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Simple Summary: Differential diagnosis is required for uterine diseases in goats because of
the variety of pathogenesis. Hydrometra can be effectively differentiated from other uterine
diseases using a combination of imaging techniques such as ultrasonography, computed
tomography, and hysteroscopy, allowing observation of morphological abnormalities in the
uterine contour and inside the uterine lumen and identification of structural abnormalities,
including vascularization and inflammation.

Abstract: This case report includes the clinical utility of ultrasonography, intrauterine
endoscopy (hysteroscopy), and computed tomography (CT) in the preoperative evaluation
of hydrometra in a pet goat, which did not completely heal with medical therapy using
prostaglandin F2a. Ultrasonography revealed an anechoic liquid within the uterine lumen
on a percutaneous scan. CT identified an enlarged uterus and right ovary with a cystic
follicle-like structure. Hysteroscopy revealed an accumulation of clear fluids within the
uterine lumen and a corrugated, thickened endometrial structure. Plasma estradiol-17f3 (E2)
concentrations were found to be higher (41.9 pg/mL) than normal levels, whereas plasma
progesterone (P4) concentrations were at normal levels (0.55 ng/mL) during the follicular
phase. Histopathological examination of the endometrium removed by biopsy revealed
accelerated mucosal secretion with hyperplasia. Ovariohysterectomy was performed
14 days after the initial diagnosis. Immediately before surgery, plasma E2 and P4 levels
were 23.4 pg/mL and 18.34 ng/mlL, respectively. Histopathological examination of the
surgically removed endometrium revealed cystic endometrial hyperplasia in the uterus
and follicular cysts in the ovary. Based on these results, the patient was histologically
diagnosed with hydrometra, including cystic endometrial hyperplasia, possibly induced
by follicular cysts in the ovary. Ultrasonography and intrauterine endoscopy enabled clear
visualization of the secreted mucosa within the uterine lumen, whereas CT enabled an
effective visualization of an ovary with a cystic follicle structure. Preoperative observations
based not only on ultrasonography but also on evaluations, particularly combined with
CT and endoscopy, are useful in diagnosing hydrometra and determining the need for
ovariohysterectomy in goats.
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1. Introduction

Hydrometra is a common reproductive disease that causes infertility in goats [1]. This
disease has been previously detected in 3.0 to 20.8% of sick or infertile female goats [1] and
reported in 0.3 to 1.6% of pathological reproductive tracts obtained from goats slaughtered
in abattoirs [2,3]. Persistent corpus luteum is a common cause of this disease [2,4-7], with
pseudopregnancy being a well-known synonym for this disease [1,5-8]. Endometritis is
considered a possible cause of the development of hydrometra in goats [9,10].

Hydrometra can also cause fluid evacuation through the vaginal valve, referred to
as a cloudburst [2,4,5,7]. This disease can cause varying volumes of intrauterine effusions
ranging between 0.25 and 8 L, resulting in the distention of the affected uterus [4]. The
intrauterine fluids can be broadly divided into septic and aseptic effusions [2,5,11]. The
intrauterine retention of aseptic effusions is a common characteristic of various uterine
diseases observed in female goats [11]. In contrast, septic fluid accumulation enables the
specific diagnosis of pyometra, a rare caprine uterine disease, accounting for 0.4 to 2.8% [3].
Hydrometra is a common aseptic disease that occurs worldwide [4-7]. Reproductive tract
tumors are diagnosed in 4.0 to 8.7% of affected goats during necropsy [12]. Pet goats tend
to have a higher prevalence of reproductive tract tumors than production animals because
of their longer lifetimes [12]. Caprine cases with reproductive tract tumors tend to exhibit
various clinical signs, such as vulvar discharge of hemorrhage, mucoid, or purulent materi-
als, udder development, and abdominal distension [12]. These signal appearances are not
specific for differentiating between tumor and non-tumor diseases, including endometritis,
hydrometra, and pyometra [12,13]. Thus, the development of diagnostic techniques is
required to differentiate between these uterine diseases for subsequent decisions regarding
therapeutic options and prognosis.

