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This paper aims to describe the uterine and ovarian ultrasonographic characteristics
and Doppler velocimetric features of their arteries in bitches during the periovulatory pe-
riod. Fifteen estrous cycles in 10 animals were evaluated. The ultrasonographic characte-
ristics, resistance indices (RI) and pulsatility indices (PI) of the uterus and ovaries in each
animal were recorded 5 days before and after ovulation (D0). The data were statistically
analyzed, and the results were expressed as the mean # standard error of mean (P<0.05).
In results the ultrasonographic features of the uterus were the same on all of the cycles and
evaluated days. The uterus had an average diameter of 0.85+0.02cm. An increase in the
volume of the ovaries and the diameter of the ovarian follicles were measured. Ovaries had
a volume of 0.64+0.06cm?, and the follicles cavities had a diameter of 0.46 + 0.01 cm on the
day of ovulation. After ovulation, it was observed that some follicles not collapse in some
cycles. Two days prior to ovulation, the uterine blood perfusion decreased. This decrease
remained unchanged until ovulation. Following ovulation, we measured a gradual increase
in the uterine perfusion and in the ovarian artery. This artery directed blood flow to the
ovaries and increased the intra-ovarian perfusion on the day after ovulation. In conclusion,
specific features are observed in the uterus and ovarian ultrasound image and Doppler
values of their arteries presented on the periovulatory days and when associated allow to
estimate more accurately the date of ovulation.

INDEX TERMS: Ultrasonography Doppler, ovulation, dogs.

RESUMO.- [Ultrassonografia Doppler ovariana e ute-
rina em cadelas.] Este trabalho teve como objetivo des-
crever as caracteristicas ultrassonograficas uterinas e ova-
rianas, e dopplervelocimétricas das suas artérias nos dias
periovulatérios em cadelas. Quinze ciclos estrais em 10 ani-
mais foram avaliados. As caracteristicas ultrassonograficas,
indices de resisténcia (IR) e indices de pulsatilidade (IP)
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do utero e dos ovarios em cada animal foram registrados 5
dias antes e depois da ovulagdo (D0). Os dados foram anali-
sados estatisticamente e os resultados foram expressos em
média * erro padrdao da média (P<0,05). Como resultados
as caracteristicas ultrassonograficas uterinas foram seme-
lhantes em todos os ciclos e dias avaliados, tendo o corpo
uterino um didmetro médio de 0,85+0,02cm. Foi observado
um aumento no volume dos ovéarios e nos didmetros dos
foliculos, tendo os ovarios um volume de 0,64+0,06cm?, e
a cavidade dos foliculos um didmetro de 0,46+0,01cm no
dia da ovulacdo. Apés a ovulagio, foi observado colapso dos
foliculos somente em alguns ciclos. A perfusdo sanguinea
uterina diminuiu dois dias antes da ovulagido e permane-
ceu inalterada até a ovulacdo. Apds a ovulagdo, houve um
aumento gradual na perfusdo das artérias uterinas e ova-
rianas, direcionando o fluxo de sangue para os ovarios e
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aumentando a perfusido da artéria intra-ovariana um dia
apos a ovulacdo. Conclui-se que caracteristicas especificas
sdo observadas na imagem ultrassonografica uterina e ova-
riana, e dopplervelocimétricas de suas artérias nos dias pe-
riovulatérios, e quando associadas permitem estimar com
mais precisao o dia da ovulacgdo.

TERMOS DE INDEXACAO: Ultrassonografia Doppler, ovulagéo, ca-
ninos.

