Pozor 2005).  

The incorporation of Doppler ultrasound has led to new lines of research in this field. The study 
of testicular, uterine, and ovarian vascular hemodynamics in this species has added to knowledge of the 
pathophysiology of these organs. Doppler ultrasound has improved the diagnostic potential of 
conventional ultrasound, contributing to the identification of certain pathologies, and allows early 
detection of any pathology related to the perfusion of these organs. However, despite the great diagnostic 
potential of this technology, the lack of knowledge amongst practitioners about its possible applications 
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in clinical diagnosis, means that this technique is not standardized, nor is it part of the basic reproductive 
examination. 

The objective of this article is to provide an up-to-date review of recent advances and 
applications of Doppler ultrasound in reproductive diagnostics in both the stallion and the mare.  
 

Ultrasound modalities used in equine reproduction 
 

Doppler ultrasound is based on the “Doppler effect”, that is, on the difference between the 
frequency of the transmitted ultrasound waves and that of the echoes received by the ultrasound probe 
emitted by moving erythrocytes (Ginther and Utt 2004). Doppler effect was first described in 1842 by the 
Austrian physicist Christian Johann Doppler. 

Most ultrasound machines currently have the different Doppler modalities incorporated and 
present an acceptable quality for the evaluation of both testicular and uterine vascularization. The three 
Doppler modalities used in equine reproductive medicine are color Doppler, power Doppler, and pulsed 
or spectral Doppler. 
 

Color Doppler 
 

Color Doppler imaging has had a great impact on ultrasonography. This Doppler modality 
combines a B-mode two-dimensional image of tissue structures with a color representation of blood flow. 
It allows qualitative evaluation of the presence or absence of blood flow in an organ or area (Ginther and 
Utt 2004). Furthermore, the flow direction evaluated can be observed and the flow velocities can be 
subjectively assessed by coding the color intensity. It converts frequency changes into red (erythrocytes 
move towards the probe) and blue (they go in the opposite direction to the echoes). Brightness of the 
image is also taken into account; the brighter the image, the greater the frequency amplitude(Ginther and 
Utt 2004). Image analysis software such as Image J has been used in research work in order to semi-
quantitatively evaluate the vascularization of different organs based on the area and intensity of pixels 
identified in the image. The extent of color can be estimated by percentage of a tissue with color signals 
or can be calculated using different software, where this calculation is made by assessing the number of 
colored pixels (Delorme et al. 1995).  

This ultrasound modality is usually used to evaluate the vascularization of the CL, the follicle, 
and the uterus in the mare for diagnostic purposes (figure 1). In the stallion, this technique improves the 
diagnosis of pathologies such as varicocele and allows a differential diagnosis between testicular torsion 
(absence of flow in the cord) and inflammatory conditions such as orchitis or epididymitis (increased 
flow in the testicular cord)(Ortega-Ferrusola et al. 2014b)(figure 2). Color Doppler has also been used in 
the diagnosis of embryonic and fetal viability, as well as in the diagnosis of fetal sex after 120 
days(Mebarki et al. 2019; Resende et al. 2014). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Images showing evaluation of a functional corpus luteum using color (A) and power (B) Doppler. 
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Figure 2. Comparison of B mode and colour Doppler ultrasound images of the supratesticular (A and B) and capsular 
(C and D) arteries in a stallion. 

 
The increased flow sensitivity and improved vascular detail provided by power Doppler have 

been used to detect flow presence and characteristics in vessels that are poorly imaged with conventional 
color Doppler. Thus, this ultrasound modality is also a qualitative technique, but with greater sensitivity 
than color Doppler, allowing the detection of small diameter vessels with slower flow such as 
microvascularization of the endometrium, testicular parenchyma, and CL
1). This technique combines a two
number of erythrocytes in a vascular 
number of blood cells that are moving per unit of time.
independent of the angle of insonation and does not provide information about the direction of blood 
flow, or speed.  The computerized analysis of power Doppler images of organs such a
allowed us, for example, to differentiate pregnant from non
prior to embryo recovery (Nieto
purposes, allowing pixels of the irrigated areas to be counted, thus obtaining quantitative data from the 
examined area. However, they are now being developed for clinical purposes, as is the case with Ecotext 
(Humeco, Huesca, Spain), a computer program developed for the evaluation of
various species, providing information on testicular functionality
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Pulsed Doppler 
 

This is the only modality that allows objective quantification of blood flow in a given vessel, 
providing a series of flow velocity and peripheral vascular resistance parameters that allow early 
diagnosis of any vascular insult. Frequency changes are plotted on a graph as a function of time(Ortega-
Ferrusola et al. 2014a). One of the aspects to consider with this ultrasound modality is that the ultrasound 
equipment must have the triplex ultrasound function, which allows movement of the image in B-mode, 
color Doppler mode and Pulsed Doppler mode simultaneously. This function allows a more precise 
evaluation of the blood flow of the vessel being evaluated, especially in organs as mobile as the testis or 
for the transrectal evaluation of flow in uterine and ovarian arteries.  

