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Abstract

Objectives Qvarian remnant syndrome (ORS) is suspected when heat signs occur in spayed individuals, but further
diagnostic procedures are necessary to exclude other possible oestrogen sources, such as the adrenal gland or
exogenous supplementation. Anti-Mllerian hormone (AMH), secreted by granulosa cells or Sertoli cells, serves to
differentiate sexually intact from gonadectomised animals and has been described in dogs as a tool for diagnosing
ORS. The aim of this study was to evaluate if AMH determination can be used to diagnose ORS in cats.

Methods AMH was measured with a chemiluminescence immunoassay in serum samples of 15 sexually intact,
9 spayed and 16 cats with a history of heat signs after spaying. Abdominal ultrasound (n= 13), vaginal smears
(n=7), progesterone measurement (n=5) and laparotomy (n=14) were used to determine the presence of
ovarian tissue. After surgery, a histological examination of the obtained tissue was performed in the cats with
suspected ORS.

Results In 15 cats with ORS the AMH serum concentrations were significantly higher than in spayed cats (n=10;
P=0.025) and significantly lower than in sexually intact cats (n=15; P=0.001). Among the cats with ORS, the
highest AMH serum concentrations were measured in the queens with cystic ovarian alterations and in one cat
from which a whole ovary was obtained. The cat with the lowest AMH serum concentration had a simultaneous
high progesterone serum concentration. Cats with ORS did not show any heat signs after surgical removal of the
ovarian tissue.

Conclusions and relevance A single determination of AMH in blood serum is a useful diagnostic tool for the
diagnosis of ORS in cats, regardless of the hormonal activity of the remnant ovarian tissue.
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Introduction
Ovarian remnant syndrome (ORS) in cats is a consequence
of the incomplete removal of the ovaries during elective

spaying.'> Although frequently discussed, there is little
evidence that congenital ectopic ovarian tissue occurs in
any domestic animal species.® Affected animals usually
develop heat signs up to several months or years after
spaying. Complications such as uterine stump pyometra,
ovarian tumours or even hyperandrogenism seem to be
rare in cats and have only been documented in isolated
case reports.27-10

Several diagnostic methods have been described to ver-
ify the presence of ovarian tissue. In addition to heat signs,
an exfoliative vaginal cytology containing a high number
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of superficial cells or an increased serum oestradiol con-
centration may indicate oestrogen-secreting ovarian tis-
sue. However, administration of exogenous oestrogen has
to be excluded.! After spontaneous or induced ovulation
an elevated serum progesterone concentration confirms
luteal tissue.!> When no heat signs are present during
the time of examination, an oestrogen stimulation test
or luteinising hormone (LH) test has been described.!314
However, most of these diagnostic approaches have been
solely tested in sexually intact queens; therefore, it can
only be assumed that cats with ORS show comparable
hormonal changes. Abdominal ultrasonography can
detect remnant ovarian tissue, especially when follicles or
corpora lutea are present.’

The preferred treatment is the surgical removal of the
remnant ovarian tissue via laparotomy, although laparo-
scopic approaches have been described.*>1> In most cases,
the remnant ovarian tissue is located at one or both of the
ovarian pedicles, but ovarian tissue displaced to other
locations inside the abdominal cavity during spaying has
the potential to revascularise and resume its hormonal
activity.>16

Serum anti-Miillerian hormone (AMH)), secreted from
Sertoli cells in males and granulosa cells in females, helps
to distinguish sexually intact dogs and cats from gonad-
ectomised individuals.’71 Furthermore, the usefulness
of serum AMH concentration to diagnose ORS in female
dogs has been described.??! AMH determination as a
diagnostic tool to identify cats with remnant ovarian
tissue has only been used in a few cases so far.1618

The aim of this study was to determine the use of
serum AMH to identify ORS in cats alone or in combina-
tion with other diagnostic approaches at different stages
of hormonal activity of the remnant ovarian tissue.

Material and methods

Animals

This study included 15 cats, shown in Table 1, that were
examined from January 2017 to October 2021, and were
presented because of recurring oestrous behaviour after
spaying, which took place between 1 and 69 months
before presentation. In total, 13 of these cats were pre-
sented to our clinic and two to a private practitioner.