INTRODUCTION

Determining ovulation timing in bitches has been a subject
of study by several authors. This topic is important because
it aids in identifying a more precise date for successful ar-
tificial insemination, especially with frozen/thawed semen.
The ovulation date has been estimated mainly using vagi-
nal cytology, serum hormone concentrations and ovarian
ultrasound. Vaginal cytology is a low-cost technique but is
not accurate for establishing the exact date of ovulation.
The assessment of luteinizing hormone (LH) or progeste-
rone levels is the most suitable method for this purpose.
However, measuring LH requires taking at least two sam-
ples of blood plasma per day. Furthermore, there are no
commercial kits available to measure LH and progesterone
concentrations in many countries, which delays data re-
sults (Lévy & Fontbonne 2007, Uchoa et al. 2012). Ovarian
ultrasonography in B-mode is an alternative method that
can measure the growth of the ovarian follicles from the
antral to the preovulatory stage as well as detect the newly
formed corpora lutea to estimate the likely day of ovulation
(Domingues et al. 2007). B-mode ultrasound is a practical,
non-invasive and relatively low-cost technique (Eker & Sal-
manoglu 2006).

The evaluation of the ovarian arteries has shown that
good perfusion in ovarian follicles is critical for producing
good-quality oocytes and embryos (Nargund et al. 1996).
Moreover, a well-perfused uterus is required for normal fu-
ture pregnancies (Ferreira et al. 2007). In medicine, B-mo-
de ultrasound with Doppler has been used to study uterine
and ovarian hemodynamics during the menstrual cycle in
fertile (Steer et al. 1990) and infertile women (Steer et al.
1994). It has also been applied to monitor the ovarian and
uterus vasculature in in vitro fertilization (IVF) and embryo
transference (ET) (Coulam et al. 1994, Yang et al. 1999, Pan
etal. 2004).

In bitches, Alvarez-Clau and Liste (2005) describe the
uterine arteries only on metestrous and anoestrus, and
England et al. (2012) compared uterine perfusion among
bitches with endometrial hyperplasia and normal uterus,
before and after mating. There have also been two studies
evaluating the intraovarian vessels during the follicular and
luteal phases in nonpregnant bitches (Koster et al. 2001,
Bicudo et al. 2010), one comparing intraovarian vessels du-
ring diestrus in pregnant and nonpregnant bitches (Polisca
et al. 2013) and one report using color Doppler ultrasono-
graphy for detecting periovulatory events in ovarian artery
(Bergeron 2013). There are no studies evaluating these two
arteries, in the same bitch during the periovulatory period.

Assessment of uterine and ovarian perfusion characte-

ristics in the periovulatory period is extremely important.
Thus, this paper aims to describe the uterine and ovarian
ultrasonographic characteristics and Doppler velocimetric
features of their arteries in bitches during the periovula-
tory period.

MATERIALS AND METHODS

Setting and experimental animals

This study was performed at the Laboratory of Carnivore Re-
production and the experimental protocol was approved by the
Animal Ethics Committee of the State University of Ceara (pro-
tocol number 08517453-0), in accordance with the guidelines of
care and use of laboratory animals established by Brazilian Colle-
ge of Animal Experimentation.

Fifteen estrous cycles of 10 bitches comprising 1 Schnauzer,
4 French Bulldogs and 5 Brazilian Terriers, that were property of
commercial kennels and were fed with commercial rations and
water ad libitum. Age ranged from 8 months to 3 years and weight
between 6 and 10 Kg. All bitches had good overall clinical and he-
matological status and known reproductive history.

Ultrasonography assessment

The ultrasonographic evaluations were performed on a daily
basis in a room at approximately 25°C. The assessments began
on the first day of proestrus and continued until the first day of
cytological diestrus. The data were collected 5 days before (D-5)
and after (D+5) ovulation (DO0). The B-mode and Doppler velo-
cimetry analyses were performed using a SonoAce PICO (Medi-
son Co., Ltda, Daechi-Dong, Kangnam-ku, Cuseoul, Korea) model
ultrasonography device. A 5 to 9 MHz frequency linear transducer
and ultrasonography-specific gel were used in all of the examina-
tions. Before the assessment, the bitches fasted for a minimum of
12 hours. Their abdomens were shaved, and they were placed on
dorsal recumbency on a foam cushion.

