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ABSTRACT 
 

Due to the fact that domestic bitches only ovulate once or twice a year and because of variation 

between and within dogs, a direct, non-invasive and fast technique that will give scientists and 

practitioners the ability to immediately determine the time of ovulation in a domestic canine model is 

desirable. At the school of Veterinary Medicine of Louisiana intraovarian blood flow was monitored 

in 10 bitches using color-coded Doppler ultrasonography to determine the time of ovulation. The 

bitches were induces with deslorelin (Ovuplant ®) and the estrus cycle was subsequently followed 

using color Doppler ultrasound, vaginal cytology and progesterone assays. A scoring system for 

subjective quantitation of vascular perfusion was used, using the extent of involvement from minimal 

to maximal (scores 1 to 4). During proestrus a gradual increase in color was seen. A marked 

enhancement of coloring was observed in the preovulatory period and maximal color pixel density was 

found two days after the day of the LH surge and during the early luteal phase. For days -1 to 2 post 

LH surge, a significant difference in the distribution of scores across days for the right ovary was 

found (p < 0.001). In the right ovary, a significant difference was found in the frequency of scores 

between days -1 and 0 (p < 0.01), days -1 and 2 (p < 0.05) and days 0 and 2 (p < 0.05), with higher 

scores on day 0 and day 2 than on day -1 and day 0. Color Doppler ultrasonography provides 

complementary information about cyclic changes within the ovary. A marked increase in blood flow 

around the LH surge could be associated with the time of ovulation. 

 

Keywords: ovulation, color Doppler, blood flow, progesterone, vaginal cytology 
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INTRODUCTION 

 

Estrous Cycle of the Bitch 

 

The domestic dog (Canis familiaris) is non-seasonally monoestrus. As a result of this, bitches 

spontaneously ovulate only once or twice per year and ovulation can occur at any time of the year. The 

reproductive, or estrous, cycle of the domestic dog includes four stages: proestrus, estrus, diestrus 

(also sometimes called metestrus) and anestrus. The reproductive cycle of the bitch is unique from 

other domestic animals in that it has a duration of 7 months. Proestrus last an average of 9 days, estrus 

9 days, diestrus 60 days and anestrous 120 days 
44

. 

 

The onset of proestrus is usually referred as the beginning of the estrous cycle. In proestrus, 

gonadotropin releasing hormone (GnRH) from the anterior pituitary stimulates secretion of FSH, 

which is responsible for follicle growth in the ovary. This follicular growth causes a rise in estrogen 

production, which makes the genital tract of the bitch ready for mating. Proestrus is diagnosed 

clinically by the onset of vulvar edema and/or a serosanguinous vulvar discharge. During this stage the 

male becomes attractive to the bitch, but the bitch will not stand for the male to mount 44. Proestrus 

last an average of 9 days, ranging from 0 to 27 days 2. 

 

During estrus the follicles increase in size until ovulation occurs. GnRH stimulates the LH surge 

which causes ovulation 44. Ovulation occurs approximately 1 to 3 days after the LH surge 27. This 

process is accompanied by a decrease in estrogen and an increase in progesterone due to the 

luteïnization of follicles. Estrus is recognizable by the onset of behavioral signs (the bitch will 'flag' 

her tail and will accept the male by standing). The vulvar edema decreases and the vulvar discharge 

becomes clearer 
44

. In this stage the female is ready to mate. The fertile window is from 3 days before 

to 5 days after ovulation. If only one breeding is possible or if artificial insemination is to be 

performed, the optimal time to breed the bitch is 2 to 5 days after ovulation. When chilled semen is 

used, the optimal time to breed is 2 to 5 days after ovulation. When frozen/thawed semen is used the 

optimal time to breed is 3 to 5 days after ovulation 
22

. Estrus averages 9 days in duration, but can be as 

short as 4 days or as long as 24 days 2. 

 

Estrus is followed by diestrus. This stage is characterized by progesterone dominance, which is 

produced by the corpus luteum.  Progesterone increases to peak concentrations at 3 to 4 weeks after 

diestrus onset and declines than back to basal concentrations. The female won’t accept the male any 

longer and the vulvar edema and discharge will almost disappear. Mammary development may be 

noticed. Diestrus has an average duration of 60 days 44. 

 

The cycle is ended by the last stage, anestrus. During this period both male and female are not 

interested in each other. The vulva is back to the normal size and all the hormones are back to basal 

concentrations. Anestrus is the stage that involves regression of the corpora lutea and endometrial 

repair 
44

. Anestrus can be very variable, from 90 to 150 days, but normally lasts about  

120 day’s 2.   

 

The interestrous interval (diestrus plus anestrus) 

is 4 to 13 months, with an average of 7 months. 

The importance of the interestrous interval is the 

time of recovery that the genital tract needs to 

establish a new pregnancy. Anderson and 

Simpson suggested an interval between fertile 

estrous periods of at least 135 days 
38

. (Fig 1) 

 

 
     

 

 

Fig 1    Schematic diagram representing 

hormonal and physiologic changes         
during of the canine ovarian cycle  44 
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Ovary of the bitch 
 

The ovaries of the bitch are paired oval organs, with the primary function to produce female gametes 

and hormones. They are located in the dorsal part of the abdominal cavity caudal to the kidneys. The 

ovary lies within the ovarian bursa, which is an outpocket of the peritoneal cavity 44. During anestrus 

and early proestrus the ovaries are small in size; about 15 x 10 x 6 mm in animals of beagle size 41. 

During the follicular and luteal phase the ovaries gradually increase in size, getting up to 25 x 14 x 11 

mm. Some individual variation exists between bitches of different body size 7,35. 

 

The ovary is composed of 4 layers.  An outer connective tissue surface, the tunica albuginea, a layer of 

cuboïdal cells called the germinal epithelium, a zone referred as the ovarian cortex and the central part 

which is called the ovarian medulla. The ovarian cortex houses the population of oöcytes and the 

corpora lutea. The medulla houses the vasculature, nerves and the lymphatic’s 
46

. 

 

In the ovarian cortex the folliculogenesis takes place.  This follicular development consists out of four 

stages. The first stage is a primordial follicle, which develops into a primary follicle. A primary 

follicle either develops into a more advanced secondary follicle or degenerates. A secondary follicle 

develops into an antral follicle, also called a tertiary follicle, which can be recognized by the 

appearance of a fluid-filled cavity called the antrum. When in the last stage the tertiary follicle 

becomes a dominant preovulatory follicle, it’s called a Graafian follicle. This follicle is ready to 

ovulate. Because the dog belongs to the polytocous species (litter bearers), there are multiple dominant 

follicles present at the time of ovulation 
46

. 

 

Antral follicles consist of three distinct layers: the theca externa, the theca interna and the granulosa 

cell layer. The theca externa is composed of connective tissue which supports the follicle. Cells of the 

underlying theca interna are responsible for the production of androgens. Beneath the theca interna is 

the granulosal cell layer (also called the membrana granulosa), responsible for the production of 

hormones such as estrogen, inhibin and follicular fluid 
46

. 