All cats underwent a general clinical examination. An
abdominal ultrasound was performed in 13 cats to exam-
ine if remnant ovarian tissue was present behind the kid-
neys at the position of the ovaries (excluding cats 4 and
13). A vaginal swab was obtained and stained (DiffQuik,
RAL Diagnostics) in seven cats (cats 2, 3, 8, 9, 11, 14 and
15) and evaluated. We determined the amount and type
of epithelial cells, the quality of the background, the pres-
ence of other cells such as neutrophils or erythrocytes
and the presence of bacteria. In three cats (cats 2, 5 and
14) serum progesterone levels were determined at first
clinical presentation and in a further two cats (cats 3 and

8) serum progesterone levels were determined 6 days
after injection of 0.5 ml of human chorionic gonadotropin
(hCG) (Ovogest 3001E/ml; MSD Tiergesundheitsdienst)
intramuscularly. With the exception of cat 7, all cats
underwent a laparotomy under general anaesthesia and
a histopathological examination of the removed tissue
was performed afterwards. For general anaesthesia at
our clinic, the cats received premedication including
diazepam and ketamin for sedation and methadone
for analgesia, and were induced with either propofol or
alfaxalone. After intubation, anaesthesia was maintained
with isoflurane. For laparotomy, a midline incision from
behind the umbilicus to the height of the last pair of mam-
mary glands was performed, and the areas behind both
kidneys, as well as the remnant uterus, were investigated,
and all ovarian-like structures were removed for patho-
histological examination. For postoperative analgesia, the
cats were treated with meloxicam for 3 days.

AMH concentrations were also determined in 15
sexually intact cats presented for elective spaying or
gynaecological examination and in 10 previously spayed
cats presented because of orthopaedic issues in nine
cases and in one case because of heat signs and cystic
endometrial hyperplasia of the uterus after exogenous
oestrogen administration. The group of sexually intact
cats consisted of 13 European Shorthair, one Norwegian
Forest Cat and one Birman cat. These cats were aged 6—48
months and had a body weight in the range of 2.3-6.1 kg.
The group of previously spayed cats included seven
European Shorthair, two Maine Coon and one Norwegian
Forest Cat. These cats were aged 24-164 months and their
body weight was in the range of 2.5-5.0kg. Measurement
of the AMH concentration was performed in all cats in
serum samples collected for preanaesthesia blood testing
or determination of the hormonal status.

Ethical approval and informed consent

AMH determination in the cats that were not presented
because of a suspected ORS or breeding soundness
examination was conducted under the stipulations of the
German Protection of Animals Act (reference number
55.2-1-54-2532-111-2016 from the Bavarian Government).
All other examinations were carried out during routine
diagnostics. All owners provided signed consent for the
collection of data for the purpose of treatment and care of
animals, as well as for research.

Hormonal analysis

AMH measurements were performed at a commercial
laboratory (Laboklin). AMH serum concentrations were
determined using a chemiluminescence immunoassay
on Cobas E602 analyser (Roche) using murine anti-AMH
antibodies. The AMH test was validated for cats (intra-
assay 1.8 %; inter-assay 7.4 %). Recovery of human AMH
standard added to feline plasma showed changes in
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Table 1 Breed, age, body weight, time span between initial spaying and reoccurrence of heat signs, histology of the
ovarian tissue and the anti-Mullerian hormone concentration of the cats with suspected ovarian remnant syndrome
included in the study

AMH = anti-Mdllerian hormone; BSH = British Shorthair; ESH = European Shorthair

optical density parallel to the AMH standard curve. The
minimum detection limit of the AMH test was 0.01ng/ml
and the maximum detection limit was 23ng/ml.

Progesterone was measured with an automated
enzyme linked fluorescent assay (MiniVidas; Biomerieux).
Concentrations below 2ng/ml were interpreted as base-
line; concentrations above 2ng/ml confirmed active
luteal tissue.