Uterine B-mode and Doppler assessment

Using the B-mode, the uterine body was located in the pel-
vis entrance area and assessed for ultrasound echogenicity. The
uterine body diameter was measured immediately cranial to the
cervix, in the longitudinal plane, using electronic calipers. The
uterine artery was evaluated parallel to the uterine body and
was located using longitudinal B-mode and color Doppler scans
(Alvarez-Clau & Liste 2005). The calipers for the pulsed Doppler
evaluation were placed on the uterine artery lumen image with
insonation angle < 60° and a graphic representation of the artery
flow was performed with visualization of consecutive waves of
equal velocity and amplitude. At least three waves were measured
on each side of the uterine artery for analysis. The resistance in-
dex (RI) and pulsatility index (PI) were recorded and automati-
cally calculated by the ultrasound machine:

RI = (PSV - EDV) / PSV;

PI=PSV-EDV /M;

(PSV = peak systolic velocity; EDV = end diastolic peak; M = mean PSV
and ECV) (Szatmari et al. 2001).

Ovarian B-mode and Doppler assessment

To evaluate the ovaries with B-mode, scans were performed
in the caudal region and surrounding the kidneys in the sagittal
and transverse planes on the flank. The ovaries ultrasonographic
characteristics were evaluated. The volume was also calculated
automatically by the device using two measurements on the lon-
gitudinal plane (the length and width) and one in the transverse
plane (the thickness). Next, the ovaries were evaluated in all pla-
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nes to monitor follicular development. The diameters of the two
largest follicular cavities in each ovary were measured using the
electronic calipers.

The ovarian arteries were examined bilaterally and evaluated
in two locations: peripherally to the ovary (ovarian arteries) and
internally to the ovary (intraovarian arteries). The methods for
Doppler velocimetric analysis of the ovarian arteries were similar
to those described to assess the uterine arteries. The color Dop-
pler method was applied to check for blood flow in the arteries.
The pulsed Doppler method was used to evaluate the RI and PI.

Vaginal cytology and hormone concentration assessment

The females were observed daily until a hemorrhagic vulvar
discharge was noted. This date was considered to be the first day
of proestrus. From this day, vaginal swabs were collected every
days for vaginal smears. The percent keratinization of the vaginal
epithelial cells was measured under light microscopy (x100-400;
Opticus Co. Ltd., Olympus, Tokyo, Japan) (Uchoa et al. 2012).

The ovulation day, DO, was defined as the day that serum pro-
gesterone concentration reached approximately 5 ng/mL (Bou-
chard et al. 1991). Daily collections of blood samples (4 mL) were
obtained through jugular venipuncture during the periovulatory
period. The blood was collected in dry tubes. These samples were
centrifuged (1000 g/15 min), and the serum samples were stored
at-20°C until the progesterone (ng/dL) and estrogen (pg/mL) as-
says could be performed. The tests were performed using an au-
tomated Elecsys 2010 analyzer (Roche Diagnostics®). Electroche-
miluminescence immunoassay reactions (EQL) were conducted
according to the protocol detailed by the manufacturer (Elecsys
2010, Roche Diagnostics, Basel, Switzerland).

Statistical analyzes

A repeated-measures ANOVA was used to determine the main
effect of days during the periovulatory period on the uterine body
diameter, ovarian volume, presence of follicular and cavitary
structures after ovulation, E2 and P4 hormonal concentrations,
and the RI and PI uterine and ovarian arteries. The differences
between days (from one day to the previous one) were identified
using a Fisher’s protected least significant difference posthoc test.
A paired Student’s t-test was also used to compare the left and
right ovaries, as well as the uterine and ovarian arteries, within
specific days. Stat View software (SAS Institute Inc., Cary, NC, USA)
was used for all analyses, and all data were reported as the mean
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+ S.E.M. for all analyses, P < 0.05 was considered to be statistically
significant.