In small animal practice, the clinical use of imaging modalities, such as radiography, ul-
trasonography, endoscopy, and computed tomography (CT), is essential for diagnosing vari-
ous diseases of the urogenital organs, such as the ovary, oviduct, uterus, and vagina [14-17].
Various diseases in the reproductive tracts of small and large ruminants have previously
been diagnosed using imaging modalities such as ultrasonography [2,3,5-8,11-13,18-23],
radiography [24], CT [24,25], and intrauterine endoscopy (hysteroscopy) [10,14,26-30].
Although the diagnosis of hydrometra in goats is typically based on ultrasonographic
observations, CT has not yet been used.

In previous cases, intramuscular injections of prostaglandin F2« (PGF2«) or oxytocin
have been commonly administered for treatment, as the concurrent involvement of a
persistent corpus luteum is common in most cases of caprine hydrometra [2,4-7]. However,
a few patients respond poorly to these medical treatments [6,7,23]. In such cases, an
ovariohysterectomy is a viable therapeutic approach used for pet goats if they do not need
to be reproduced [4,31,32].

In this study, we aimed to present the clinical efficacy of the combined use of ultra-
sonography, CT, and hysteroscopy for diagnosing hydrometra, thereby contributing to
improved surgical decisions and planning for pet goats.

2. Case Presentation

A 9-year-old Alpine mixed-breed pet female goat with 46.5 kg body weight presented
with anestrous within the last 6 months, followed by gradual abdominal distention and
continuous mucosal discharge. The present case had no history of delivery, as she was kept
alone in the owner’s house. An intramuscular injection of PGF2« before admission resulted
in a temporary discharge of endometrial fluids, followed by a recurrence of mucosal
discharge. Activity and drinking were normal despite a decrease in appetite.
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Blood examination: At admission, hematological examination revealed a slightly
decreased red blood cell count (680 x 10*/uL, reference range: 800-1800 x 10%/uL [33]).
No abnormal values were found in serum biochemistry. Plasma estradiol-17(3 (E2) and
progesterone (P4) concentrations were measured using an immunofluorescence assay kit
(Mini Vidas; BioMérieux, Chemin de I'Orme, France). The plasma E2 and P4 levels were
41.9 pg/mL and 0.55 ng/mL on the initial clinical day, respectively (Table 1).

Table 1. Blood levels of estradiol-173 and progesterone.

Variable Initial Day Day 14 Day 24 Reference Values
Estradiol-173 (ng/mL) 41.9 23.4 25.9 16.5 (peak estrus phase) [19]
Progesterone (pg/mL) 0.55 18.34 0.51 3.6-4.3 (luteal phase) [34]

Ultrasonography: An ultrasound scanner (MyLabOne VET; Esaote Europe BV, Maas-
tricht, Netherlands) was used to scan the animal in its standing position. The percutaneous
application of a 2.5 MHZz sector transducer to the caudal abdomen revealed an enlarged
uterus within the lumen, which contained anechoic fluids (Figure 1).

Figure 1. Ultrasonographic appearance of the uterus when scanning percutaneously. Anechoic fluid
(asterisk) is seen within the enlarged uterine lumen. Scale = 10 mm.

CT: The animal was examined using a slip-ring CT scanner (Pronto SE; Hitachi Co.
Ltd., Tokyo, Japan) while positioned in the lateral recumbency on the examination table
under anesthesia after intravenous injection of xylazine hydrochloride (0.2 mg/kg; Selactar
2%; Bayer Yakuhin Ltd., Osaka, Japan). The transverse CT images obtained from scanning
after intravenous injection of the contrast medium, iopamidol (2.0 mL/kg; Iopamirone
300mg/mL; Bayer Healthcare, Osaka, Japan), displayed a heterogeneously enhanced
uterine mass. In this uterine mass, the right uterine horn appeared as a ball-like structure
of approximately 5 cm in size at the basal area, and the uterine tube was also enlarged to a
thickness of approximately 2 cm (Figure 2a). The lumen of the enlarged right uterine horn
and uterine tube was unclear on the CT. The right ovary was approximately 2 cm in size
and included a non-enhanced, round, follicle-like structure of a maximum of 10 mm. The
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left uterine horn was enlarged to a thickness of approximately 3 cm. The structure of the left
ovary was not evident on CT because it overlapped with the structure of the uterine horn.
On the dorsal CT section of the caudal abdomen, the right uterine horn was thicker than
the left (Figure 2b). No morphological or contrast-enhanced abnormalities were observed
in other abdominal organs. No lymphadenopathy was evident in the abdominal cavity.