Histopathological examination

The removed tissue was measured and inspected grossly
in detail with a focus on size, cut surface and colour. It
was cut in slices and representative sites were embedded
in paraffin according to standard procedures, sectioned at
3—4pm and stained with haematoxylin and eosin (H&E).

Statistical analysis

The statistical analysis was carried out with IBM SPSS
26.0 software. The data were checked for normal dis-
tribution using the Kolmogorov-Smirnov test. Since a
normal distribution was not given, the non-parametric
Kruskal-Wallis test with post hoc adjusting according
to Bonferroni was used for group comparison. The data
were visualised by using a dot plot with an overlying box
plot. As specifications of the distribution the mean value,
standard deviation, median and range of the metric

parameters were determined. The level of significance
was P <0.05.

Results

Ultrasound examination confirmed the suspicion of rem-
nant ovarian tissue in 11/13 cats (cats 1-3, 5-12, 14 and
15) (Table 1). In all of the vaginal swabs (cats 2, 3, 8, 9, 11,
14 and 15) the presence of superficial cells demonstrated
a clinically relevant secretion of oestrogen. In one queen,
the progesterone concentration was above 2ng/ml at the
time of first presentation (cat 14). The induction of ovula-
tion in two cats resulted in a progesterone concentration
above 2ng/ml 6 days after treatment (cats 3 and 8).

The histopathological examination of the excised tis-
sue (n=14) confirmed that there was, in fact, remnant
ovarian tissue. In 10 cases the ovarian tissue was located
on the left side, in one queen on the right and in another
one on both sides. In the two cases where cats underwent
laparotomy outside the clinic, the exact location of ovar-
ian tissue was not registered.

In 8/14 cats, the remnant ovarian tissue contained cor-
pora lutea and follicles in different stages (cats 8-15). In
cat 2 (Table 1) a whole ovary with corpora lutea in regres-
sion and small follicles was obtained. The ovarian tissue
of the remaining five cats had diverse cystic alterations
(cats 1 and 3-6).
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Table 2 Minimum, maximum, median and mean anti-
Mullerian hormone (AMH) concentrations with standard
deviation in sexually intact cats (group 1), spayed cats
(group 2) and cats with ovarian remnant syndrome
(group 3)

Group Number AMH concentration in ng/ml

Minimum Maximum Median Mean = SD
1 15 2.59 =22.96 8.46 8.95+5.25
2 10 <0.01 <0.01 <0.01 0.01x0.00
3 15 0.02 1.63 0.60 0.67+0.48
100 = p=0.001
E i p<0.001
] .
) ==
2 oal
0.01 ;— — — -
0001 |- | | [
intact spayed ORS

Figure 1 Box plot with an overlying dot plot of the anti-
Mullerian hormone (AMH) values in sexually intact cats,
spayed cats and cats with remnant ovarian tissue with a
logarithmic y-axis indicating the AMH concentration in ng/ml.
ORS = ovarian remnant syndrome

The results of the AMH determination in ORS cats
(n=15), ovariectomised cats (n=10) and intact cats
(n=15) are shown in Table 2. All of the completely ova-
riectomised cats had an AMH concentration below the
lower limit of the test (<0.01ng/ml) (Figure 1). The mean
AMH concentrations of the cats with ORS was signifi-
cantly higher compared with the spayed cats (P =0.025)
and significantly lower than sexually intact cats (P = 0.001).
Consequently, the mean AMH concentration of the sexu-
ally intact cats was significantly higher than that of the
spayed cats (P <0.001). There was no overlapping of the
AMH concentrations of the ORS cats with the sexually
intact cats and with the ovariectomised cats.

