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a b s t r a c t

This study aimed to evaluate the two-dimensional and Doppler ultrasonographic features of bitches'
uteri according to breed, cycle phase, parity and fertility during the follicular and early diestrus phases.
Thirty-nine pubertal bitches were divided into groups according to breed, parity, and fertility. Sono-
graphic assessments started from the first day of vaginal bleeding and were performed weekly for a
month. The diameter of the uterine body was measured longitudinally and the uterine characteristics
observed sonographically were evaluated. The resistivity index (RI) and pulsatility index (PI) of the
uterine artery were calculated and the spectral morphology analyzed subjectively. The uterine diameter
increased from proestrus to the diestrus regardless of the breed or parity. Multiparous bitches of both
breeds had higher uterine diameters than nulliparous bitches, except Fila Brasileiro bitches in estrus. In
diestrus and proestrus, the uterine diameters were significantly the largest for multiparous bitches,
followed by the primiparous bitches and smallest for nulliparous bitches. The uterine diameter was
larger in Fila Brasileiro females than in French Bulldogs during estrus and diestrus. The RI did not differ
during the different phases of the cycle for the same breed. However, the RI was higher in nulliparous
and primiparous Fila Brasileiro females compared to French Bulldog females. Within Fila Brasileiro,
multiparous bitches showed lower RI than nulliparous and primiparous bitches. Higher PI values were
found during proestrus. All multiparous French Bulldog bitches had greater PI than nulliparous bitches,
while multiparous Fila bitches had lower PI. Nulliparous and primiparous Fila bitches had larger PI larger
than bitches with the same reproductive status of the breed French Bulldog. Infertile bitches had higher
RI and PI than bitches considered fertile during the initial estrus and diestrus. Triphasic and types A, C,
and D spectral morphologies were found in females who did not gestate; while pregnant females showed
spectral morphologies of type B, C and D. Hence, it was concluded that the breed, the phase of estrus
cycle and pregnancy history should be considered when studies the uterine artery flow during estrus and
early diestrus using investigations such as Doppler assessment, which can be an important tool in
diagnosing fertility in dogs.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Ultrasound examination of the uteri of bitches is an investiga-
tion routinely solicited for clinical reproductive evaluation [1,2].
Such exams permit the evaluation of size, echogenicity character-
istics, contour of the uterinewalls, and presence of luminal content.
The size of the uterus varies depending on the animal's size,
number of previous pregnancies, disease or wellness conditions,

phase of the estrus cycle and pregnancy status [1,3]. However, few
studies have considered and addressed these factors and applied
them have considered to ultrasound images in dogs [4,5].

Doppler ultrasound has found application as a non-invasive
method in the assessment of uterine vasculature in different spe-
cies [5e8]. Studies suggest that uterine perfusion regulates endo-
metrial receptivity and influences successful implantation and
maintenance of early pregnancy. Thus, good uterine blood supply
preceding conception directly relates to fertility [9,10].

Flow in the uterine artery is evaluated quantitatively by
measuring the velocities, namely, peak systolic velocity (PSV), end
diastolic velocity (EDV) and mean velocity (MV); this is followed by
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derivation of the indices, namely, resistivity (RI) and pulsatility
index (PI). Qualitative evaluation is performed by assessing the
spectral morphology. While velocity evaluates the blood flow
behavior, these indices generate information on the impedance of
the vessel and thus characterizes the vascular supply of a given
organ [10]. Moreover, the study of flow by measuring the indices is
accurate and provides replicability, especially when the study tar-
gets are vessels with small diameters or highly convoluted vessels,
independent of the angle of sounding since they are based on the
ratio between the speeds [11,12]. Some authors have demonstrated
the relevance of spectral morphology evaluation to relate spectral
descriptive aspects to infertility in women [13]. Although this is a
subjective analysis for interpretation of flow, it permits evaluation
when there is a diastolic change. In such cases, quantitative analysis
does not provide precise flow information [9,12].

Many studies have focused on Doppler evaluation of uterine
arteries for a biological understanding of variations due to physi-
ological or pathological events in women [9,10,12e17]. In dogs,
studies have shown that there is a quantitative physiological vari-
ation in uterine flow during the estrus cycle [17,18], ovulation
[18,20], deposit of semen [21], pregnancy [22] and post-partum
[23], and in inflammatory processes [24]. Changes in the spectral
morphology of the canine uterine artery were described during
anestrus [19], and different wave patterns during the follicular and
early luteal phasewere found in dogs that did not become pregnant
[20].