 

When ovulation occurs, a loss of fluid from the antrum causes the follicle to collapse. In addition, 

small vessels within the follicle rupture causing local hemorrhage.  This formation of the corpus 

hemorrhagicum is followed by the formation of the corpus luteum. 

After ovulation the corpus luteum get highly vascularized.  This vascularization is essential for the 

delivery of luteal steroids to the general circulation as well as for the provision of substrate that is used 

by the luteal cells in the synthesis of progesterone 
46

 (Fig 2). 

 

The blood supply of the ovaries is provides by the ovarian and uterine arteries. The ovarian artery is 

the larger of the two and is the origin of a very rich vascular net in the ovarian stroma. Caudally the 

ovarian artery anastomoses with the uterine artery. Both arteries originate from the aorta 44. 

 

 

 

 

 

 

 

 

 

 

         

 

Pictures from Tarleton State University website (http://www.tarleton.edu/~anatomy/ovary.html) 

Fig 2   The major structures   

           of the ovary 
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Estrus induction  
 

There are many indications for estrus induction in the bitch. Estrus induction is clinically useful in 

conjunction with routine breeding management when breeding opportunities are either missed or 

following conception failure or if a particular mating must be timed around the availability of the stud 

dog. It may also be used as a treatment for primary or secondary anestrus. In addition, reliable 

synchronous estrus induction is a necessity for canine embryo transfer programs. Estrous induction in 

the bitch is often used to induce multiple estrous cycles a year to receive more embryos without 

having to wait for a new natural cycle to occur. 

 

Estrus can be induced in anestrous bitches by the administration of a variety of hormones, including 

synthetic estrogens, dopamine agonists, gonadotropins, opiate antagonists and GnRH analogs 20. 

 

GnRH is an endogenous decapeptide neurohormone with an obligatory role in reproduction. The 

GnRH is synthesized and released from neurons within the hypothalamus and stimulates synthesis and 

release of the gonadotrophins luteinizing hormone (LH) and follicle stimulation hormone (FSH) from 

the anterior pituitary 
15. 

GnRH analogs can be delivered by various routes: orally, with subcutaneous implants, osmotic or 

electric minipumps or frequent injections. The GnRH analog implant deslorelin has been used for the 

induction of synchronous, fertile estrus in anestrous bitches 17,18,19. 

 

Deslorelin is a nonpeptide analogue of the natural GnRH. Compared to the natural GnRH, deslorelin 

has chemical modifications in the amino acid composition at position 6 and 9/10 (6-D-tryptophan-9-

(N-ethyl-L-prolinamide)-10-deglycinamide) 
3
. 

Application of deslorelin in veterinary science was first introduced on the market for the use in horses, 

where it induces ovulation in 48 hours 23. Veterinary clinical applications of deslorelin in canids were 

first introduced by Trigg et al. 
32

. Like GnRH, deslorelin controls the release of LH and FSH. When 

administered as a single dose, deslorelin stimulates the release of these gonadotrophins; inducing 

estrus. Deslorelin can be used to induce estrus in anestrous bitches 17,18,19  as well as in diestrous 

bitches that were treated with prostaglandin to induce luteolysis prior to the induction of estrus 
34

. In 

contrast, research has shown that multiple doses or continuous low level dosing causes suppression of 

the pituitary-gonadal axis, lowering the concentration of LH and FSH; causing a long-term 

suppression of heat 
32,33

.  

 

Ovuplant ® (Fort Dodge Animal Health, Fort Dodge, Iowa, USA) is a biodegradable, sustained release, 

subdermal implant containing 2,1 mg of deslorelin. The implant is white, cylindrical and 

approximately 2.3 mm in diameter and 3.6 mm in length. The implant is inserted under the mucosa of 

the vulva and is able to induce estrus when plasma concentrations of progesterone is < 5 ng/mL 32. 

Signs of pro-estrus and estrus can be detected 3-5 days after implant placement 
34

. 

Ovuplant has not yet been licensed for the use in dogs and is still in the experimental phase, but 

previous studies in dogs demonstrate its reliability for inducing a rapid and synchronous estrus 17,18,19. 

Unfortunately premature luteal failure can occur, resulting in a shortened diestrus with subsequent 

pregnancy loss  
6,17,18

. 
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Vaginal cytology 
 

Examination of exfoliated vaginal cells to determine the stage of the estrous cycle of the bitch is one 

of the most common uses of cytology in veterinary practice. It can be successfully used to optimize 

breeding and for evaluation of vaginal inflammation and neoplasia of the female reproductive tract.  

The technique is easy to perform. A with saline moistened cotton swab is used to obtain cells from the 

cranial vagina of the bitch. The swab is than firmly rolled over a slide which is stained using Diff-

Quick stain. Using a microscopy the trend of cellularity and cell types can be judged. The stage of the 

estrous cycle can be determined by looking at the percentage of cornification 47. 

 

During the estrous cycle of the bitch, the body is exposed to different hormones.  

One of the most prominent is estrogen, which rises during proestrus and drops during estrus. The 

estrogen rise induces the vaginal epithelium to become hyperplasic and more cornified to prepare the 

body for mating. It also induces an increase in blood flow and swelling of the vaginal tract, increased 

mucosal secretion and diapedesis which causes a bloody vaginal discharge 46. 

 

There are different types of vaginal epithelial cells that can be identified. The first group of cells are 

the parabasal cells, which are the smallest vaginal epithelial cells seen in cytologic preparations. 

Parabasal cells have a large round stippled nucleus that is surrounded by round basophilic cytoplasm. 

They are uniform in size and shape (Fig 3a). 

The second group of cells are the intermediate cells. They vary in size but are usually two times the 

size of parabasal cells. The nucleus is smaller than those of the parabasal cells and they have large 

amounts of keratinized cytoplasm. Their borders are round to irregular and folded (Fig 3b). 

The last group of cells are the superficial cells, which are the biggest vaginal epithelial cells. They can 

be recognized by their small, round, pyknotic nuclei. Their cytoplasm is abundant and keratinized and 

cell margins are angular with folded edges (Fig 3c). Sometimes these cells lack a nucleus and are than 

called anuclear cells (Fig 3d). 

 

 
Fig 3   Different types of vaginal epithelial cells: parabasal cell (a), intermediate cell (b), superficial cell (c), anuclear cell (d) 

 

 

 

 

 
 

 

 
 

(a)                              (b)     (c)             (d) 

 
Pictures from Louisiana state University website (http://www.vetmed.lsu.edu/eiltslotus/theriogenology-5361/vaginal_cytology.htm) 

 

 

By looking at the vaginal cytology the stage of the estrous cycle can be determined.  