The flow velocity parameters provided by the ultrasound equipment are the peak systolic 
velocity (PSV), the end diastolic velocity (EDV) and the time average mean velocity (TAMV). From 
these three velocities, most ultrasound machines automatically calculate Doppler indices. These indices 
are the resistance index or RI ([PSV - EDV] / PSV) and the pulsatility index or PI ([PSV - EDV] / 
MV)(Ortega-Ferrusola et al. 2014a). RI indicates the vascular resistance of blood flow distal to the 
measurement site, while PI quantifies the pulsatility of the cardiac wave or cycle. Evaluation of these 
parameters and indices provides information on the hemodynamics of the organ studied. In general terms, 
atrophy or degenerative conditions will be characterized by a decrease in both indices and Doppler 
velocities, whereas hyperemic conditions will present a decrease in Doppler indices and an increase in 
velocities. Finally, ischemic processes (testicular torsion, inguinal hernias) can be identified by an 
increase in Doppler indices and a decrease in velocities(Ortega-Ferrusola et al. 2014b).  

The vascular hemodynamics of organs such as the testes can be influenced by numerous factors, 
both physiological (age of the animal, body size, seasonality, sexual activity, or the use of sedatives 
during the evaluation) and pathological (orchitis, testicular torsion, hydrocele...) (Ortega-Ferrusola et al. 
2014b; Araujo and Ginther 2009). Thus, stallions may present with seasonal testicular hyperemia or that 
due to increased sexual activity or with inflammatory hyperemia due to, for example, orchitis.  
 

Clinical applications of Doppler ultrasonography in stallions 
 
Ultrasound was first used in the 90s in the reproductive evaluation of the stallion, allowing not 

only diagnosis of some reproductive pathologies, but also the calculation of actual sperm production 
(DSOa) (M. Pozor 2005). One of the parameters most widely used in the diagnosis of testicular 
dysfunction in stallions is the calculation of reproductive efficiency (RE: (DSOa/DSOp) x 100)(Love CC 
et al. 1991). Normally, when the actual sperm production (DSOa: volume x concentration) is well below 
the predicted one, this confirms that the stallion suffers from testicular dysfunction (RE <50%). However, 
when this occurs, in most cases, it is usually too late for treatment to be effective(T. L. Blanchard et al. 
2001). This has led to the use of other ultrasound modalities that allow an earlier diagnosis of subfertility, 
such as Doppler ultrasound. The testicle is a highly metabolic organ with a very low concentration of 
oxygen in the seminiferous tubules, so any changes in the vascular supply will affect the functionality of 
the testicle. For this reason, in recent years there have been a greater number of studies in which Doppler 
ultrasound is used as a tool both in the evaluation of the reproductive potential of the stallion, as well as 
in the diagnosis and monitoring of medical and surgical treatments.  

The evaluation of testicular vascularization can be carried out in three locations on the testicular 
artery: at the level of the cord (supratesticular artery), on the caudal pole of the testicle near the tail of the 
epididymis (capsular artery) or within the parenchyma (intratesticular artery). In a previous study by our 
group, we found that the capsular artery was the most reliable location to carry out spectral Doppler 
assessment. This artery has a straighter trajectory, unlike the supratesticular artery, which has a more 
contoured path. Furthermore, we were able to verify that blood flow parameters for this artery were most 
closely correlated with different parameters of sperm quality (Ortiz-Rodriguez et al. 2017). Measurement 
of flow in the intratesticular artery is feasible, but the position of these arteries and their small diameter 
meant that measurement of Doppler parameters was tedious and time-consuming. 
 

Diagnosis of testicular dysfunction 
 
The diagnosis of testicular dysfunction in the stallion has traditionally been based on the 

evaluation of sperm quality and production, evaluation of levels of FSH, LH and estradiol in plasma, and 
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on the calculation of testicular volume and DSOp using B mode ultrasound (T. Blanchard et al. 2000; T. 
L. Blanchard et al. 2001; Love CC et al. 1991). However, most of these parameters are only affected in 
advanced stages of testicular degeneration(Oristaglio Turner 2007). In addition, they require samples to 
be sent to specialized laboratories or, as in the case of seminal evaluation, they require continuous 
monitoring of the animal at specific times (seasonal variations) for early detection of any decrease in 
sperm quality or production.   