RESULTS

The ultrasonographic examinations required an average
duration of 45 to 60 minutes. The animals remained calm
during this period. In B-mode, the uterine body was easily
visualized cranial to the cervix (Fig.1A) as a tubular, hypo-
echoic, homogeneous structure with echogenic walls. The
structure had a mean diameter of 0.85+0.02cm on all of the
evaluated days (P>0.05).
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Fig.2. (A) Mean +SEM of RI and PI on uterine, (B) ovarian and (C)
intraovarian artery during the periovulatory period in bitches
(n=15). *Indicate the differences in relation of the previous
day (P<0.05).

Fig.1. (A) Diameter of the uterine body (dotted line green) and cervix (dotted line red). (B) Spectral Dop-
pler of the uterine artery during the periovulatory period in bitches (n=15). Biphasic waveform with
an evident systolic peak (arrow) followed by a small diastolic peak (*).
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In spectral Doppler mode, the uterine artery produced a
biphasic wave with a high systolic peak and a small diasto-
lic peak (Fig.1B). No difference was observed between the
right and left uterine arteries in each day (P>0.05). On the
day of ovulation, the RI of the uterine artery was 0.80+0.01.
The Pl was 2.23+0.04. Variations were observed in both the
RI and the PI on the days that the evaluations were per-
formed. Before ovulation, there was an increase in the RI
between D-3 and D-2. The PI also increased between D-2
and D-1. After this, the PI decreased between D1 and D2
and increased between D2 and D3. Finally, both the RI and
PI were reduced between D4 and D5 (P<0.05) (Fig.2A).

The ovaries were visualized in the caudal region of the
kidney. They were oval to rounded in shape and had hy-
poechoic parenchyma compared to the adjacent tissue.
The ovarian volume was similar on the right and left sides
(P>0.05) on the evaluated days. On the day of ovulation,
the average volume was 0.64+0.06cm?. Over the evaluated
days, the ovarian size increased, and the maximum size was
measured on D3, D4 and D5 (P<0.05) (Fig.3).

Five days before ovulation, rounded structures with
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Fig.3. Mean *SEM of the ovarian volume (cm?®) obtained using ul-
trasound during the periovulatory period in bitches (n=15). *
b Indicate the differences between the days (P<0.05).
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anechoic contents in both the left and right ovaries were
observed. The structures were an average of 0.29+00cm
diameter, compatible with the characteristics of follicles
(Fig.4A). Over the evaluated days, the follicular diameter in-
creased. The largest follicular diameter was observed on D1
(0.46+0.01cm) (Fig.5A). On the day of ovulation, the ultra-
sonographic characteristics of the follicles appeared diffe-
rently in the cycles. In four cycles, all of the follicles collap-
sed on the day of ovulation. In five cycles, all of the follicles
collapsed on D1,however, in one of them it was not possible
to define a cavity in the corpus Iuteum (cl) on the remaining
days (Fig.5B); and in the other four cycles, cavities in the cls
were observed on D3 and D4 (Fig.5D). In seven cycles, the
follicles were found to be partially collapsed, and cavitary
structures were visualized on the remaining days. The ma-
ximum diameter of these structures was measured on D3
and remained constant until D5 (Fig.4B and 5E). Moderate
to large quantities of anechoic free fluid were observed in
the ovarian bursa in all cycles until D3 (Fig.5C).

On color Doppler, there was an increase in the intrao-
varian blood flow following ovulation (Fig.6). On spectral
Doppler, the ovarian and intraovarian arteries showed bi-
phasic waves on each day. The waves of the ovarian arteries
were similar to those of the uterine artery and were charac-
terized by a high systolic peak and a small diastolic peak.
In contrast, the waves of the intraovarian artery showed a
small systolic peak and a flat diastolic peak (Fig.7). The ar-
teries were similar bilaterally (P>0.05). The ovarian artery
showed an increase in the PI between D3 and D-2. The PI
was reduced between D1 and D2 and then increased be-
tween D2 and D3. The ovarian artery RI showed only small
changes on each of the evaluated days (Fig.2B). The Rl and
PI of the intraovarian artery were similar. They were redu-
ced from DO to D1, increased from D2 to D3 and reduced on
D4 (P<0.05) (Fig.2C).