Early proestrus can be recognized by neutrophils and a mixture of parabasal, intermediate, and 

superficial epithelial cells. The background of the slide contains an abundance of mucus and red blood 

cells and a variable number of extracellular bacteria, representing the normal flora. In late proestrus 

the neutrophils decrease in number and intermediate and superficial cells begin to predominate (Fig 4a). 

During estrus, many cells can be seen on the slide because of the hyperplasia of the vaginal 

epithelium. The cytologic characteristic of estrus is the presence of 90% or greater cornified cells. 

There is less abundance of mucus and red blood cells and a clear background can be noted. 

Neutrophils are absent and bacteria are usually still present (Fig 4b). 

Cell populations change abruptly at the onset of diestrus, at least 20% of superficial cells show a 

dramatic decrease while the number of intermediate cell show an increase. Neutrophils often reappear 

and red blood cells can sometimes also be found. The cytologic appearance of early proestrus and 

diestrus can be very similar, so one vaginal smear is not adequate for differentiation of these two 

stages (Fig 4c). 
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During anestrus parabasal and intermediate cells predominate. Superficial cells are absent. Neutrophils 

and bacteria are either absent or present in low numbers (Fig 4d). 

Because the cytologic appearance of (late) diestrus is very similar to anestrus, no cytologic 

differentiation can be made between these two stages. Vaginal cytology is most useful during 

proestrus, estrus and the start of diestrus 47 (fig 5). 

 

 
Fig 4   Vaginal Cytology showing proestrus (a), estrus (b), diestrus (c) and anestrus (d) 

 

 (a)   (b) 

 

 (c)   (d) 
 

Pictures from Colorado state University website (http://www.vivo.colostate.edu/hbooks/pathphys/reprod/vc/cycle.html) 
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Progesterone 
 

Measuring the concentration of serum progesterone in blood samples obtained during the late 

proestrus and estrus, allows prediction of the stage of the reproductive cycle and the optimal breeding 

time for the bitch. By measuring progesterone, the LH surge and the day of ovulation can be 

estimated, and the optimal time of mating can be determined 4.  

 

During anestrous and early proestrus the serum progesterone concentration is low, with a basal 

concentration of < 1,0 to 2 ng/ml 4,5,28. Concentrations of serum progesterone begins to increase in late 

proestrus, 2 to 3 days before ovulation. This increase is related to the preovulatory luteïnization of the 

follicles, which is essential for ovulation 4,28. At the time of the LH surge, progesterone serum 

concentration is about 2,0 ng/ml. When ovulation occurs, serum levels range from 4 to 10 ng/ml 4. 

Progesterone continues to rise throughout estrus with a peak value of about 15 to 90 ng/ml, 15 to 30 

days after LH peak 4,5,28. After this peak, serum concentrations of progesterone begin a gradual decline 

that continues for 5 to 6 weeks until it reaches is basal level again 5. The progesterone profile is similar 

in pregnant, nonmated and hysterectomized bitches during diestrus 
14,44

 (fig 5). 

 
 Fig  5    Timing of physiologic events with progesterone measurements and vaginal cytology (8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Serum progesterone concentration can be measured by radioimmunoassay (RIA), chemiluminescence 

or by enzyme-linked immunoabsorbent assays (ELISA). 

The Automatic Immunoassay System (AIA-360, TOSOH Bioscience Inc, San Fransisco, CA) used in 

this experiment uses the assay principal of fluorometric enzyme immunoassay (FEIA). By using a 

competitive binding assay, were the antigen in the unknown sample competes with labeled antigen to 

bind with antibodies , the progesterone concentration in the serum can be measured. The amount of 

labeled antigen bound to the antibody site is measured and shows a response that is inversely 

proportional to the concentration of progesterone. The greater the response, the less antigen was 

available to compete with the labeled antigen 
48

 (fig 6).  This system is validated.  

 

Fig 6     AIA System Assay Principles, showing a sandwich ELISA (top) and a competitive ELISA (bottom) 48
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Ultrasonography 
 

Ultrasonography 

Ultrasonography was first applied to clinical medicine in the beginning of 1960s and was rapidly 

adopted in all areas of medicine, including gynaecology. In the late 1980s ultrasonography was 

applied to the ovary and uterus of domestic animals, and it was established in the 1990s as a more 

practical tool for animal reproduction 
35

. 

 

Ultrasonography is based on the pulse-echo principle. A pulse of high-frequency sound (ultrasound) is 

transmitted into the body. This pulse travels through the body until it reaches a reflecting surface, at 

which point a portion of the ultrasound pulse (the echo) is reflected back toward the source of the 

pulse. The time it takes to be reflected, allows determination of the reflecting surface’s position. If an 

adequate number of points can be transmitted and received, a composite image of the reflecting 

surfaces can be displayed. The amount of ultrasound pulse that is reflected determines the brightness 

of the image 40. Tissues have different abilities to either propagate or reflect sound waves.  The 

reflecting portion is represented on the ultrasound image by shades of gray, extending from black to 

white. Liquids do not reflect sound waves and are said to be nonechogenic or anechoic, therefore 

making the structure appear black on the screen. Dense tissues, like bone, reflect much of the sound 

beam and appear white (echogenic or hyperechoic) on the screen. Other tissues are seen in various 

shades of gray depending on their echogenicity 42. 

 

Transducer 

The sound waves are transmitted from a transducer (probe). An electric current is applied to special 

crystals in the transducer, producing vibrations characteristic of the crystals. This piezo-electric effect 

enables the transducer to send and receive sound waves. The sound waves transmitted by the 

transducer have a frequency higher than the upper range of human hearing, approximately 20 kHz. 

The transducer emits the sound waves in an estimated frequency (defined as the number of times a 

wave is repeated per second). Frequencies in the range of 4 to 12 MHz are commonly employed in 

diagnostic examinations in small animals. The higher the frequency, the finer the resolution, the lower 

the penetration of the sound beam into the tissue.  

 

There are different kinds of transducers that can be used, such as linear, sector or convex array 

transducers. In a linear array transducer the crystals are arranged in a line, giving a rectangular field of 

view. This allows a large field of view, but requires a large contact area with the body surface. This 

transducer is used to image superficial structures, such as the ovaries. A sector array transducer gives 

a fan-shaped view. This transducer is small and easy to use, requires only a small skin contact, but has 

a smaller field of view. These sector transducers are extremely useful for projecting beams trough 

narrow openings, such as the space between the ribs. In a convex array or curved array transducer the 

scanning surface is convex, which gives a mildly diverging field of view. This transducer has been 

introduced to produce a sector-like field with resolution similar to that of the linear array. These 

transducers are commonly used for trans-abdominal imaging in small animals (deep structures) 
42

.  