Doppler ultrasound provides the clinical practitioner with a simple and rapid diagnosis of any 
vascular insult that may ultimately affect the function of the testicle. Several studies in different species 
demonstrated that Doppler parameters are correlated with sperm quality and production parameters (Zelli 
et al. 2013; Gloria et al. 2018; M.A. Pozor et al. 2014; Biagiotti et al. 2002). Doppler indices have been 
found to be potential markers of testicular functionality. In humans, RI is a marker of testicular 
dysfunction widely used in reproductive medicine to identify patients with different causes of testicular 
dysfunction (Pinggera et al. 2008). In horses, the RI was also found to be increased in oligospermic 
stallions and in horses with pharmacologically induced testicular dysfunction (M.A. Pozor et al. 2014; 
Ortiz-Rodriguez et al. 2017), so it may be a promising method for the diagnosis of obstructive 
azoospermia (blockage of the ampulla) versus the non-obstructive type. In equines it has been found that 
the best Doppler parameters to predict sperm quality in stallions using ROC curves were: Doppler 
velocities (PSV, EDV and TAMV), the diameter of the capsular artery and TABF parameters (tissue 
perfusion parameters) (Ortiz-Rodriguez et al. 2017). In general terms, it was observed that oligospermic 
and asthenospermic stallions presented a decrease in Doppler velocities and an increase in Doppler 
indices. In the same study, reference values for Doppler parameters were established for the first time in 
equines. In addition, cut-off values were calculated to differentiate between fertile stallions and those with 
chronic testicular dysfunction. The diameter of the capsular artery was also a good predictor of 
subfertility, with diameters of this artery below 2.9 mm in subfertile stallions (oligospermic and 
asthenospermic). In this study, in addition to Doppler parameters, sperm quality parameters were 
evaluated by flow cytometry (viability, mitochondria and DNA fragmentation), DSO and sperm motility 
and velocity parameters using CASA systems. Important correlations were found between the Doppler 
parameters and the sperm quality parameters studied (Ortiz-Rodriguez et al. 2017). Thus, Doppler 
ultrasonography is a valuable diagnostic tool for use by clinical practitioners for the diagnosis of stallions 
with testicular dysfunction and could be a viable alternative to invasive procedures traditionally used for 
diagnosis of sub-fertility disorders. 
 

Monitoring of therapeutic outcomes following treatment 
 
Doppler ultrasound allows not only the diagnosis of pathological conditions but also the 

monitoring of medical treatments administered to patients. The functionality of the testicle is highly 
dependent on the blood flow it receives. Several studies have been carried out to see if certain drugs can 
improve testicular perfusion and therefore the quality of ejaculates. N-acetyl-cysteine (NAC) and 
pentoxifylline are drugs with antioxidant properties and also improve the microcirculation of tissues (HA 
Takhtfooladi et al. 2016). Pentoxifylline increases microcirculatory blood flow due to erythrocyte 
deformability, blood viscosity, platelet aggregation, and plasma fibrinogen concentrations(Ward and 
Clissold 1987). Several studies using the mouse model confirmed how treatment with pentoxifylline 
improved testicular vascularization in testes that had suffered torsion or some type of ischemia (Savaş et 
al. 2002; M. A. Takhtfooladi, Moayer, and Takhtfooladi 2015). Furthermore, it has been shown to 
improve seminal quality in patients with varicocele as well as in patients with asthenospermia and 
idiopathic oligozoospermia (Oliva, Dotta, and Multigner 2009; Schill 1982). In horses, oral 
administration of pentoxifylline over 2 months increased vascular perfusion of the testes, increasing the 
Total Arterial Blood Flow Rate (TABFR) and decreasing the Doppler indices in the stallions treated 
during and after treatment (Malgorzata A. Pozor et al. 2011). However, in this study sperm quality was 
not affected by treatment, possibly due to the short period of treatment administration (2 months), 
compared to similar studies in humans (3-6 months) (Marrama et al. 2009; Oliva, Dotta, and Multigner 
2009). Another medical treatment that has been evaluated using Doppler ultrasound was the 
administration of a single dose of hCG (5000 IU), which improved testicular perfusion as early as 1 h 
after administration (Bollwein et al. 2008).  

