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A 15-year-old, spayed female domestic shorthair cat was evaluated for 1-year
duration of cyclic intermittent estrous behavior. Diagnostic testing performed
before referral, including baseline progesterone concentration, human chorionic
gonadotropin (hCG) hormone stimulation test and surgical exploratory
laparotomy, had remained inconclusive for a remnant ovary. Evaluation of sex
hormones before and after adrenocorticotropic hormone (ACTH) administration
revealed increased basal concentrations of androstenedione, estradiol,
progesterone, and 17a�hydroxyprogesterone and normal ACTH-stimulated
hormone concentrations. Enlargement of the right adrenal gland was identified
by abdominal ultrasound. The cat underwent an adrenalectomy and
histopathology of the excised adrenal gland was consistent with an
adrenocortical carcinoma. Clinical signs resolved immediately following
surgery, and most hormone concentrations declined to within or below the
reference interval (RI) by 2 months after surgery.
Date accepted: 14 February 2011 � 2011 ISFM and AAFP. Published by Elsevier Ltd. All rights reserved.
A
15-year-old, female, spayed domestic short-
hair cat was referred to the Purdue University
Veterinary Teaching Hospital (PUVTH) for

recurrence of cyclic estrous behavior which had started
1 year prior to presentation. Clinical signs included
posturing, licking the vulva, vocalizing, rolling on
the ground and head rubbing, and occurred regularly
every 2 weeks. The clinical signs were reported to be
similar to the period of estrous the cat had exhibited
at 6 months of age prior to ovariohysterectomy. The
owner reported no possible exposure to exogenous es-
trogens. An initial diagnostic evaluation including
vaginal cytology, human chorionic gonadotropin
(hCG) stimulation test, and an exploratory laparotomy
had failed to reveal evidence of an ovarian remnant.

Upon presentation at the PUVTH, the cat was bright,
alert and responsive. The owner reported estrous behav-
ior at homeat the timeofpresentation.Physical examina-
tion was normal except for a decreased body condition
n@purdue.edu

� 2011 ISFM a
score (2 out of 5) and aggressive behavior. A complete
blood count, serum biochemical profile, and urinalysis
were unremarkable apart from mild hyperglobulinemia
(4.2 g/dl; reference interval (RI) 2.3e3.8 g/dl), hypokale-
mia (3.3 mmol/l; RI 3.5e5.1 mmol/l) and thrombocy-
topenia (209� 103/ml; RI 300e700� 103/ml). The
specific gravity of the urinewas 1.015. Vaginal cytology
showed the presence of some superficial cells. A mod-
ified hCG stimulation test was performed while the cat
was exhibiting signs of estrous using 500 IU of hCG in-
jected intramuscularly. Blood samples were collected
for measurement of progesterone concentration at
baseline andday 15, andmeasurement of estradiol con-
centration at 30, 60, 120 and 240 min after hCG admin-
istration. Baseline progesterone concentration was
0.5 ng/ml (RI< 0.35 ng/ml) and 0.6 ng/ml 2 weeks
after hCG injection which was inconsistent with luteal
activity. Baseline estradiol concentration was high at
97.2 pg/ml (RI 56e74 pg/ml) and estradiol levels did
decrease slightly after injection of hCG (concentrations
at 30, 60, 120 and 240 min were 101.6, 78.3, 61.8 and
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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72.5 pg/ml, respectively). However, the negative re-
sponse of progesterone to hCG stimulation indicates
that an ovarian remnant was not present. Thoracic
and abdominal radiographs were unremarkable. Ab-
dominal ultrasound revealed that the right adrenal
gland was larger than the left (right adrenal thickness
0.70 cm; left adrenal thickness 0.36 cm) (Fig 1a). Re-
ported normal values for cat adrenal thickness are be-
tween 0.30 cm and 0.55 cm.1 The right adrenal gland
was rounded in appearance with a hyperechoic echo-
texture. No evidence for an ovarian remnant was
found. Concentrations of cortisol, androstenedione, es-
tradiol, progesterone, 17a�hydroxyprogesterone, al-
dosterone, and testosterone were measured before
and after intravenous administration of 125 mg of syn-
thetic adrenocorticotropic hormone (ACTH) (Table
1)5. Abnormalities included suppression of the post-
ACTH cortisol concentration and increased baseline
concentrations of estradiol, androstenedione, proges-
terone and 17a�hydroxyprogesterone (sex hormones).
Post-ACTH concentrations of these hormones were
within the RI. A low-dose dexamethasone suppression
Fig 1. Ultrasonographic evaluation of the adrenal glands.
(a) Ultrasound image of the left adrenal gland. The left adre-
nal appeared normal shape, echogenicity and size (0.36 cm).
(b) Ultrasound image of the right adrenal gland. The right
adrenal gland appeared rounded and its thickness was
1.03 cm [0.30e0.55 cm being the normal range in cats].
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Fig 2. Photograph of the right adrenal gland at the time of
surgery. (a) The right adrenal gland in its anatomical posi-
tion. The adrenal gland (arrow) appeared as a rounded
structure craniomedially to the right kidney and adjacent
to the caudal vena cava. (b) The excised right adrenal gland.
The excised adrenal gland appeared rounded and larger
than normal, around 1 cm in diameter.
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test (using 0.1 mg/kg dexamethasone IV) was normal
[basal cortisol 2.54 mg/dl (RI 1.8e3.7 mg/dl) and 8 h
post-dexamethasone injection less than 1.00 mg/dl (RI
0.0e1.9 mg/dl)]. Endogenous ACTH concentration
was within the RI (33.4 pg/ml; RI 10e45 pg/ml).2