Discussion

ORS is well known in cats as a result of incomplete
removal of the ovaries during elective spaying, but the
clinical diagnosis can be challenging.!.2#

The suspicion for ORS arises when a previously
spayed cat is presented with heat signs and the vaginal
swab and/or serum oestrogen measurement confirms a
clinically relevant oestrogen secretion. While most ani-
mals with ORS show signs of heat shortly after the initial

spaying, the interval between spaying and heat signs can
be as long as 10 years.? In our study, 9/15 queens were
presented within the first 6 months after spaying, and in
one cat, the first heat signs occurred more than 5 years
after spaying. It must be emphasised that heat signs in
spayed cats can also be induced by exogenous oestrogens.
ORS should not be based on oestrogen-induced altera-
tions alone. One of the cats in the spayed group of this
study was presented because of heat signs after spaying.
Ultrasonography revealed signs of a cystic endometrial
hyperplasia, but remnant ovarian tissue was not detected.
The histopathological examination confirmed the ultra-
sonographic findings in the cat. In this case, the owner
had used an oestrogen spray to reduce the side effects of
her menopause. Exogenous oestrogens have the poten-
tial to induce behavioural and clinical signs of oestrogen
up to and including alopecia in dogs.!5?? This case indi-
cates that this is also possible in cats, and owners should
use oestrogen-containing sprays or creams carefully and
only on body parts that are not exposed to the animals.
Further, oestrous-like behaviour has been associated with
a hormonal active adrenocortical carcinoma in a spayed
cat.?® Thus, the value of diagnostic approaches such as
heat signs, vaginal smears or serum oestrogen determi-
nation depends on the definite exclusion of exogenous
oestrogen application and endogenous extraovarian oes-
trogen sources.

An additional approach to diagnose ORS in queens
with heat signs is the measurement of progesterone
several days after induction of ovulation with hCG™" or
gonadotropin-releasing hormone (GnRH). GnRH has
not been ascertained in cats with ORS; however, the
clinical use has shown its usability.'? When the queen is
not under the influence of oestrogen at the time of pres-
entation, oestradiol measurement after GnRH stimula-
tion or a semi-quantitative quick test for LH have been
described to verify the presence of ovaries, but these
studies were conducted with intact and ovariectomised
cats only.1314

The ultrasonographic visualisation of the remnant
ovarian tissue was successful in 13/15 cats in this study.
Ultrasonography seems to be a valuable clinical method
for the diagnosis of ORS, especially when combined with
behavioural signs of heat or vaginal smears containing
high amounts of superficial cells as described before.!5
However, ORS should not be excluded when remnant
ovarian tissue cannot be visualised during an ultrasound
examination because the reliability of an ORS diagnosis
with ultrasound depends on several factors: the equip-
ment and the experience of the veterinarian; the hormo-
nal activity of the ovarian tissue (eg, the formation of
follicles, corpora lutea, cysts or tumours); and the size of
the remnant ovarian tissue.’

It has been shown in dogs that AMH can be a useful
tool to differentiate sexually intact bitches from spayed
animals.?02! This study shows that AMH is also useful in
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identifying ORS in queens. It is believed that only four
cases of AMH determination in cats with ORS have been
described so far.1618 In three of these cases, the AMH
serum levels in ORS cats have been in-between the lev-
els of spayed and intact individuals, and in one case the
AMH concentration has not been mentioned. In the pre-
sent study, the AMH concentration differed significantly
between completely spayed cats and cats with ORS as
well as sexually intact individuals and ORS cats.

The highest AMH concentrations were measured in
the cats with cystic ovarian alterations (cats 1 and 3-6)
and in cat 2, which had a whole ovary left. In women,
AMH has been described as a marker for polycystic ovar-
ian syndrome with the highest sensitivity for anovulatory
polycystic ovaries.?* In contrast, in dogs? and cows,?®
cystic ovarian alteration seems to have no impact on
the AMH concentration. In cat 3, a luteal cyst combined
with a high AMH concentration was found; however,
it is unlikely that this type of cyst is the source of the
elevated AMH concentration, because the origin of AMH
is granulosa cells in follicles. Further research is needed
to examine a possible correlation between ovarian cystic
alteration and serum AMH concentration in the cat.

The two cats with the lowest AMH concentrations
(cats 14 and 15) had active luteal tissue. In bitches with
ORS it has been described that AMH may be low, when
the remaining ovarian tissue contains mostly corpora
lutea.?! This suggests that the AMH concentration may
be low in cats, when the remnant ovarian tissue mainly
consists of luteal tissue as described in dogs. Therefore, an
additional progesterone measurement may be helpful for
the diagnostic approach of the ORS, but further research
is needed.