 

Mode 

Different kinds of modes are available for study of soft tissues. A-mode (amplitude mode) was the first 

mode available for diagnostic imaging. This mode produces a one-dimensional display of amplitudes 

for various depths, depicted as a line graph; the axes are amplitude and depth. The most commonly 

used mode is the real-time B-mode (brightness mode), which provides a two-dimensional image 

display of dots. The brightness of the dots is proportional to the amplitude of the echoes. The real-time 

imaging refers to the moving display in which the echoes are recorded continuously. The M-mode 

(motion mode) is a mode adapted to the B-mode, which makes it possible to image moving structures 

such as the heart. The changes of depth at various times are displayed as a simple line. 
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Most scanners have videotaping capabilities so that the moving images can be preserved and be played 

back. The image can also be ‘frozen’ to facilitate study, measurements or reproduction 40,42. 

 

Doppler ultrasonography 

Ultrasonography can be enhanced with Doppler measurements, which employ the Doppler effect to 

assess whether structures (usually blood) are moving towards or away from the probe, and its relative 

velocity. The Doppler effect results from an apparent shift in sound frequency as sound waves are 

reflected from moving targets. When the reflecting interface is moving with the respect to the 

transducer, there is a change in the wavelength and a corresponding change in the frequency of the 

reflected sound.  If motion is towards the transducer, the frequency of the returning echoes is higher 

than that of the transmitted sound. If motion is away from the transducer, the echoes have a lower 

frequency than the transmitted sound. The difference between the transmitted and the received 

frequencies is called the Doppler shift. This Doppler shift is related to the velocity of the moving 

erythrocytes and is used to determine blood flow velocity. The greater the Doppler shift, the greater 

the velocity. That way Doppler ultrasound can be used to identify structures by the presence or 

absence of flow, ascertain the direction of flow and to document flow disturbances associated with 

disease 39,45. 

 

There are different kinds of Doppler application that can be used, including continuous wave Doppler, 

pulsed wave Doppler, duplex Doppler and color flow and power flow Doppler. Continuous wave 

Doppler involves continuous generation of ultrasound waves coupled with continuous ultrasound 

reception. A two crystal transducer accomplishes this dual function with one crystal devoted to each 

function. The main advantage of CW Doppler is its ability to measure high blood velocities accurately. 

The main disadvantage of CW Doppler is its lack of selectivity or depth discrimination. Pulsed wave 

(PW) Doppler systems use a transducer that alternates transmission and reception of ultrasound in a 

way similar to the M-mode transducer. One main advantage of pulsed Doppler is its ability to provide 

Doppler shift data selectively from a small segment along the ultrasound beam, referred to as the 

"sample volume". The main disadvantage of PW Doppler is its inability to accurately measure high 

blood flow velocities, such as may be encountered in certain types of valvular and congenital heart 

disease. This limitation is technically known as "aliasing" and results in an inability of pulsed Doppler 

to faithfully record velocities above 1.5 to 2 m/sec. Duplex Doppler is a combination of pulsed 

Doppler and real-time imaging 
39,45

. 

 

In color flow Doppler imaging, blood flow is displayed in color on a two-dimensional B-mode image 

of the tissue structure or organ, with the color and intensity depicting the direction and magnitude of 

the velocity. Color-flow imaging is a technology that estimates Doppler-shift frequencies to determine 

reflector (red cell) velocities. Velocities are encoded and displayed as colored regions superimposed 

on the B-mode image. The color (red versus orange, dark blue versus light blue) at each pixel indicates 

the relative velocity for that site. Blood flow towards the probe using one color and blood flow away 

from the probe using the other color, enabling determination of the direction of the blood flow. 

Power flow Doppler imaging is a variant of the color flow Doppler, displaying blood flow on the B-

mode image in graduated range for a single color (dark red to yellow) regardless of direction of flow. 

The intensities of the color vary according to power of the Doppler signal. The power refers to the 

number of reflectors (red cells) moving at a given velocity 
43

 (fig 7). 

 43

Fig 7.  Ultrasound image of  a kidney 

showing the difference in B-mode, 

color-coded Doppler and Power-coded 

Doppler 43 
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Fig 9    Ultrasound image in B-mode which shows an ovary  

             with follicles 

 

Ultrasonographic appearance of the ovary 

For the past ten years, imaging of the canine genital tract has been more and more widely used in the 

field of reproduction of companion animals in different indications. The use of ultrasonography as a 

non-invasive method to image the ovaries has attainted considerable importance in several species, but 

comparable information for the dog is relatively sparse. 

 

The normal anatomical position of the ovaries in 

the body of the dog is to the caudal pole or just   

       caudolateral to the ipsilateral kidney (Fig 8). If the  

        animal is standing, the ovaries tend to drop a   

        little bit more ventrally. In a sexually mature dog,  

        the left ovary is located approximately 12 cm  

        caudal to the middle of the 13
th
 rib and 1 to 3 cm     

        caudal to the corresponding kidney. The right  

        ovary is located approximately 10 cm caudal to  

        the last rib of the right side.  The ovaries are  

        partially obscured by surrounding fat, varying in  

        amount depending on age and size. The amount  

        of adipose tissue can be abundant is some older  

       and obese dogs 44. 

 

On an ultrasound image the ovaries are smooth in 

outline and oval in shape, moderately hypoechoic and 

of even echotexture.  They are partially obscured by 

surrounding fat and their follicular architecture make 

their identification possible. The follicles follicles 

appear as multiple, small anechoic structures within 

the ovarian stroma, surrounded by a thin echoic wall 
13

 

(Fig 9). The ovaries can be difficult to identify. 

Structures in the region that could be confused with 

ovarian tissue, include bowel loops, kidney, urether 

and blood vessels 8. In addition, the ovaries are very 

small, they can be located closely to the kidney, the 

echotexture can look similar to the surrounding area 

and there can be interference from bowel loops 9. In 

anestrus, when the follicles are absent, they can be 

hard to find.  

 

Although observation of follicular development can be easily done by ultrasound, determining 

ovulation is difficult. Unlike cows and horses, where a collapses of the follicular wall can be seen 
49

, 

the corpus luteum is hard to recognize in the ovary of the bitch.  

Previous studies have shown that the ovarian follicles just before and just after ovulation look very 

similar 
10,11

, some follicles don’t collapse at the time of ovulation 
13,36

 and non-ovulated follicles often 

remain after ovulation 35.  

A recent study of Levy 21 the time of ovulation was recognized in 37.5% of the cases (18/48 bitches) 

by a complete disappearance of the follicular cavities (follicular collapse). In 50% of the cases (28/48 

bitches) some intra-ovarian hypoechoic structures persist, which show a very different aspect than the 

pre-ovulatory follicles, being smaller and irregular (not circular) in shape. In 45.9% of the cases (22/48 

bitches) non-ovulated follicles, round and anechoic, remained in the ovary up to 3 days after ovulation. 

In his research it was shown that, even though it is difficult to tell when a follicle ovulates, due to the 

fact that new ultrasound machines with high performances are readily available in veterinary clinics, 

ovulation could be detected in 91,7 % (44/48). 