Doppler ultrasound has also allowed monitoring of surgical techniques. Acquired inguinal 
herniation is a very common condition in stallions, usually leading to unilateral or bilateral castration to 
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prevent future recurrence. Recently, several surgical techniques such as the standing laparoscopic 
peritoneal flap hernioplasty (SLPFH) have been developed to avoid herniation recurrence and preserve 
the breeding activity of high economic value stallions (Gracia-Calvo, Ortega Ferrusola, and Ezquerra 
2014). Our research group carried out a study evaluating whether the preventive closure of the inguinal 
rings using standing laparoscopic peritoneal flap hernioplasty (SLPFH) compromised the testicular 
vascularization and the seminal quality of these horses. In this study pulsed Doppler ultrasound and 
conventional seminal evaluation techniques were performed in order to check whether reproductive 
function of stallions was preserved after this intervention (Gracia-Calvo et al. 2015; 2014). Sperm 
production and sperm quality parameters of stallions on which surgery was performed were not affected 
during the year after surgery. However, curiously, it was observed that all the stallions presented a 
decrease in Doppler indices and an increase in Doppler velocities at 12 months after surgery, 
corresponding with a hyperemic, non-ischemic process as expected. This hyperemia could be due to an 
increase in the sexual activity of the stallions because these stallions had been never used as breeding 
males before or otherwise, the SLPFH may have been compressing the spermatic cord at the level of the 
internal inguinal ring, causing a slight external stenosis of the testicular artery. This would trigger a 
compensatory hyperemia to support the deficit of blood flow supplying the testis (Gracia-Calvo et al. 
2015).  
 

Early diagnosis of acute subfertility problems 
 
Doppler ultrasound is a good tool for early diagnosis of testicular dysfunction. In a preliminary 

study by our research group in which we induced testicular dysfunction through anti-GnRH 
immunization, we were able to verify that immunocastration with Improvac® reduced the blood flow to 
the testis before the sperm quality and production were affected. Testicular vascularization (TABF) 
significantly decreased one month after the first Improvac® vaccine. However, all the quality and 
production parameters evaluated significantly decreased two months after the first vaccine. Once again, 
highlighting the importance of adequate irrigation for correct functioning of the testicle. 
 

Clinical applications of Doppler ultrasonography in mares 
 
B-mode ultrasound has become an indispensable tool in the reproductive examination of the mare. 

In contrast, the use of Doppler ultrasound by clinical practitioners is not as widespread. The first published 
work on Doppler ultrasound in mares was in 1998 by Dr Bollwein's group (H Bollwein et al. 1998). 
Subsequently, numerous studies have been carried out on the use of Doppler ultrasound in the mare.  
 

The use of Doppler ultrasound for evaluation of the CL and follicle 
 

One of the most widespread applications of color Doppler ultrasound in reproductive practice is 
assessment of the functionality of the corpora lutea. Several studies have shown that the area of luteal 
blood vessels correlates well with circulating progesterone [P4] concentrations in estrous cycling mares 
(H. Bollwein et al. 2002). Moreover, luteal blood flow is positively correlated with circulating [P4] in the 
non-pregnant mare, where it is a more reliable predictor of CL function than CL size, particularly during 
luteal regression (Ginther, Gastal, Gastal, Utt, et al. 2007; H. Bollwein et al. 2002). 

Numerous studies have been carried out aimed at learning more about follicular dynamics in the 
mare. Among the most important findings are the greater vascularization that dominant follicles present 
compared to the subordinate ones during the follicular selection process. This greater vascularization 
occurs before changes in the follicular diameter are detected (Acosta et al. 2004); a decrease in the 
percentage of follicle circumference with signs of blood flow in the follicle wall occurs 4 hours before 
ovulation (Gastal, Gastal, and Ginther 2006a). Serration of the granulosa opposite the future site of 
ovulation results from blood vessels beneath the granulosa (Ginther, Gastal, and Gastal 2007) or the 
differences in the vascularization pattern between preovulatory follicles and hemorrhagic follicles 
(Ginther, Gastal, Gastal and Beg, 2007). 
 

The use of Doppler ultrasound in embryo transfer programs 
 

All advances in Doppler ultrasound have promoted its use and paved the way for new 
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applications of this technique in embryo transfer programs (Pugliesi et al. 2018). The high precision and 
sensitivity of this technique in the evaluation of CL function has led to new applications such as the 
selection of recipient mares at the time of embryo transfer based on luteal blood flow (Brogan et al., 
2016; Ferreira et al., 2020a). A recent study in which both color and pulsed Doppler ultrasound were used 
for the selection of recipients, found that mares with a RI in their uterine arteries close to 1.0 correlated 
with mares with high CL vascularization and elevated P4 concentrations (Ferreira et al. 2020b). In 
addition, it has been proven that CL area, area of blood flow, or [P4] are predictive of pregnancy (Brogan 
et al. 2016). 