Every diagnostic approach should be as low stress
as possible and the number of examinations, including
blood sampling and drug administration, should be kept
to a minimum. A possible scheme to diagnose ORS in cats
including AMH measurement is shown in Figure 2. A first
presentation during heat appears to be recommended.
At this time oestrogen-induced changes can be seen in

the gynaecological examination and follicular-like struc-
tures may be easier identified during ultrasonography. In
addition, induction of ovulation can be performed dur-
ing heat, and determination of progesterone several days
later leads to a definite diagnosis. In addition, this study
shows that a single blood sample and AMH determina-
tion helps to identify ORS in cats during heat as well as
at any other time.

The treatment of choice for ORS is the surgical removal
of the remnant ovarian tissue. Instead of conventional
laparotomy with a considerably longer surgical inci-
sion than required for elective ovariectomy, laparoscopic
treatment of ORS has also been described.’> However,
abdominal adhesions and enlargement of the ovarian
tissue due to pathological enlargement may complicate
a laparoscopic procedure. In addition, hysterectomy
cannot be performed via laparoscopy without enlarge-
ment of the incision.

In contrast to dogs, in which remnant ovarian tissue
is most often found on the right side,® there appears to
be no preferred location in cats, which supports the find-
ings of another report.* In this study, the remnant ovarian
tissue was found on the left side in 10 cases, on the right
side in one case and on both sides in one case. It has been
described that remnant ovarian tissue can revasculise in
other abdominal locations such as the omentum or the
peritoneum.’

In rare cases, ORS can be a result of anatomical specif-
ics. In cat 2, a uterine horn aplasia combined with a renal
agenesis was found on the left side. This is a previously
described congenital abnormality with a likely predispo-
sition in the Ragdoll,?” but also described in a domestic
shorthair.?® A genetic influence seems possible because
the occurrence has been described in littermates.?” Uterus
unicornus may occur with or without renal agenesis, but
all of the reported animals had two ovaries,*’ and affected
animals can become pregnant.?’ The left ovary of the cat
in this study was without an ovarian bursa or an oviduct
and had a subjectively longer, thinner and flatter appear-
ance than normal ovaries. Furthermore, the ovary seemed

heat signs no heat signs
|
, | ; ;
_________________________ vaginal swab: AMH basal ultrasound:
: superficial cells oestrogen ovarianlike
i ’ : structures
oestrogen ultrasound: induction of oestrogen
i follicle like ovulation stimulation
structures I :
exclusion of extra progesterone stimulated
ovarian oestrogen oestrogen

Figure 2 Diagnostic scheme for ovarian remnant syndrome in the cat. Prefered approach is shown in solid lines and others in
dashed lines. AMH = anti-Mullerian hormone; LH = luteinising hormone
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to be in a more cranial position and was more strongly
attached to the dorsal peritoneum than the ovaries of a
normal developed genital tract.

Female dogs with ORS seem to be predisposed to ovar-
ian alterations, primarily granulosa cell tumours.332 This
appears to be a rare finding in cats. Case reports described
aluteoma® and a granulosa cell tumour.? A thecoma com-
bined with behavioural signs of hyperandrogenism has
also been described.®'° None of the cats in this study had
ovarian pathologies other than cystic alterations, and all
of them showed typical oestrogen-induced heat signs at
the time of presentation or reported from the owner.

Conclusions

A single serum AMH determination is a useful diag-
nostic tool to identify cats with an ORS independent
of the hormonal activity of the remnant ovarian tissue.
Furthermore, serum AMH concentration enables the dif-
ferentiation between intact queens and cats with ORS,
which can be helpful in individuals with an unknown
history.

Acknowledgements We are thankful to the cat owners for
participating in the study and to Dr Britta Dobenecker for pro-
viding the cats for the breeding soundness examination. Fur-
ther, we want to thank Pauline Hans for her critical reading of
the manuscript.