On the day of ovulation, 96% of the cells were kerati-
nized in vaginal cytology. Furthermore, 6.53+0.80ng/mL
of progesterone and 39.25+6.26pg/mL of estrogen (Fig.8)
were observed in the serum. There was an increase in the
progesterone concentration and a decrease in the estrogen
concentration on the days analyzed (P<0.05).
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Fig.4. (A) Mean +SEM of the follicular cavities diameter (cm) and (B) the cystic cavities after ovulation, obtained by ultra-
sound during the periovulatory period in bitches (n=15). * Indicate the differences between the days (P<0.05).
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Fig.5. Longitudinal sections of the ovaries of different bitches during the periovulatory period as measu-
red by B-mode. (A) Kidney (K) and images of four follicles (arrows) in D-1; the follicles were observed
as round anechoic structures that were bounded by echogenic walls. (B) Ovary in D1, illustrating a
total collapse of the follicles. (C) Anechoic fluid contained in the ovarian bursa (A). (D) Ovary in DO,
with partially collapsed follicles characterized as anechoic structures that were round and had irre-
gular contours (pc). (E) Ovary in D3, showing the corpus luteum, an echogenic wall, a small anechoic
cavity (cl) and several cystic structures (cy). (F) Kidney (K) and ovary in D5, showing the no more
cavity corpus luteum and still cystic structures (cy).

Fig.6. Doppler of intraovarian vascularization on (A) D2 and (B) DO during the periovulatory period in
bitches (n=15).

\
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Fig.7. Spectral Doppler of the ovarian (A) and intraovarian arteries (B) in the periovulatory period in bi-
tches (n=15). (A) Biphasic waveform with an evident systolic peak (arrow) and a small diastolic peak
(*) (B) Small systolic peak and a flattened diastolic peak.
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Fig.8. Serum concentrations (mean +S.E.M.) of progesterone (ng/
mL) and estrogen (pg/mL) during the periovulatory period in
bitches (n=15). *" Indicate the differences between the days
(P<0.05).

DISCUSSION

Detailed knowledge about the reproductive physiology of
normal dogs is important to support and enhance the suc-
cess of canine reproduction biotechnology (Lévy & Fontbo-
ne 2007, Uchoa et al. 2012). Knowledge about the uterine
and ovarian ultrasonographic features as well their arterial
blood flow patterns in cyclical bitches is important. Combi-
ning Doppler and ultrasound may also allow the detection
of infertility that can be related to poor uterine and ovarian
perfusion, since the blood is responsible for delivering hor-
mones and nutrition support to the organs (Ziegler et al.
1999, Acosta & Miyamoto 2004).

With the use of high-resolution ultrasound and transdu-
cers, follicles ultrasound evaluation to monitor and detect
ovulation in the bitch has been increasingly successful. This
technique has yielded an accuracy of 91.7% to determine
ovulation and is particularly accurate in small and medium
breeds and nonobese animals (Lévy & Fontbone 2007).
The transducer used in the present work allowed the ul-
trasonographers to easily identify the evaluated structures.
We identified an optimal resolution to view ultrasound
images for this purpose. The evaluations were facilitated
by the fact that the animals in this study were of medium
size and were also docile and calm. The B-mode ultrasound
characteristics, measurements of ovary and follicle preovu-
latory cavity, the cytological and hormonal profiles were in
agreement with those reported in the literature (England
et al. 2003, Eker & Salmanoglu 2005). Thus, the bitches
used in the study were healthy and showed no hormonal or
structural pathologies.