Factors such as age influence changes in the flow of canine
uterine artery and may have an impact on fertility [20]. The phase
of the estrus cycle can also influence the Doppler parameters [19].
However, factors influencing the size of the uterus and the uterine
artery, such as the animal [25] and the pregnancy history [3,25],
factors that lead to reduced fertility such as a history of recurrent
failures of pregnancies [15e17], uterine pathology [27], gestational
changes [14,26e28], and ovarian pathology [29], have not been
investigated to determine the influence of the canine uterine artery
Doppler parameters on them. In this setting, this study aimed to
evaluate the two-dimensional and Doppler ultrasonographic fea-
tures of bitches' uteri according to breed, cycle phase, parity and
fertility during the follicular and early diestrus phases.

2. Material and methods

2.1. Experimental animals

The experimental protocol (protocol number 5999508/2015)
was approved by the Ethics Committee in Animal Experimentation
of the State University of Cear�a in accordance with the guidelines
for the care and use of laboratory animals established by the Bra-
zilian College of Animal Experimentation. Thirty-nine pubertal
bitches were evaluated, consisting of the French Bulldog (n ¼ 24)
and Fila Brasileiro (n ¼ 15) breeds. All included animals were
healthy, with a body score of approximately 3.0, weighing between
10 and 75 kg, ages ranging from 8months to 6 years, and belonging
to private kennels. The animals were fed granulated canine com-
mercial food and water ad libitum. Their reproductive history was
known and/or had normal standard clinical examinations (physical
inspection), laboratory (blood count) tests, and abdominal and
pelvic ultrasound evaluations. All animals tested negative for
brucellosis annually. The bitches were monitored using vaginal
cytology and clinically; they were inseminated either artificially or,
using known fertile males. The vaginal cytology was performed
once a week by a single observer, beginning on the first day of
bloody vaginal discharge until the identification of cytological
diestrus. The smears were stained by Diff-Quick. The phases of the
estrus cycle were defined based on the cytological characteristics

[25]. Intravaginal inseminations were performed after obtaining
the characteristic cytologic estrus on 3 alternate days using semen
from animals with proven fertility. For those that were naturally
mated, the male dog accompanied the bitch during the whole
estrus.

The animals were grouped according to categories: breed
(French Bulldog or Fila Brasileiro), parity (nulliparous, primiparous
or multiparous), and fertility history (fertile or infertile/sub-fertile).
Bitches that did not conceive for a year or more after mating, had
reproductive history of gestational failures, or had low prolificacy
or reproductive alterations during the experiment were considered
infertile or subfertile. A total of 21 French Bulldog bitches and 12
Fila Brasileiro bitches without clinical and historical anomalies of
previous reproductive changes were allocated according to the
order of parity into groups of 7 and 4 animals, respectively; for each
breed, the uterine diameter and Doppler indices were evaluated.
Six bitches (3 from each breed) were not included in this compar-
ison as they showed sonographic changes during the stages of the
evaluated cycle, endometritis and ovarian cyst, or a history of
gestational failures.

2.2. Technical examination

Sonographic examinations were performed in private kennels
located in themetropolitan area of Fortaleza, Cear�a, over 1 year. The
equipment used was MyLab 30 Vet Gold (Esaote, Genova, Italy)
with a multi-frequency micro-convex probe of 5e10 MHz (LA523
reference-Esaote, Genova, Italy). All ultrasound evaluations were
performed by the same operator. The evaluations were carried out,
preferably in the morning, with the animals fasted for at least 8 h.
The bitches were placed in dorsal recumbency, without sedation.
The abdominal and pelvic areas were shaved and a water soluble
acoustic gel was applied.

2.3. Two-dimensional ultrasound evaluation

The bitches were evaluated once a week for 4 weeks. Assess-
ments commenced on the first day of serosanguinous vaginal
discharge (day 0), which marked the beginning of proestrus. The
period of the estrus cycle was confirmed based on to the clinical
signs, behavior, and vaginal cytology. The animals were grouped
according to the phase of the cycle, breed and parity. The uterus
was assessed for the presence or absence of intraluminal fluid. The
longitudinal uterine diameter was measured (cm) at the body of
the uterus. Ovaries were evaluated for the presence of cysts.

2.4. Doppler ultrasound evaluation

After obtaining the two-dimensional images, Doppler was used
to characterize the hemodynamics of the uterine artery on both
sides of the uterine body.

For color and spectral Doppler, we set and kept constant for all
evaluations the insonation angle at 0�, color gain at 64% and the
lowest wall filter to characterize the signal amplitude. For flow
evaluation, we used a color map with the depth adequate for
maximizing the frame rate, pulse repetition frequency of 9e18 Hz
and sample size constant at 18 mm. The vessel was visualized
longitudinally and the sample was measured in this plane.

After identification of the arteries by color mapping, electronic
markers (sample volume or gates) were placed in the central region
of the vessel and the spectral Doppler was started. For analysis and
to minimize data variability, 3 similar and consecutive waves were
recorded. Blood flow was measured automatically by the ultra-
sound system using RI (PSV-EDV/PSV) [30] and PI (PSV-EDV/MV)
[31] and by assessing the spectral morphology.
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