Fig 8    Ultrasound image in B-mode which shows the location of  

             the ovary caudal to the kidney 
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AIM OF THE STUDY 

 

Domestic bitches are non-seasonally monoestrus animals, which results in a unique reproductive 

physiology. Because ovulations are only once or twice a year and there is variation between and 

within dog breeds, it is hard to make a reliable canine model that allows scientists to determine the 

exact time of ovulation. A non-invasive and convenient method for imaging follicle growth and 

ovulation is desirable in both clinical and research settings.  

 

To monitor the reproductive stage of the bitch, many methods have been developed. The reproductive 

stage usually is monitored by assessing the characteristic changes of the vaginal mucosa, using 

vaginoscopy and cytology or analysis of specific endocrine parameters such as estradiol, luteinizing 

hormone (LH) and progesterone in peripheral blood. Unfortunately, endocrine analysis requires 

venipuncture, has a delay in obtaining results and is does not precisely pinpoint ovulation. Besides 

that, LH assays are time-consuming (have to be done every day) and expensive. Estimating the day of 

the LH surge using progesterone assays may lead to some errors. Vaginal cytology, while minimally 

invasive, does not pinpoint ovulation. Because the variability in duration of proestrus and in physical 

changes of the bitch and the response to the male, it is often difficult to predict when ovulation 

actually occurs. Techniques that are more accurate and faster than would be ideal.  

 

For the past ten years, imaging of the genital tract has been more and more widely used in the field of 

reproduction of companion animals in different indications. In the past, many authors concluded that 

in the bitch the ultrasound images of the ovaries around ovulation were very difficult to analyze. This 

lead some people think that, in the bitch, the accuracy of detection of ovulation was difficult to obtain 

using ultrasound. However, due to the readily availability of new ultrasound machines with high 

performances in veterinary clinics, improvements have been made in this field.  

 

Color-coded Doppler ultrasonography can be used to visualize and estimate intra-ovarian 

vascularization. In this way changes in intraovarian blood flow can be monitored and the functional 

stages of the female gonads can be reflected. This technical improvement permits a direct, non-

invasive and immediate estimation of the ovarian cycle of the bitch. It may be useful to reconsider the 

interests of the follow-up of estrus using color-coded Doppler ultrasonography. 

 

The overall objective of this research was to create a direct, non-invasive and fast technique that will 

allow scientists and practice to be able to immediately determine the time of ovulation in a domestic 

canine model. The color-coded Doppler ultrasonography was compared to the gold standard: vaginal 

cytology and progesterone analysis to determine the time of ovulation. 

 

Hypothesis:  Ovarian blood flow can be determined by color-coded Doppler  

Ultrasonography and can be reliably used to predict the time of ovulation. 
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MATERIAL AND METHODS 

 

Animals 

Examinations were carried out on ten healthy cross-bred hound dogs of unknown age and fertility 

(sexually mature). The dogs maintained in the Division of Laboratory Animal Medicine at Louisiana 

State University and were separately housed in adjacent runs. They were fed commercial dog foods 

twice daily and water was available ad libitum. This research is done under approval of LSU 

Institutional Animal Care and Use Committee Resources (IACUC).. 

 

Experimental design  

Vaginal smears were taken from ten bitches every other day throughout the study starting as soon as 

the dogs showed signs of proestrus until the onset of cytologic diestrus. As soon as the vaginal 

cytology showed at least 90% cornification, blood samples were taken every other day until it had 

rosen above 10 ng/mL. Ultrasound examinations were preformed once daily beginning from vaginal 

cytology of at least 75% cornification until the beginning of cytological diestrus and once more 

approximately 10 days later. In a different study the dogs were treated with PGF2α (Lutalyse
®
, 5 

mg/mL, Pfizer Inc, Pharmacia & Upjohn Company, NY) and were subsequently used again for 

induction. A follow-up of the cycle of one dog took about 28 days. The total study had a duration of 

76 days. In this experimental setup no control group was used. 

 

Estrus Induction 

Estrus was induced using the GnRH analog, deslorelin (Ovuplant
®
). A subcutaneous controlled-release 

implant, containing 2.1 mg deslorelin, was inserted underneath the vulvar submucosa using a single-

use, purpose-designed implanter. A local analgesia was given previous by injection of 2% lidocaïne 

into the submucosa of the floor of the vestibulum. Before the implant was placed, progesterone was 

measured to make sure the dogs had a low (< 2,0mg/ml) plasma progesterone concentration. The 

implants were left in place. 

 

Vaginal cytology 

Vaginal swabs were taken every other day as soon as the bitches showed signs of proestrus (swollen 

vulva and/or bloody discharge) until day 1 of cytologic diestrus. Cotton swabs were wetted with 1 to 2 

drops sterile saline and were inserted in the vagina. Sampling was performed from the craniodorsal 

part of the vaginal lumen. The cells on the cotton swab were transferred on to a slide and were stained 

with Diff Quick stain. Percentage of cornification was determined by microscopic examination.  

Day one of diestrus was identified as the first day when vaginal smears contained < 50% cornified 

cells. 

 

Progesterone assay 

Bitches blood samples were collected once every other day as soon as vaginal cytology smears were at 

least 90 % cornified, until ovulation took place. A couple days later another sample was taken to 

determine if the progesterone was still rising, until the serum progesterone concentration had passed 

10 ng/mL. Four mL blood samples were collected by cephalic venipuncture and were clotted.  To slow 

down the progesterone absorption the blood sample was put in the refrigerator for 10 min before 

spinning it down. Serum was obtained after centrifugation (Eppendorf centrifuge 5804, 4500 rpm/rcf, 

10 min) and stored frozen (-20 °C) until assayed. Plasma concentrations of progesterone were 

determined by fluorometric enzyme immunoassay (FEIA) by an Automatic Immunoassay System 

(AIA-360, TOSOH Bioscience Inc, San Fransisco, CA). Assayable progesterone levels ranged from 

0.1 to 45 ng/mL serum. As described in a different study done by Volkmann et al (2006) a bitch was 

considered not to have ovulated if the serum progesterone concentration failed to rise beyond 5 ng/mL 

during the diestrus that followed the induced estrus. The day of the ovulatory LH surge was assumed 

to have occurred on the day preceding the day on which progesterone first exceeded 2,0 ng/mL 4. This 

day was considered day one. The day of ovulation was subsequently determined to occur 2 days after 

the LH surge as described by Phemister, et al 
28

. 
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Ultrasound 

Ultrasound examinations were preformed once daily beginning from vaginal cytology of at least 75% 

cornification, until the beginning of cytological diestrus and once again approximately 10 days later. 

In order to create an optimal view of the abdomen and ovaries, the intestinal canal should be as empty 

as possible, so the ultrasonographic examination of the dogs were attempted before daily feeding. 

Transabdominal sonography of the ovaries was performed from the right and left clipped flank while 

the dog was in standing position. Commercial ultrasound gel and alcohol was used to optimize the 

ultrasonographic imaging. All ultrasonographic examinations were done by the same operator, using a 

Mylab50 ultrasound machine (My Lab50, Esaote, Universal Ultrasound, Bedford Hills, NY, USA), 

equipped with a 7,5 MHz linear transducer for B-mode as well as for color-coded Doppler 

measurements. 