The ultrasound images of the ovaries around ovulation
are more difficult to analyze in bitches than in other spe-
cies. Previous studies have shown that the ovarian follicles
just before and after ovulation appear very similar. Some
follicles do not collapse at the time of ovulation. Further-
more, non-ovulated follicles often remain after ovulation
(Wallace et al. 1992, Silva et al. 1996, Lévy & Fontbonne
2007). However, it is possible to identify anechoic fluid
in the ovarian bursa several days after ovulation (Eker &
Salmanoglu 2005). In the present paper, daily evaluations
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detected ovulation in 100% of the dogs. The findings are
similar to those described previously (Wallace et al. 1992,
Silva et al. 1996, Lévy & Fontbonne 2007).

Doppler ultrasonography can be applied to noninvasi-
vely evaluate the uterine and ovarian vasculature in vivo.
Studies applying this method in women have concluded
that the uterine hemodynamics show cyclical changes
throughout the menstrual cycle. The uterine arteries of
infertile women showed increased resistance during the
midluteal phase compared with those in fertile controls.
Pregnancy rates were reduced during cycles with elevated
uterine resistance (Ziegler et al. 1999). In the present stu-
dy, a decrease in uterine blood perfusion was observed two
days prior to ovulation. This parameter remained unchan-
ged until ovulation. One day after ovulation, uterine perfu-
sion gradually increased. This pattern was similar to those
described in women (Ziegler et al. 1999), cows (Bollwein et
al. 2000) mares (Bollwein et al. 1998, Bollwein et al. 2002)
and capuchin monkeys (Domingues et al. 2007).

These findings are justified because before ovulation,
blood flows from the uterine artery to the ovarian artery.
This flow increases perfusion to the ovarian and intraova-
rian arteries and, therefore, the ovarian follicles. During the
follicular phase, the endometrium undergoes vascular neo-
angiogenesis. This process forms new tributaries and leng-
thens the circulatory bed the uterine artery supplies. During
this process, blood flow through the uterine artery may be
reduced as a result of the blood vessel lengthening in the en-
dometrium. During the luteal phase, the arterioles increase
in diameter during the secretory phase, thereby increasing
the blood flow to the uterine artery (Ziegler et al. 1999).

The assessment of ovarian vascularization is also very
important. The percentage of pregnancies per cycle is signi-
ficantly higher for embryos originating from highly vascular
follicles compared to those from medium to poorly vascular
follicles (Borini et al. 2004). In the present study, we obser-
ved that ovarian artery perfusion increases during ovula-
tion. This change directs blood to the ovaries and increases
intraovarian artery perfusion on the day after ovulation.
These results are similar to those reported in previous
studies examining bitches (Bicudo et al. 2010, Koster et al.
2001, Bergeron et al. 2013), capuchin monkeys (Domingues
et al. 2007), mares (Bollwein et al. 2002) and women (Tan
et al. 1996, Koster et al. 2001). The increase in the ovarian
vessel diameter has also been identified by laparoscopy du-
ring the periovulatory period in bitches (Silva et al. 1996).

Occasionally, the uterine, ovarian and intraovarian arte-
ries showed an oscillating blood perfusion pattern during
that period, as reported by Bicudo et al. (2010). These pat-
terns may reflect the influence of various angiogenic fac-
tors that cause biochemical and vascular changes and are
responsible for CL formation (Acosta and Miyamoto 2004).

Doppler ultrasound has been widely used in female re-
production programs (Coulam et al. 1999). It has also been
applied to characterize the ovarian arteries in cattle under-
going superovulation programs. The results from that study
showed that the arteries are different compared to cattle on
anormal cycle (Honnens et al. 2008). It is important to first
characterize the features of these vessels in normal canine

Pesq. Vet. Bras. 33(9):1144-1150, setembro 2013



1150

species to serve as a basis for future studies. The purpose is
to provide information about the physiology of ovulation in
this species; contribute to reproductive biotechnology, and
provide an experimental model for wild canids.

CONCLUSION

Thus, we conclude that ovarian ultrasound and uterine and
ovarian artery Doppler measurements are specifically alte-
red during the periovulatory phase. When considered toge-
ther, the measurements could be used to more accurately
define the ovulation date, however these assessments must
be performed serially by an experienced professional.
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