Figure 2. Transverse (a) and dorsal (b) contrast computed tomography images of the caudal abdomen.
(a) The right uterine horn is shown as an enlarged, round structure, larger than that of the left
uterine horn. The homogenously contrast-enhanced structure represents the enlarged uterus (Ut),
wherein the uterine lumen is unclear. The contrast-enhanced ball-like structure of the right ovary (RO)
includes a round cystic structure with weak contrast enhancement. (b) The uterus (Ut) is represented
as the enlarged uterine cervix running along the urinary bladder (UB) within the pelvic cavity, and
the uterine horns extend to the location approximately 4 cm cranially compared with the pelvis.
Scale = 25 mm.

Hysteroscopy: Under the same anesthetic condition, the animal was subsequently
examined by hysteroscopy using a gastroscope (Fujifilm EG 530NP; outer diameter 4.9 mm
and working channel 2.0 mm, Fujifilm Co., Tokyo, Japan) and a video processor (TC200EN;
KARL STORZ Endoscopy Japan K.K., Tokyo, Japan). Under endoscopic observation, while
moving the introduced endoscope toward the deep areas of the uterine lumen, a large
amount of clear fluid content without turbidity accumulation was seen within the uterine
lumen. The corrugated thickening of the endometrium was observed throughout the uter-
ine lumen (Figure 3). Water flushing from the endoscope into the uterine lumen appeared
to float in the endometrial corrugations, suggesting softer structures. The endometrial
surfaces were pale pink without discoloration. The corrugated structures were collected
using biopsy forceps (2.0 mm x 1150 mm; Olympus FB-211D, Olympus Medical Systems
Co., Tokyo, Japan) and introduced through a working channel.
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Figure 3. Hysteroscopic appearance of the uterus. Corrugation is evident in the whole area of the
endometrial walls.

Hysteroscopy-assisted biopsy: Histopathological examination of the biopsy specimens
revealed predominant edematous changes in the stroma and a slight hyperplasia of the
uterine glands. There was infiltration of inflammatory cells, in which lymphocytes and
plasma cells were predominant within the endometrial structures. No mitotic or tumor-
like changes were observed. No bacterial aggregates were detected in the pathological
examination. Based on these findings, the pathological changes in the endometrium
were confirmed as chronic endometritis, although the etiological cause was unknown.
Additionally, a comprehensive evaluation of the diagnostic and pathological results led to
a diagnosis of hydrometra in the present case.