An estradiol secreting adrenal tumor was suspected
as a cause for the clinical signs. However, due to the
lack of support in the literature for cyclic estrous-
like signs related to adrenal tumors in cats, and the ab-
sence of life-threatening illness, re-evaluation in 2months
was recommended. Two months later, the clinical signs
had become more severe and were now persistent. Re-
evaluation of the right adrenal gland by ultrasonography
showed increased adrenal gland size (1.03 cm) (Fig 1b).
An exploratory laparotomy and adrenalectomy were
performed.

At laparotomy, no evidence of an ovarian remnant
was identified. The right adrenal gland was enlarged
and rounded while the left adrenal gland was small
and irregular. A right adrenalectomy was performed
(Fig 2a and b). Histopathology revealed a large nodule
almost completely replacing the normal adrenal archi-
tecture (Fig 3a). Neoplastic cells formed disorganized
cords surrounded by delicate stroma and numerous
capillaries. Tumor cells multifocally infiltrated normal
adrenal tissue (Fig 3b). Neoplastic cells were pleomor-
phic with abundant eosinophilic or vacuolated
cytoplasm, and large round vesicular nuclei with prom-
inent central nucleoli. Karyomegalic cells were common
and there were rare multinucleate giant cells (Fig 3c).
There was one mitotic figure per 400� field.
A diagnosis of adrenocortical carcinoma was estab-
lished. Postoperatively the cat was treated with one
dose of dexamethasone (0.1 mg/kg IV) and cefazolin
(22 mg/kg IV q12 h). The rationale for the administra-
tion of glucocorticoid was the blunted cortisol response
after ACTH stimulation. The postoperative recovery
was uneventful and the cat was discharged 36 h after
surgery on a tapering dose of prednisone (0.2 mg/kg/
d for 3 days then 0.1 mg/kg/d for 3 days and 0.1 mg/
kg every other day for four doses) and buprenorphine
(0.01 mg/kgPOq6 h for 3days).Clinical signsof estrous
resolved within 24 h after surgery and did not recur.

Sex-hormone concentrations were re-evaluated 4
and 8 weeks after surgery (Table 1). Basal and post-
ACTH estradiol concentrations were still increased
above the reference interval (RI) at 4 weeks but had
declined to near the RI by 8 weeks after surgery.

The cat was diagnosed with chronic renal failure 10
months after surgery and was euthanased after pro-
gression of clinical signs. Abdominal ultrasound at
that time showed no evidence for tumor regrowth
and the left adrenal gland was unchanged ultrasono-
graphically. An ACTH stimulation test performed at
the time of that evaluation revealed normal estradiol
concentrations and normal resting cortisol. The post-
ACTH cortisol was low (41.1 ng/ml).

Differential diagnoses for hyperestrogenism in cats in-
clude anovarian remnant, estrogen-secreting tumoror ex-
posure toexogenousestrogens.To theauthors’knowledge
this case is the first report of cyclic clinical signs associated
with an estrogen secreting adrenal tumor in a cat.