Another application of Doppler ultrasound in embryo transfer programs has been the diagnosis 
of pregnancy on day 7 or 8 prior to collection of the donor embryo. Flushing for embryo recovery from 
the donor mare's uterus is normally performed without a previous pregnancy diagnosis since early 
pregnancy diagnosis techniques in mares (before 10 days) did not exist until now. Previous research has 
revealed that migration of the embryo could have a local effect on endometrial vascularization, 
stimulating uterine blood flow (Heinrich Bollwein, Mayer, and Stolla 2003). Using power Doppler 
ultrasound and subsequently analyzing the images with Image J v1.48 software (computer analysis of 
Doppler images), significant differences were detected in uterine blood flow between pregnant and non-
pregnant mares. Vascular perfusion of the endometrium was analyzed using spot meter techniques, 
measuring mean pixel intensity and area of blood flow (figure 3). Mares with positive flushings presented 
a higher uterine blood flow area (one embryo: 54.01 ± 2.27 mm2 or two embryos: 61.01 ± 6.73 mm2) 
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 is a good predictor for 
differentiation between pregnant and non-pregnant mares with an AU C: 0.869; p <0.001 and an optimal 
cut-off value of 37.21 mm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Computer analysis of power Doppler images of a uterine horn, used to differentiate pregnant from non-
pregnant ares 8 days post-ovulation. Transverse echographic sections of the uterine horn are first obtained using 
power Doppler. The uterine horn area is subsequently defined and Image J software is used to calculate mean pixel 
intensity and area of blood flow employing spot meter techniques. 
 

The use of Doppler ultrasound in the diagnosis of endometritis 
 

Endometritis is one of the most frequent pathologies in mares and difficult to diagnose in many 
cases (Christoffersen and Troedsson 2017). Therefore, an increased understanding of the mechanisms 
involved in the disease progression is necessary to improve the treatment and management of these 
mares. In a recent study, color and pulsed Doppler ultrasound was incorporated into the diagnostic work 
up in mares with endometritis (Abdelnaby et al. 2020) 

Uterine blood flow analyzed using color mode showed a significant increase in the endometritis 
group, while the spectral mode showed a significant increase in Doppler velocities and blood flow rate 
accompanied by a significant decrease in Doppler indices. The mares with endometritis had pathological 
hyperemia in the uterus. Therefore, the incorporation of Doppler ultrasound into standard diagnostics 
could improve diagnosis of endometritis in mares because it showed changes in uterine vascularization. 

In a previous study by our group, we observed that older barren mares showed higher 
endometrial vascularity (35.06 ± 2.56 mm2) than younger ones (17.21 ± 1.26 mm2) and middle aged non-
pregnant mares (23.84 ± 1.50 mm2) (p <0.05). However, older (12-18 years old) and middle-aged 
pregnant mares (5-11 years old) had increased uterine vascularization compared to young pregnant mares 
(2-5 years old) (p <0.001) but there was no difference between these two groups. This increased irrigation 
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in barren geriatric mares may be a consequence of a subclinical endometritis due to repeated flushing for 
embryo recovery(Nieto-Olmedo et al. 2020).  
 

The use of Doppler ultrasound for monitoring treatment 
 

Doppler ultrasound has also been used as a tool to monitor medical treatment in mares. Several 
studies have evaluated treatments aimed at improving uterine and ovarian perfusion in mares such as 
supplementation with L-arginine and administration of pentoxifylline(Bailey et al. 2012; Kelley et al. 
2014; Mesa et al. 2015). 
 

Conclusions 
 

The use of the different ultrasound modalities in clinical research has enabled a significant 
amount of knowledge to be gained regarding reproductive pathophysiology in equines, in addition to 
improving the diagnosis of reproductive pathologies. The incorporation of pulsed Doppler ultrasound into 
the reproductive evaluation of the stallion has enabled early identification of stallions with testicular 
dysfunction, thus allowing administration of timely treatment and subsequent improvements of the 
fertility prognosis for these animals. In addition, this technique has been used in the monitoring of 
patients undergoing medical and surgical treatments, thus verifying their efficacy. 

In the mare, the use of color Doppler and power Doppler ultrasound allow a quick and reliable 
evaluation of the functionality of the CL, proving to be a useful tool in the selection of recipients in 
embryo transfer programs. Power Doppler ultrasound allows a pregnancy diagnosis to be made as early as 
7 or 8 days after ovulation. Finally, mares with endometritis experience a pathological increase in uterine 
blood flow that can be diagnosed by color and pulsed Doppler ultrasound.  
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