Surgery: On day 14, the goat underwent an ovariohysterectomy. Inhalation anesthesia
was obtained with 2-3% isoflurane (ds isoflurane; DS Pharma Animal Health Co., Ltd.,
Osaka, Japan) via a tracheal tube inserted after anesthesia with intravenous injection of
xylazine hydrochloride (0.2 mg/kg) and butorphanol (0.2 mg/kg; Vetorphale, Meiji Seika
Pharma Co., Ltd., Tokyo, Japan), followed by a one-shot injection of propofol (2 mg/kg;
Propoflo 28; Zoetis, Parsippany, NJ, USA). A skin incision of 15 cm was made along
the ventral abdominal midline of the anesthetized dorsal recumbent animal. A severely
extended uterus was detected within the abdominal cavity through the surgical opening
of the abdominal wall. Macroscopically, the uterus was observed as multiple-beaded
extended parts aligned on its tubular structure (Figure 4a). The right uterine horn appeared
larger than the left. The left ovary, approximately 1 cm in size, was found behind the
left uterine horn (Figure 4b). The ovarian ligament, including the ovarian artery and
vein, was cut after suturing these vessels with a monofilament absorbable suture (Ethicon
PDS II USP 2-0; Johnson & Johnson K.K., New Brunswick, NJ, USA). In the apex of the
round, enlarged right uterine horn, the right ovary, approximately 2 cm in size, and the
thickened uterine tube were observed (Figure 4c). Macroscopically, the follicular and luteal
structures were present within the parenchyma of the right ovary. The ovarian ligament
was cut similarly to that of the left ovary. An incision was made in the broad ligament
of the uterus attached anatomically to both sides of the uterine body after the ligation of
the blood vessels along their membranous structures. The uterine arteries running along
both edges of the thickened uterine cervix were ligated, followed by the ligation of the
body of the uterine cervix using an absorbable suture material (MAXON; Davis and Geck
Inc., Brooklyn, NY, USA) (Figure 4d). Subsequently, an incision was made cranially at the
location of the uterine cervix, leading to complete resection of the uterine body (Figure 4e).
The cut surface of the uterine cervix was closed using purse-string suturing, followed by
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Lembert suturing using an absorbable suture material (Figure 4f). The abdomen was closed
by running suturing to the peritoneum and muscular layers using an absorbable suture
material, followed by suturing to the incised skin using a nylon suture material (Suprylon

USPO, Vomel, Gronberg, Germany).

5%, 0%,

% )
Figure 4. Images of the surgical procedure of ovariohysterectomy. (a) The multiple-beaded, extended
uterus (Ut) is seen when pulled out from the abdominal cavity. (b) The left ovary (LO), approximately
1 cm in size, is located behind the left uterine horn. The corpus luteum is seen in the LO. (c) The
right ovary (RO), approximately 2 cm in size, has follicular and luteal structures. (d) The severely
thickened uterine cervix (UC) is seen when the uterus (Ut) is held out of the abdominal cavity. (e) An
incision is made in the UC after its ligation. (f) The cut surface of the UC is closed with purse-string
suturing.

Follow-up: The animal was treated with intramuscular administrations of a streptomycin—
penicillin complex for 3 days (Mycillin; Meiji Seika Pharma Co. Ltd., Tokyo, Japan). On
day 24 (10th postoperative day), the animal exhibited satisfactory postoperative outcomes
without complications, including no discharge from the vulva, despite a slight swelling
of the sutured skin. There was no recurrence of reproductive disturbances. The plasma
levels of E2 and P4 were 23.4 pg/mL and 18.34 ng/mL, respectively, in the blood samples
obtained preoperatively on day 14 (Table 1). On postoperative day 10, the plasma E2 levels
(25.9 pg/mL) did not decrease significantly compared with those on the initial clinical day
and day 14.

Macroscopic and pathological examinations: Within the lumen of the uterus removed
surgically, the endometrial walls exhibited a diffuse thickening because of swelling, and
multiple cystic changes were macroscopically observed (Figure 5a). Histologically, the cyst
wall lining comprised one or two layers of cuboidal or flat epithelial cells. The muscular
layers were thinner and included proliferating uterine glands. The proliferation of stromal
cells was observed along the underlying layers of the mucosal epithelium (Figure 5b).
Adenomyosis was observed in the uterine horn. Some corpora lutea were observed in cut
sections of both ovaries (Figure 5c). Histologically, multiple formations of cystic structures
lined with granulosa cells within the cortex were observed (Figure 5d). The cyst wall was
lined with granulosa cells and contained certain inflammatory cells, such as macrophages,
lymphoid cells, and some cell debris (desquamated cells), suggestive of follicular cysts.
Furthermore, luteal cells comprising small and large cells, predominantly and partly
referred to as theca lutein and granulosa lutein cells, respectively, were found in both
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ovaries. Granulosa lutein cells were strongly acidophilic and showed atrophic changes,
suggesting a mild degenerative change.