B-mode imaging was used to locate the ovaries and examine for the presence of functional structures. 

Intraovarian vascularization was visualized using color-coded Doppler ultrasonography (Duplex-

mode). For B-mode, the gain and depth controls of the scanner were adjusted to the animal to get the 

best image. In color Doppler mode a constant color gain setting was used. 

 

After the ovaries were visualized the location- and the amount of blood flow within the ovary was 

determined. The location of blood flow within the ovary was divided into categories: centre (base or 

centre of the ovary), wall (of the follicle) and/or in the area of the follicle or corpus luteum. A scoring 

system for subjective quantitation of vascular perfusion was used, using the extent of involvement 

from minimal to maximal (scores 1 to 4). Group 1: 0 to 10% (none to almost none), group 2: 11%  to 

20% (low), group 3: 20 to 40% (medium) and group 4: 40% and more (high) (Fig  9)  

 

 
Fig  10 Ovary color-Doppler flow ultrasonograpic image showing the  extent of involvement from minimal to  maximal (scores 1 to 4). 

Group 1: 0 to 10% (a), group 2: 11%  to 20% (b), group 3: 20 to 40% (c) and group 4: 40% and more (d) 

 

(a) (b) 

 

 
 

 

 

 

 

 

 

 

 
 

 

 
 

       (c)                                (d)  
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Statistical methods 

 

The relationship between the days post LH surge and the ultrasonographic color score was explored 

using Spearman’s rank correlation. A rho less than 0.5 was considered poor to none, greater than 0.65 

was considered moderate correlation; greater than 0.8 considered good correlation. The relationship 

was explored for each dog since the repeated measurements were collinear. The average rho across all 

dogs is reported.  

 

The overall significance of the relationship was explored using Cochran-Mantel-Haensel methods, 

stratifying over dogs. Significance was considered at p < 0.05. The homogeneity of scores across days 

-1 to day 2 was further analyzed using a Chi square analysis with significance considered at p < 0.05. 

Where there was significance, pairwise comparisons between days was performed using Fisher’s exact 

test with significance determined at p < 0.02 to reduce type I error. 

 

PROC MEANS, PROC FREQ, and PROC CORR were sued for the analysis. (SAS version 9.1, SAS, 

Cary, NC) was used for the analysis.  
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RESULTS 

 

From the 10 bitches 3 bitches were taken out of the study, because of abnormal circumstances. One of 

those bitches didn’t respond to the ovuplant, one had a prolonged estrus and one had a abnormal short 

estrous cycle. After removal of these bitches, 7 bitches were available for statistical analysis. 

 

Estrus induction and vaginal cytology 

The results are summarized in Table 1. Nine out of the ten bitches responded by coming into clinical 

pro-estrus after implant administration. The interval between implant insertion and the LH surge 

varied between 10 to 13 days. The vaginal smears had a similar appearance among all bitches, and 

showed the trend of cellularity and cell types previously described. There was individual variation in 

the time that 100 % cornification on vaginal cytology was achieved, with a mean of 8.7 days (range 7 

to 11 days) post implant administration. The interval between the LH surge and the onset of cytologic 

diestrus varied between 5 to 8 days.  

 
Table 1.   Days between deslorelin administration and 100 % cornification on vaginal cytology  and the LH surge, and days between the LH  

surge and the onset of cytological diestrus. 

 

Animal ID Days to 100 %  cornification 

(post ovuplant) 

Days to LH surge *  

(post ovuplant) 

Days to day 1 of cytologic 

diestrus (post LH surge) 

B1 7 10 7 

B2 8 10 8 

B3 11 11 8 

B4 10 13 8 

B5 10 12 5 

B6 7 11 7 

B7 8 11 5 

Mean ± SD 8.7 ± 1.6 11.1 ± 1.1 6.9 ± 1.3 

*   The day of the ovulatory LH surge was assumed to have occurred on the day preceding the day on which progesterone first  
      exceeded 2,0 ng/ml 

 

Progesterone measurements 

The bitches used for statistical analysis (n=7) all had an increase of progesterone.  The mean 

progesterone concentration at the day of deslorelin administration was 0,7 ng/mL (range 0.3 to 1.5 

ng/mL) and continued to increase after ovulation and during luteal development, with a mean 

progesterone concentration of 23.3 ng/mL (range 18.7 to 26.9 ng/mL) at 20 days post deslorelin 

administration. (Fig 11) Individual variation was seen. 

One bitch exhibited signs of estrus but the concentration of progesterone remained less than 2.7 ng/mL 

during the period of proestrus and estrus. This bitch was assumed not to have ovulated and was not 

used in the statistical analysis.  

 
  Fig 11    Mean serum progesterone concentration after deslorelin administration 
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Ultrasound images 

The ovaries could be found in the area adjacent to the kidney by finding the caudal pole, then scanning 

in a sagital plane caudomedial to caudolateral of the pole. From a total of 84 ultrasonographic 

examinations, the left ovary was imaged 84.5 % of the cases and the right in 83.3 % of the cases. The 

follicles appeared as multiple, anechoic structures within the ovarian stroma (Fig  12).  

 
Fig 12     Left Ovary of a bitch at 9 and 18 days after deslorelin administration 

 

        

 

 

 

 

 

 

 

 

 

        
                   (a) (b)  

 

 

Blood flow 

Blood flow was visualized 7 to 11 days after deslorelin administration at day 0. In the first few days 

color-coded blood flow was barely detectable in most ovaries. As the follicular phase progressed, the 

number, extent and intensity of intra-ovarian color pixels increased gradually (Fig 16 ). This increase in 

pixel density occurred around the LH peak, but showed variation between dogs. In most dogs maximal 

coloring was seen two days after the LH surge, the estimated day of ovulation, and the days following. 

The blood flow of the individual dogs are shown on Attachment 1. The blood flow of both ovaries of 

all the dogs is shown in Figure 13. The blood flow of the left ovary of all the dogs are shown in Figure 

14 and the blood flow of the right ovary is shown in Figure 15. 

 

 
Fig 13    Blood flow of both ovaries of all the dogs (n=7) from 3 days before- until 6 days after the LH surge 
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*  A scoring system for subjective quantitation of vascular perfusion was used, using the extent of involvement from minimal to   

    maximal (scores 1 to 4). Group 1: 0 to 10% (none to almost none), group 2: 11% to 20% (low), group 3: 20 to 40% (medium) and  

    group 4: 40% and more (high) 
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Fig 14    Blood flow of the left ovary from 3 days before- until 6 days after the LH surge 
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Fig 15    Blood flow of the right ovary from 3 days before- until 6 days after the LH surge 
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There was significant association of days post LH peak and the ultrasonographic score for the left 

ovary (p < 0.001) and the right ovary (p < 0.001). The correlation between the days post LH peak and 

the ultrasonographic color score varied for each dog and each ovary. Overall, there was a poor 

correlation between scores for the left and right ovary (table 2). 