Functional adrenal tumors are rare in cats. Fifty per-
cent of these tumors are adrenocortical adenocarci-
nomas and 50% are adrenocortical adenomas.2 The
majority of functional adrenal tumors in cats are associ-
ated with excessive secretion of glucocorticoids and re-
sult in clinical signs of hyperadrenocorticism (insulin
resistant diabetes mellitus, cutaneous fragility, alope-
cia, muscle weakness and pot-bellied appearance). Ex-
cessive production of other adrenal hormones such as



Fig 3. Histopathologic images of the excised right adrenal gland. (a) Histopathologic image of the adrenocortical carcinoma,
right adrenal gland. Subgross appearance.Most of the normal adrenal tissue has been replacedbyneoplastic cells.Hematoxylin
and eosin. Bar¼ 1.28 mm. (b) Histopathologic image of the adrenocortical carcinoma, right adrenal gland. Neoplastic cells (T)
infiltrate normal adrenalmedulla (asterisk). Normal adrenal cortex (solid circle).Hematoxylin and eosin. Bar¼ 250 mm. (c)His-
topathologic image of the adrenocortical carcinoma, right adrenal gland.Marked atypia of neoplastic cells characterized by ani-
socytosis and anisokaryosis, proeminent central nucleolus, and binucleation (arrow). Hematoxylin and eosin. Bar¼ 25 mm.
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mineralocorticoids (aldosterone) and sex hormones (es-
tradiol, testosterone, progesterone) either alone or in
combination has also been reported in association
with functional adrenal tumors in cats.3 The first case
report of an isolated progesterone-secreting adrenal
gland was published in 1999.4 The reason for presenta-
tion in this cat was non-pruritic bilateral truncal pro-
gressive alopecia. Since then, five other reports of sex-
hormone overproduction by the adrenal glands have
been published.5e9 Reported clinical signs included
signsof hypercortisolism,weight loss, palpable abdom-
inal mass, and urine spraying and aggressive behavior
in both a male and a female cat. The male cat with ag-
gression and urine spraying had increased baseline
concentrations of all measured sex hormones except
for estradiol and the female cat had increased baseline
concentrations of estradiol and testosterone. Post-
ACTH stimulation test results in themale cat (not avail-
able for the female cat) showed persistent elevation of
all sex hormones except for estradiol and progesterone
which were within normal limits. Out of these five
cases, a histologic diagnosis was obtained by surgical
removal of the abnormal adrenal gland in two cases
and at necropsy in one case. In two of the three cases,
an adrenocortical adenocarcinoma was identified, and
in the third one, an adrenocortical adenoma.5,6,9 In the
cat of this report, the association of hyperestrogenism
with the adrenal tumor was demonstrated by resolu-
tion of clinical signs and normalization of estradiol con-
centrations after surgical removal of the tumor.

The casedescribed in this report has some similarities
with the adrenocortical disease described in ferrets.10
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Most ferrets with hyperadrenocorticism produce
sex hormones (mainly androstenedione,
17a�hydroxyprogesterone, dehydroepiandrosterone
sulfate and estradiol) rather than cortisol.11 Depending
on the study, adrenocortical adenoma represents
15e65% of the cases; nodular hyperplasia 25e55% of
cases, and adrenocortical carcinoma 10e25% of the
cases.12 The first report of an estradiol secreting adreno-
cortical tumor in a ferret was published in 1993.13 The
clinical signs exhibited by this spayed female were an
enlargedvulva, generalizedalopecia andestrousbehav-
ior toward the male ferret of the household; these signs
were initially cyclic (every year in the spring) and be-
came continuous the third spring. Interestingly, the cat
in this report initially showed intermittent cyclic signs
that also became continuous over a 1-year period but
therewereno signsofvulvarenlargement or signsofhy-
percortisolism such as alopecia. The current hypotheses
for the high prevalence of adrenal disease in ferrets are
early-age gonadectomy, an artificially prolonged photo-
period and a possible genetic predisposition. Ferrets in
the United States that are neutered at an early age
(around 6weeks of age) have a higher incidence of adre-
nal disease than ferrets in the United Kingdom that are
not systematically neutered. The lack of negative feed-
back exerted by the sex hormones on the pituitary gland
inducesan increasedproductionof luteinizinghormone
(LH). The overstimulation of the adrenal tissue by LH
may stimulate cellular proliferation resulting in adreno-
cortical hyperplasia andpotentiallyneoplasia.14,15 Shoe-
maker et al (2002) using histochemical techniques,
identifiedLH receptors in the hyperplastic andneoplas-
tic adrenal tissuesof ferrets suffering fromhyperadreno-
corticism.16 Moreover, increased concentrations of
androstenedione and 17a-hydroxyprogesterone were
measured in ferrets with hyperadrenocorticism after
stimulation by gonadotropin-releasing hormone
(GnRH), supporting the role of the GnRH-LH axis.
Others have shown an association between early-age
neutering and adrenocortical neoplasia in both ferrets
and rodents.15 Recently, LH receptors have been found
in dogs on cells of both normal adrenal tissue and adre-
nocortical tumors. Although LH receptors did not
appear to be overexpressed in adrenocortical tumors
compared to normal adrenals, the pattern obtained
on histochemistry appeared different.17 The relation-
ship of these receptors to the high LH hormone level
identified in neutered dogs and sex-hormone secre-
tion by the adrenal glands is still unknown. However,
to suspect the implication of early spaying andneuter-
ing as a possible triggering factor for the development
of adrenocortical tumors in dogs, as it is true in ferrets,
sounds reasonable and warrants further studies.