\'i ol

]

Figure 5. Surgically removed uterus and ovaries. (a) Swelling of the uterine mucosa and multiple
cystic formations (arrowheads) are noted. Scale bar = 5 mm. (b) A cyst (asterisk) located in the
endometrium is lined by a few layers of epithelial cells. The proliferation of stromal cells and marked
edematous changes can be seen in the submucosa. Bar = 500 um. (c) The cut surface of ovaries after
formalin fixation. Both ovaries contain multiple corpus lutein (yellow to brownish nodules) and a
few cystic structures (asterisks). Scale represents 1 mm intervals. (d) In the cortex of the ovary, a cyst
(asterisk) is lined by granulosa cells and contains some cell debris. Bar = 500 pm.

3. Discussion

In the present case, the combined use of ultrasonography, CT, and hysteroscopy was
extremely helpful in diagnosing hydrometra and ovarian follicular cysts, guiding the deci-
sion to perform an ovariohysterectomy. In the diagnostic process using these modalities, the
present case was initially examined using ultrasonography while scanning percutaneously
via the abdominal wall. Transabdominal ultrasonographic scanning was chosen because
the patient did not have a large enough body mass for the transrectal approach [7,18].
The transrectal scanning of small animals can lead to rectal damage [35]. Transabdominal
scanning may be inferior to transrectal scanning in the visibility of the reproductive organs,
possibly because of the differences in the ultrasound frequency of the applicable transducer,
as previously ranging between 3.0 and 6.5 MHz [2,5,11,19,21-23] and between 5.0 and
10.0 MHz [6-8,11,13,18,20,21], respectively. Additionally, it is challenging to demonstrate
the whole structures of the reproductive organs using transabdominal scanning. This may
have limited the diagnostic information obtained by ultrasonography in the present case.
Transvaginal ultrasonography could have been utilized as the alternative scanning method
to demonstrate the pathological reproductive tract because it has previously helped the
identification of early pregnant uteruses in goats [36].

The previous applications of ultrasonography for sick or infertile female goats could
help identify the varying prevalence of hydrometra, accounting for 1.4 to 51.0% [5-8,21].
The ultrasonographic observations of this disease are characterized by varying amounts
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of anechoic fluids within the uterine lumen, where small hyperechoic deposits float occa-
sionally [5,7,10,11,21,35]. The echogenicity of the intrauterine effusion was higher on the
ultrasonogram of pyometra than that of hydrometra and endometritis [10,11,22]. How-
ever, differentiating hydrometra from pyometra may occasionally be difficult [35] because
of the varying echogenicity of intrauterine effusion, which appears anechoic [6,7] to hy-
poechoic [8]. Additionally, the ultrasonographic findings of hydrometra showing small
amounts of intrauterine effusion can be misdiagnosed as early pregnancy when the echotex-
tures of the fetus and placentome cannot be found [7,35]. In terms of the ultrasonographic
appearances of uterine tumors compared with those of hydrometra, these uterine diseases
can be differentiated based on the ultrasonographic findings observed in half of the previ-
ous caprine cases, including the formation of hyperechoic mass structures derived from
the endometrium and muscular layers and multifocal, anechoic, cystic lesions diffused
within uterine walls [12,13,19]. However, intrauterine fluid retention was the common
ultrasonographic finding among these uterine diseases, as reported in 38% of examined
caprine cases with uterine tumors [12,13,19]. Thus, using ultrasonography alone makes it
difficult to distinguish common uterine diseases [10].