 

No real difference in number, extent and intensity of intra-ovarian color pixels was seen between the 

left and right ovary. However, in 31% of the days of examination the blood flow in the left ovary was 

higher than that of the right ovary, in 24% of the days of examination the blood flow in the right ovary 

was higher than that of the left ovary, and  in 45% of the days of examination the blood flow in the left 

and right ovary was equal. 

 

For days -1 to 2, there was a significant difference in the distribution of scores across days for the right 

ovary (p < 0.001) (left ovary p = 0.20).  There was a significant difference in the frequency of scores 

between days -1 and 0 (p = 0.006) and days -1 and 2 (p = 0.014) with higher scores on day 0 and day 2 

than on day -1. There was a significant difference in the frequency of scores between days 0 and 2  

(p = 0.02) with higher scores on day 2 than on day 0 (Attachment 2). 
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Table 2     Correlation coefficients between days post  LH surge and the ultrasonographic color score of the left and right ovary and between  

the left and right ovary. 

 

Animal ID Correlation coefficients between days 
post  LH surge and the left ovary 

Correlation coefficients between days 
post  LH surge and the right ovary 

Correlation coefficients between 
the left and right ovary 

B1 0.51 0.23 0.67 

B2 0.82 0.25 0.40 

B3 0.09 0.65 0.74 

B4 0.90 0.92 0.93 

B5 -0.34 0.70 -0.08 

B6 0.78 0.44 0.52 

B7 0.57 0.70 0.42 

Mean ± SD 0.48 ± 0.45 0.56 ± 0.26 0.51 ± 0.32 

 

Six of the seven dogs had ultrasound examinations performed again about 10 days after day one of 

cytologic diestrus and showed that there was still a high blood flow present.  In 35.7 % of the ovaries 

an increase of blood flow within the ovary was seen. In 14.3 % of the ovaries the blood flow remained 

to same and in 50 % of the ovaries a slight reduction was observed. 
 

 

Fig 16 Ovary color-Doppler flow ultrasonograpic images of one bitch showing blood flow increase as the follicular phase  

progressed.  2 days before LH surge (a), day of the LH surge (b), 2 days after the LH surge (c), 6 days after the LH surge (d). 

 

(a)  (b) 

 

(c)  (d) 
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Blood flow before the LH surge was only detectable in a small area in the base or center of the ovary. 

(Fig 17 a,b) Subsequently blood flow was also detectable in the walls of the ovaries (Fig 17 c,d) and/or in the 

area involving the corpus luteum (Fig 17 d,e). 

 

 
Fig 17 Ovary color-Doppler flow ultrasonograpic image showing blood flow in the base or centre of the ovary (a, b), the wall of the 

follicle (c, d) and the area of the corpus luteum (e,f). 

 

(a)   (b) 

 

(c)  (d) 

 

(e) (f) 
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DISCUSSION 

 

Nine out of the ten bitches responded by coming into clinical pro-estrus after implant administration. 

These results confirm the earlier findings 
17,18,19

, that deslorelin implants provide a effective estrous 

induction in the bitch. The reason why one of the ten bitches did not respond to the deslorelin implant 

is unclear. The fact that these bitches were induced several times in a short period of time, might have 

had an influence in the response to the deslorelin implant. The inter-implant interval that is used in this 

experiment (approximately 80 a 90 days) might be too short and might be the reason that one of the 

dogs did not respond to the (second) time she was induced. The fact that the implant remains in place 

might also influent the results. An experiment done in horses shows that when the ovuplant is left in 

place, the reproductive cycle is inhibited. 

 

In this study no control group was used. This is because of the extreme difficulty to detect the ovaries 

during anestrus using ultrasonography. Like mentioned before, because of a low activity during 

anestrus, low or even an absence of blood flow visualized with color-Doppler ultrasonography is 

assumed during anestrus.  

 

Positive identification of the ovaries with ultrasonography is difficult because the ovaries are small 

and the echogenicity of the ovary is similar to that of other structures in the surrounding area. The 

appearance of follicles and an increase in ovarian and follicular size, improved a positive 

identification. Due to this fact, ultrasound examinations were not performed until late proestrus. 

At the beginning of the study, color-coded blood flow was barely detectable. Intraovarian blood flow 

was visualized for the first time 7 to 11 days after deslorelin administration. Because ultrasound 

examinations were not preformed earlier than the beginning of vaginal cytology of at least 75% 

cornification, no data of early proestrus is available. Looking at the results, which show a low color-

Doppler blood flow quantity at the beginning of the ultrasound examinations, and looking at previous 

studies that show a cyclic increase during the reproductive cycle 25,38, it is very likely that the blood 

flow during early proestrus is low or even absent using color-Doppler ultrasonography.   

 

After induction the results of the present study demonstrate obvious alterations in intraovarian blood 

flow during the course of the estrous cycle of the bitch. The blood flow increases gradually during the 

follicular phase, show an increase at the day of the LH surge and reaches maximum values at the day 

of ovulation.  

The increase in intraovarian blood flow during the course of the estrous cycle of the bitch was as 

expected and can be explained by the rapid growth and regression of the ovarian tissue, which is 

accompanied by equally rapid changes in their vascular beds. Because of the rapid growth, the ovarian 

tissue is highly vascular and receives some of the greatest rates of blood flow, on a weight-specific 

basis, of any tissues in the body 
12,14,15

. It is also been shown that the ovarian follicles and corpora lutea 

contain and produce angiogenic factors, which contribute to this increase in vascularization 11,13. 

This is also shown is studies done in other species. 

 

In an experiment done by Köster et al 16, the ovaries of 15 bitches were examined using color and 

pulsed Doppler measurements, and showed resembling results. During the follicular phase the flow 

velocities increased gradually and a rapid increase in intraovarian coloring and systolic and diastolic 

peak velocity and end-diastolic velocity occurred in the preovulatory period. The maximum Doppler 

frequency and intraovarian coloring reached highest values at the day of ovulation and during early 

luteal phase. 

 

The present study shows some variation between dogs. Besides the fact that there was a difference in 

the moment the blood flow started to increase after deslorelin administration, also differences within 

the same dog were seen. The experiment of Köster et al (10) also shows an uneven developmental 

stage of individual ovaries in the same bitch, which supports the differences in ovaries found in this 

study. 
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The present study contains one bitch which showed (almost) no color blood flow in the left, but a high 

color blood flow in the right ovary during the estrous cycle. Even though (almost) no blood flow was 

seen, a normal increase in progesterone  and estrus behavior was observed. Maybe this difference in 

color was caused by a pathological problem in the ovary. 

This difference in blood flow caused a bigger variation in color score results of the left ovary, which 

might have been the reason why no significant difference in the distribution of scores across days for 

the left ovary was found (left ovary p = 0.20). From this result it’s assumed, that although there is an 

absence in color pixel density in one ovary, it does not mean that ovulation does not take place.  