In dogs with atypical Cushing’s disease, cortisol
levels are often normal or low while sex-hormone
levels are increased. Excessive sex hormone production
by adrenocortical tumors has already been reported in
this species; however, none of the cases described in the
literature had a predominance of estrogen production
nor were there any reports of estrous behavior.18,19
In humans, androgens appear to be the predomi-
nant hormones produced in females diagnosed with
sex hormone secreting adrenocortical tumors;20 in
males, feminization due to excessive adrenal estrogen
secretion is rare. There is one report describing estro-
gen synthesis by human adenocortical carcinoma
cells.21 In this study of human H295 adrenocortical
carcinoma cells, adrenal tumor cells had increased
aromatase and 17b-hydroxysteroid dehydrogenase ex-
pression both of which are necessary enzymes for the
synthesis of estradiol. Development of aberrant bio-
synthetic pathways may be the mechanism by which
adrenocortical neoplasms produce estrogens.22

Ovarian tumors in cats such as sex cord-stromal
tumors (granulosa-cell tumor and interstitial gland
tumors), germ cell tumors (dysgerminoma, teratoma)
and epithelial tumors (cystadenoma) may secrete estro-
gens and result in signs of estrous.23 Continuous signs
of estrous have been reported with granulosa-cell tu-
mors,dysgerminomasand luteomas.23,24Onecase report
described cyclic regular estrous behavior in a previously
neutered cat diagnosed with a teratoma of the right
ovary.Resolutionof clinical signswasassociatedwith ex-
cision of the tumor.25 The reason for the cyclic pattern in
that case or in the cat described in this report is unclear. In
ferrets that are susceptible to photoperiod, it can be hy-
pothesized that the pineal gland and melatonin play
a role in the pathophysiology of the intermittent signs.10

Remnant ovarian syndrome relates to the persistence of
functional ovarian tissue in a neutered animal; most com-
monly incats.Mostcasesarerelatedto incompleteremoval
of an ovary.26 The hCG stimulation test has been reported
to be useful for diagnosis of ovarian remnants in cats.27

hCGhas LH-like activity that induces ovulation ofmature
follicles. In the presence of ovarian tissue, hCG results in
decreasedestradiol and increasedprogesterone concentra-
tions. In this case, the testwas useful to exclude an ovarian
remnant as a cause of the cyclic estrous behavior.

In the cat of this report, the estradiol concentration re-
mainedmarkedlyhighpre- andpost-ACTHadministra-
tion 1 month after tumor resection, although clinical
signs had resolved. Reasons for the persistence of high
estradiol concentrations include a false positive test
due to cross-reactivity or plasma interferencewith estra-
diol assay, inter-assay variability, binding of estradiol to
serum binding proteins, tissue estradiol sequestration
and slow release or less likely production by other sour-
ces such as adipocytes or hair follicles. The half-life of es-
tradiol in cats is unknown. In humans, the half-life of
estradiol is 2.7e13 h; however, this value doesn’t take
into consideration the protein-bound fraction and possi-
ble tissue sequestration and gradual release. Clinical ex-
perience with cases of exposure to estrogen-containing
cream in dogs suggests that the serum estradiol concen-
trations remain high for weeks to months (Jack Oliver,
personal communication, Professor and Director, Clini-
cal Endocrinology Services, College of VeterinaryMedi-
cine, The University of Tennessee). In the cat of this
report, baseline estradiol concentration had returned to
within the RI by 2 months after surgery.
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The blunted cortisol response to ACTH stimulation
in this case was highly suggestive of excessive sex-hor-
mone production. This has been previously described
in dogs and cats with adrenocortical tumors and exces-
sive sex-hormone production.18 The pathophysiologic
mechanism underlying this decreased cortisol produc-
tion is hypothesized to be that the excessive sex-hor-
mone production has a negative feedback on the
hypothalamic-pituitary axis. Another possible expla-
nationwould include an altered cortisol synthesis path-
way. As previously discussed, some enzymes, such as
aromatase and 17b-hydroxysteroid dehydrogenase,
can be upregulated in adrenal tumor tissue, but others,
such as 21b-hydroxylase or 11b-hydroxylase which are
required for normal steroid synthesis, can be defi-
cient.18 The reason why the blunted cortisol response
was persistent at the 2-month re-check is unknown.

In conclusion, adrenocortical neoplasia should be
considered in the differential list of diseases for
a spayed cat with cyclic estrous behavior.
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