Conflict of interest The authors declared no potential
conflicts of interest with respect to the research, authorship,
and/or publication of this article.

Funding The authors received no financial support for the
research, authorship, and/or publication of this article.

Ethical approval The work described in this manuscript
involved the use of non-experimental (owned or unowned)
animals. Established internationally recognised high standards
(‘best practice’) of veterinary clinical care for the individual
patient were always followed and/or this work involved the
use of cadavers. Ethical approval from a committee was there-
fore not specifically required for publication in JFMS. Although
not required, where ethical approval was still obtained, it is
stated in the manuscript.

Informed consent Informed consent (verbal or written)
was obtained from the owner or legal custodian of all animal(s)
described in this work (experimental or non-experimental
animals, including cadavers) for all procedure(s) undertaken
(prospective or retrospective studies). For any animals or peo-
ple individually identifiable within this publication, informed
consent (verbal or written) for their use in the publication was
obtained from the people involved.

ORCID iD Sven Reese
9791
Beate Walter

https:/ /orcid.org/0000-0002-4605-

https:/ /orcid.org/0000-0003-3570-6620

References

1 Little S. Feline reproduction: problems and clinical chal-
lenges. | Feline Med Surg 2011; 13: 508-515.

2 Wallace MS. The ovarian remnant syndrome in the bitch
and queen. Vet Clin North Am Small Anim Pract 1991; 21:
501-507.

3 Rota A, Pregel P, Cannizzo FT, et al. Unusual case of uter-
ine stump pyometra in a cat. | Feline Med Surg 2011; 13:
448-450.

4 Miller DM. Ovarian remnant syndrome in dogs and cats:
46 cases (1988-1992). | Vet Diagn Invest 1995; 7: 572-574.

5 Ball RL, Birchard SJ, May LR, et al. Ovarian remnant syn-
drome in dogs and cats: 21 cases (2000-2007). | Am Vet Med
Assoc 2010; 236: 548-553.

6 Schlafer DH and Foster RA. Pathology of the genital system.
In: Maxie M (ed). Jubb, Kennedy & Palmer’s pathology of
domestic animals. Philadelphia: Elsevier, 2016, pp 359-464.

7 Demirel MA and Acar DB. Ovarian remnant syndrome
and uterine stump pyometra in three queens. | Feline Med
Surg 2012; 14: 913-918.

8 Cellio LM and Degner DA. Testosterone-producing thecoma
in a female cat. | Am Anim Hosp Assoc 2000; 36: 323-325.

9 DeNardo GA, Becker K, Brown NO, et al. Ovarian remnant
syndrome: revascularization of free-floating ovarian tis-
sue in the feline abdominal cavity. | Am Anim Hosp Assoc
2001; 37: 290-296.

10 Jones SA, Owens SL and Birchard SJ. Hyperandrogenism
associated with an ovarian remnant in a spayed female cat.
JEMS Open Rep 2019; 5. DOI: 10.1177/2055116919885698.

11 England GCW. Confirmation of ovarian remnant syn-
drome in the queen using hCG administration. Vet Rec
1997; 141: 309-310.

12 Binder C, Aurich C, Reifinger M, et al. Spontaneous ovula-
tion in cats-uterine findings and correlations with animal
weight and age. Anim Reprod Sci 2019; 209: 106167. DOI:
10.1016/j.anireprosci.2019.106167.

13 Axner E, Gustavsson T and Strom Holst B. Estradiol mea-
surement after GnRH-Stimulation as a method to diag-
nose the presence of ovaries in the female domestic cat.
Theriogenology 2008; 70: 186-191.

14 Rholertz M, Stréom Holst B and Axner E. Comparison of
GnRH-stimulation test and a semiquantative quick test
for LH to diagnose presence of ovaries in the female
domestic cat. Theriogenology 2012; 78: 1901-1906.

15 Naiman JH, Mayhew PD, Steffey MA, et al. Laparoscopic
treatment of ovarian remnant syndrome in dogs and cats: 7
cases (2010-2013). | Am Vet Med Assoc 2014; 245: 1251-1257.