Previous clinical use of CT for diagnosing caprine urogenital diseases has rarely been
reported [24,25], despite a few previous reports describing the anatomical evaluation of
abdominal CTs in goats [20]. In the CT scans of the caudal abdomen and pelvis, where the
narrow cavities are fully crammed with the reproductive tract, the urinary system, colon,
and rectum can be identified as separate structures without an overlap in two-dimensional
CT sections [20,37]. CT can provide basic transverse cross-sectional images, enabling the
reconstruction of every directional plane and a three-dimensional image [20,37]. Recon-
structed sagittal CT planes can contribute effectively to evaluating the extent of masses
that spread between the abdominal and pelvic cavities and the positional relationship of
pathological uterine and ovarian structures against the peripheral organs [25,38]. Detecting
the systemic formation of metastatic foci and lymphadenomegaly during whole-body
scanning using CT can lead to diagnostic suggestions for neoplastic lesions [24,25]. The CTs
of reproductive tract lesions can be evaluated quantitatively by measuring lesion size and
Hounsfield units [37]. In the present case, the CT-based measurement of ovarian follicle
size within the right ovary helped diagnose a follicular cyst based on the ultrasonographic
criteria of follicular cysts [3,7,11,21]. These cysts were >10 mm in size [3,7,11,21], compared
with 8-9 mm of the maximum size of a follicle formed within the ovary in the estrous cycle
of female goats [11,18]. Contrast techniques for radiographic examination are applicable
to CT scanning [25,38,39]; these techniques include excretory urography, retrograde cys-
tography [38], hysterography, identifying the pathological enlargements of the affected
uterus and fertile states [14,16], and vaginography, helping in diagnosing ectopic ureters
and urethrovaginal and rectovaginal fistulas [15,39]. The intravenous injection of contrast
medium during CT scanning can provide significant evidence of contrast enhancement,
such as the difference in contrast-enhanced density within the lesions and the time required
for contrast enhancement [24]. Contrast enhancement and fluid retention within the uterine
lumen are significant CT features that differentiate between neoplastic and non-neoplastic
uterine diseases [25]. In the present case, contrast CT revealed that the thickened uterine
walls were occupied predominantly by a fluid retention area within the enlarged uterine
structure.

Hysteroscopy is routinely used for intrauterine catheterization and artificial insem-
ination in goats [27,40]. In the present case, hysteroscopy was performed under deep
anesthesia for CT examination before the procedure. Hysteroscopy has been performed in
previously examined bovine, buffalo, equine, and caprine cases in their standing position,
with or without sedation [27-30,41]. Epidural anesthesia is required when hysteroscopy is
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performed in unanesthetized animals [27-30]. The applicable diameters of endoscopes to be
introduced into the uterine lumen of examined goats have ranged from 5.0 to 5.5 mm [10,30].
The smaller diameter of an endoscope (e.g., 2 mm) may be recommended for application
in female caprine cases, based on a previous practical record wherein the intrauterine
introduction of the larger diameter of the endoscope was faulty in 55.8% of uteri if in-
cision in the cervix was not made [10,40]. The intrauterine infusions of sterile saline or
lactated Ringer’s solution can lead to the distention of the uterine lumen, contributing to
good endoscopic observations [30]. Flushing of the uterine lumen was performed in the
same manner as in the present case, allowing for the observation of color and turbidity
of the intrauterine effusion and subsequent cytological and bacteriological examinations,
although the stirred mucopurulent materials could cause unclearness in the hysteroscopic
view in the previous cases [30]. Endometritis is a common uterine disease for which hys-
teroscopy is preferred [10,29,30]. The previous use of hysteroscopy in sick female goats
enabled the identification of endometritis in 45.2% of cases, followed by the detection of
endometrial hemorrhages, hydrometra, mucometra, and pyometra in 19.4, 16.1, 9.9, and
9.7% cases, respectively [10]. The common hysteroscopic appearances of endometritis are
the discoloration and thickening of the endometrial walls of the affected uterus, whereas
ultrasonography enables the demonstration of only endometrial thickening [10,26,29]. Ad-
ditionally, the corrugation of thickened endometrial walls can be commonly identified in
hysteroscopic observations [29], similar to that in the present case. Hysteroscopy-assisted
biopsy was successfully performed to identify endometritis preoperatively in the present
case. Thus, this technique is the most optimal approach for hysteroscopy, which has
also been performed in previous caprine cases [9,27,28]. Under hysteroscopic observa-
tions, biopsy specimens can be selectively collected from the pathological surface of the
endometrium, identified based on discoloration and ulceration, using pilling biopsy for-
ceps [16,17,41]. The hysteroscopic detection of endometritis can consequently contribute
to the diagnosis of hydrometra because these uterine lesions mostly occur concurrently in
affected female goats [9,10].