With regard to this individual variability, it is recommendable to accompany the ultrasonography with 

other diagnostic procedures such as vaginal cytology and analysis of progesterone. 

 

One of the bitches responded to the deslorelin administration by showing signs of proestrus and had an 

increase in serum progesterone concentration. Although her progesterone concentration passed the 

value of which we assumed the LH surge occurred  (2,0 ng/mL),  the progesterone concentration of 

this bitch never rose above 2.7 ng/mL, so it was assumed that the LH surge had never occurred. On 

ultrasonographic examinations both follicular development and an increase in blood flow was seen. 

This could be explained by the increase in vascularization due to preovulatory luteïnization of the 

follicles, as described by previous studies (7,8). 

 

In the experiment of Koster et al (10) blood flow of the intraovarian perfusion of the ovary was 

monitored by means of color-coded and pulsed Doppler ultrasonography in Beagle bitches. The main 

focus of the study was the measurements done by pulsed Doppler ultrasonography and the exact 

devellopment of color pixel density is not well described. As far as I could find, a research in which 

the intraovarian blood flow of the dog during the estrous cycle is reviewed and categorised using color 

Doppler ultrasonography has not yet been done. Also the influence of induction by deslorelin on the 

blood flow of the ovary and a different dog breed had not yet been investigated. 

 

Because of no previous experience performing ultrasonography, initial examinations required more 

time to perform and were in the beginning of reduced quality. Because of this, the first ultrasound 

images of the first group of dogs (n=3) could not be used in the results, causing some absence of 

results in the first days of proestrus. The second and third round (n=4) were of good quality. Since the 

ovaries can be hard to find, previous experience is advised.  

The dogs used in this experiment were very temperament full and had no previous experience with 

handling. This leaded to some difficulties in the performance of the ultrasound imaging in the 

beginning of the study.  Even though this has not influenced the results and adaptation occurs, training 

prior to the experiment is advised. This is also the reason why the dogs were examined in standing 

position. According to previous studies this doesn’t influence the quality of the images (45). 

 

All evaluations were done accurately by one person and without previous knowledge of the other 

results. This way uniformity was achieved. Thought, bias during selection of the images used for 

evaluation can also occur this way. This can be improved in a future study by comparison of blind 

evaluations done by more people.  

 

This study is mainly limited because of the subjective quantitation of vascular perfusion used in this 

study. The results in the present study are a qualitative and subjective way of estimating the amount of 

blood flow. A second study where the ultrasound images are quantitatively measured, is desirable to 

support the results found in this study. 

 

 

Because of the short amount of time in this study and the fact that the goal of this research lies in the 

detection of ovulation, only blood flow within the late estrus, estrus and early diestrus have been 

monitored. In a future study ultrasonographic evaluation of the blood flow during the early proestrus, 

the follicular and luteal phase and anestrus, will provide more knowledge of the ovarian vascularity 

during the canine estrous cycle. A trail which involves treatment with prostaglandins during diestrus 
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might also give important information about the involvement of the blood flow of the corpus luteum in 

the total blood flow of the ovary.  
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CONCLUSION 

 

Color Doppler ultrasonography provides information about the vascular cyclic changes within the 

ovary. A marked increase seen around the LH surge with maximal values at the day of ovulation, 

suggests that high blood flow can be associated with the time of ovulation. If a high color density is 

seen on Doppler ultrasonography, ovulation has most probably occurred. Because of variation between 

and within dogs, and a possible presence of a pathological problem of one of the ovaries, absence of 

high color density is does not exclude ovulation.  

The hypothesis that ovarian blood flow can be determined by color-coded Doppler ultrasonography 

can be accepted, but the use of color-coded Doppler Ultrasonography to reliably predict the time of 

ovulation has not completely been proven with this study. Color Doppler ultrasonography to determine 

ovulation in a bitch, might be a useful, convenient, non-invasive and fast tool in clinical and research 

settings, but previous experience is necessary and because of high variation a clear result is often not 

achievable. Further studies are needed to confirm this effect before implications for veterinary 

medicine are obvious.   
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Figure      Ultrasonographic color score post LH surge of both ovaries of all the bitches (n=7) 
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Table      Ultrasonographic color score post LH surge of the left ovary of all the bitches (n=7) 

 

Animal 

ID 

Day -

3 

Day -2 Day -1 Day 0 

(LH peak) 

Day 

1 

Day 2 Day 3 Day 4 Day 5 Day 6 

B1 - - 3 2 2 4 4 4 4 4 

B2 2 2 1 3 3 4 3 4 3 4 

B3 - - - 2 3 4 4 4 3 3 

B4 2 2 2 3 4 4 4 3 4 - 

B5 1 1 2 1 1 2 1 1 1 - 

B6 - 1 - 2 3 3 3 4 3 3 

B7 2 3 3 4 3 4 3 3 3 3 

 

Table      Ultrasonographic color score post LH surge of the right ovary of all the bitches (n=7) 

 

Animal 

ID 

Day -

3 

Day -2 Day -1 Day 0 

(LH peak) 

Day 

1 

Day 2 Day 3 Day 4 Day 5 Day 

6 

B1 - - 2 - 2 3 4 3 3 2 

B2 2 1 2 3 2 4 3 2 2 2 

B3 - 1 - 2 3 4 4 4 4 4 

B4 2 2 2 3 4 4 3 4 4 - 

B5 1 2 2 3 4 4 3 3 3 - 

B6 - - - 3 2 4 4 4 4 3 

B7 2 1 2 3 2 2 3 2 3 3 
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Table 1     Frequency of ultrasonographic color score post LH surge of the left ovary 

 

 Ultrasonographic color score 

(minimal to maximal) 

 

 

Days post 

LH surge 

 

 

1 

 

2 

 

3 

 

4 

 

Total (n) 

 

-1 

 

 

1 

 

2 

 

2 

 

0 

 

5 

 

0 

 

 

1 

 

3 

 

2 

 

1 
 

7 

 

1 

 

 

1 

 

1 

 

4 

 

1 
 

7 

 

2 

 

 

0 

 

1 

 

1 

 

5 
 

7 

 

Total (n) 

 

 

3 

 

7 

 

9 

 

7 
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Table 2     Frequency of ultrasonographic color score post LH surge of the right ovary 

 

 Ultrasonographic color score 

(minimal to maximal) 

 

 

Days post 

LH surge 

 

 

1 

 

2 

 

3 

 

4 

 

Total (n) 

 

-1 

 

 

0 

 

5 

 

0 

 

0 
 

5 

 

0 

 

 

0 

 

1 

 

5 

 

0 

 

6 

 

1 

 

 

0 

 

4 

 

1 

 

2 
 

7 

 

2 

 

 

0 

 

1 

 

1 

 

5 
 

7 

 

Total (n) 

 

 

0 

 

11 

 

7 

 

7 
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