16 Fontes G and McCarthy R. Ovarian remnant syndrome in
a cat with ovarian tissue in the omentum. | Am Vet Med
Assoc 2020; 257: 631-634.

17 Axnér E and Holst BS. Concentrations of anti-Miillerian
hormone in the domestic cat. Relation with spay or neuter
status and serum estradiol. Theriogenology 2015; 83: 817-821.

18 Place NJ, Hansen BS, Cheraskin J, et al. Measurement of
serum anti-Miillerian hormone concentration in female
dogs and cats before and after ovariohysterectomy. | Vet
Diag Invest 2011; 23: 524-527.

19 Themmen A, Kalra B, Visser J, et al. The use of anti-
Miillerian hormone as diagnostic for onadectomy status
in dogs. Theriogenology 2016; 86: 1467-1474.


https://orcid.org/0000-0002-4605-9791
https://orcid.org/0000-0002-4605-9791
https://orcid.org/0000-0003-3570-6620

Flock et al

20

21

22

23

24

25

Turna Yilmaz O, Toydemir TSF, Kirsan I, et al. Anti-
Miillerian hormone as a diagnostic tool for ovarian rem-
nant syndrome bitches. Vet Res Com 2015; 39: 152-162.
Place NJ, Cheraskin JL. and Hansen BS. Evaluation of com-
bined assessments of serum anti-Miillerian hormone and
progesterone concentrations for the diagnosis of ovarian
remnant syndrome in dogs. | Am Vet Med Assoc 2019; 254:
1067-1072.

Ganz S and Wehrend A. Uptake of exogenous estrogen
as a differential diagnosis of ovarian-remnant syndrome
in a bitch: a case report. BMC Vet Res 2021; 17: 225. DOL:
10.1186/512917-021-02923-9

Meler E, Scott-Moncrieff ], Peter A, et al. Cyclic estrous-like
behaviour in a spayed cat associated with excessive sex-
hormone production by an adrenocortical carcinoma.
] Feline Med Surg 2011; 13: 473-478.

Carmina E, Campagna A, Fruzzetti F, et al. AMH measure-
ment versus ovarian ultrasound in the diagnosis of poly-
cystic ovary syndrome in different phenotypes. Endocr
Pract 2016; 22: 287-293.

Walter B, Coelfen A, Jager K, et al. Anti-Muellerian hor-
mone concentration in bitches with histopathologically
diagnosed ovarian tumours and cysts. Reprod Domest Anim
2018; 53: 784-792.

26

27

28

29

30

31

32

Monniaux D, diClemente N, Touzé ], et al. Intrafollicu-
lar steroids and anti-Miillerian hormone during normal
and cystic ovarian follicular development in the cow. Biol
Reprod 2008; 79: 387-396.

Paepe D, Saunders ], Bavegems V, et al. Screening of rag-
doll cats for kidney disease: a retrospective evaluation.
J Small Anim Pract 2012; 53: 572-577.

Carvallo F, Wartluft A and Melivilu R. Unilateral uterine
segmentary aplasia, papillary endometrial hyperplasie
and ipsilateral renal agenesis in a cat. | Feline Med Surg
2012; 15: 349-352.

Brookshire W, Shivley J, Woodruff K, et al. Uterus unicor-
nis and pregnancy in two feline littermates. [FMS Open
Rep 2017; 3. DOI: 10.1177/2055116917743614.

McIntyre R, Levy J, Roberts J, et al. Developmental uterine
anomalies in cats and dogs undergoing elective ovario-
hysterectomy. | Am Vet Assoc 2010; 237: 542-546.

Buijtels J, deGier ], Kooistra H, et al. Alterations of the pitu-
itary-ovarian axis in dogs with a functional granulosa cell
tumour. Theriogenology 2010; 73: 11-19.

Glinzel-Apel A, Buschhaus J, Urhausen C, et al. Clinical
signs, diagnostic approach and therapy regarding the
ovarian remnant syndrome in the bitch [article in German].
Tieriirztl Prax Ausg K Kleintiere Heimtiere 2012; 40: 35—42.