The most common therapeutic option for small ruminants when diagnosed with
hydrometra is the administration of PGF2« [2,5-7,23]. However, a few treated animals do
not exhibit complete resolution of clinical signs, and a single administration of PGF2« has
been reported to result in the recurrence of hydrometra in 45% of treated animals [6,7,23].
No pharmacological interventions, including PGF2« and oxytocin, have previously yielded
therapeutic evidence to decide for laparotomy or laparoscopy as the treatment that needs
to be performed subsequently [4,31,32]. For pet goats, surgery must be actively selected to
maintain an adequate quality of life and improve undesirable, aggressive behaviors [31,32].
In previous cases of caprine and ovine hydrometra treated with ovariohysterectomy, the
removed uteri typically included a large amount of intrauterine effusion measured between
1.5 and 6.5 L [2,4,31]. Endometrial stromal polyp formation was rarely detected in a
previous caprine case [19]. Thus, surgical planning can be supported by preoperative
CT findings to evaluate varying pathological conditions, such as uterine size and degree
of fluid retention in the affected uterus. For example, in the present case, the CT-based
preoperative findings indicated that endometrial proliferation was the predominant uterine
lesion.

In the present case, the higher plasma E2 concentration on the initial clinical day
(41.9 pg/mL) seemed to correspond to the CT and macroscopic results, in which an en-
larged ovary included a follicular cyst [42]. The involvement of this ovarian lesion was
consistent with the histopathological results showing accelerated mucosal secretion from
the hyperplastic endometrium. Thus, the present case was considered to involve hydrome-
tra induced by a follicular cyst [7,22]. The increased blood levels of estrogen were measured
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as 13.6 and 31.8 pg/mL on average in previous caprine cases affected with hydrometra
and endometritis, respectively [7,22]. In the present case, hyperestrogenism may have
promoted favorable conditions for the development of endometritis, potentially serving
as a primary cause of hydrometra [4]. However, a normal ovarian cycle in the present
case could not be completely denied because plasma P4 concentrations over a period of
the examined time seemed to be changed within the common levels measured during
the follicular and luteal phases [42]. It has not been well known whether the luteal struc-
tures observed macroscopically within both ovaries were functional or persistent corpus
luteum, whereas a persistent corpus luteum might be doubtful because of the lack of a
therapeutic effect of PGF2c administration, as this treatment targets this condition, one of
the typical causes of hydrometra [2,4-7]. Relatively high plasma E2 levels were maintained
after ovariohysterectomy in the present case. However, the extragonadal source of E2 in
goats is not clearly understood. In rats, blood E2 concentrations have been reported to
increase gradually until 4 months after ovariectomy [43]. The increase in extragonadal E2
production may depend on the expression of aromatase enzyme in the liver and adipose
tissues and the increased adrenal expression of P450c17, which converts P4 to testosterone
until 6 months after ovariectomy [43]. This extragonadal E2 production may also have
functioned in the present case, as the adrenal gland is known as the principal organ for
producing sex steroids, except for the ovary, in female goats [44].

4. Conclusions

Based on the clinical results of the present case, it can be concluded that hydrometra
in goats can be accurately diagnosed by the combined use of various imaging modalities,
including transabdominal ultrasonography for providing initial, suggestive evidence of
uterine disease, if any; CT for enabling multiple evaluations for extension degree and the
contrast enhancement of the affected uterus; and hysteroscopy leading to macroscopic
intrauterine observation of pathological endometrial changes and effusion retention, fol-
lowed by the use of hysteroscopy-assisted biopsy. The advanced diagnostic technique
commonly utilized in small animal practice can be applied to pet goats with various uro-
genital diseases, whereas the clinical use of this technique would be difficult on livestock
farms because of the examination cost and lack of inspection institute.
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corresponding author.
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