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Abstract

Case summary This case report describes a 9-year-old neutered male cat with a functional adrenal tumor showing
aggression toward other cats in the household, excessive meowing and urine spraying. The diagnosis was
made based on the clinical signs, an enlarged right adrenal gland on ultrasound, penile spines and elevated
sex hormones on an adrenocorticotropic hormone stimulation test. The cat was submitted to celiotomy and
adrenalectomy. Histopathological examination confirmed the adrenocortical adenoma. Three months after surgery
the penile spines disappeared and urine spraying, as well as excessive meowing, had greatly decreased; however,
aggressive behavior took much longer to stop and required behavior therapy.

Relevance and novel information Functional adrenal tumors producing only sex hormones and behavioral changes
are uncommon. The cat reported herein started showing behavioral changes before spines appeared on the penis,
and structural alterations in the adrenal gland at the abdominal ultrasonography were detected. Considering all
the possible implications resulting from severe behavior problems such as cat-cat aggression, from a permanent
separation of the cats to relinquishment, a detailed investigation of underlying medical mechanisms in these animals
is crucial from the start. Examinations may need to be repeated later in the course.
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Adrenal neoplasia is rare in cats, accounting for 0.2%
of all feline tumors.* Hyperaldosteronism is the most fre-
quent clinical syndrome observed in cats with adrenal

Introduction
Hyperadrenocorticism (HAC), hypoadrenocorticism,
functional adrenal tumors secreting catecholamine and /

or sex hormones and/or aldosterone are some of the
adrenal diseases reported in cats. HAC (Cushing syn-
drome), the most common of the adrenal disorders in
cats, can occur because of excessive function of either the
pituitary or adrenal glands. Less frequently, HAC in cats
can be secondary or iatrogenic due to the use of synthetic
glucocorticoids. There is no sex predilection and most
cats with HAC are middle-aged to older. The most com-
mon clinical signs observed in cats with HAC are poly-
uria, polydipsia, polyphagia, pendulous abdomen and
skin fragility. Some cats with HAC also have concomi-
tant diabetes mellitus.!-3
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In a retrospective study where 33 cats with adrenal
tumors were evaluated, 30 cats were diagnosed with
adrenocortical tumors. The most frequent clinical sign in
these cats was weakness. At least one endocrine testing
was performed in 25/33 cats. The results showed that
19/25 of the cats had a functional tumor. The diagnosis
included hyperaldosteronism (n = 16), hypercortisolism
(n=1), high estradiol concentration (n =1) and hyper-
secretion of more than one hormone (aldosterone, estra-
diol and progesterone; n=1).7

Cases of adrenal tumors in cats secreting sex hormones
have been published since 1999 and in most of these
cases, the tumors were secreting more than one adrenal
hormone.8-11

Functional adrenal tumors secreting only sex hor-
mones are even more uncommon in cats, with only six
cases reported so far. Two of these cats had tumors pro-
ducing sole testosterone, three cats had tumors producing
only estradiol and one cat developed an adrenal tumor,
which produced androstenedione and testosterone. All
the six cats had behavioral problems as the major com-
plaint (urine spraying, aggression and mounting).>101213

Inter-cat aggression and inappropriate urination are
the two most frequent feline behavior problems seen by
veterinary behaviorists worldwide and are common rea-
sons for relinquishment of cats to rehoming centers.!420
Aggression and inappropriate urination can also be
manifestations of medical problems. For instance,
aggression can be a manifestation of pain,?' and urine
spraying is observed in cats with lower urinary tract dis-
eases.?>2* However, previous papers have claimed that
spraying is less likely to be linked to a medical condi-
tion.?> Before establishing a sole behavior diagnosis, is
always recommended to exclude medical causes of
aggression and/or urine spraying. For this, a complete
history and a physical examination are necessary.
Screening tests include a complete blood count (CBC),
urinalysis, biochemistry profile, imaging (ultrasound
and/or radiography) and others, depending on each
case. Moreover, before beginning the behavioral investi-
gation, one must determine if the cat is castrated or has a
retained testicle or ovarian remnant.?

Case description

A 9-year-old neutered male domestic shorthair cat
weighing 5.4 kg was evaluated for a major complaint of
a 3-month history of urine spraying, excessive meowing
and aggression toward other cats in the household. The
cat had always lived in the same multi-cat group but had
never shown any behavioral problems before. Conflicts
with the other cats were so intense that the owners had
to separate several fights, and had suffered severe bites
as redirected aggression by the cat. At the time of the
consultation the owners were keeping the cat separated
from the rest of the group. Vocalization was also very

intense, mainly during the night, such that the owners
had been unable to sleep; urine marks were deposited
everywhere in the household.

The cat had been taken to a general practice 2 months
previously, when the behavioral signs increased. The
veterinarian detected pain in the sacral vertebrae during
physical examination. A presumptive diagnosis of
degenerative joint disease was made, and the cat was
treated with meloxicam (0.02mg/kg q24h for 10 days)
without any improvement. A neurologist was then con-
sulted, followed by a veterinary behaviorist who consid-
ered the behavior manifestations inconsistent with a sole
behavioral problem, and then referred the case to a spe-
cialized clinic.

At the first consultation with the feline specialist, after
a complete history was taken, the owner emphasized the
cat ‘was showing an intact male behavior” and aggression
was her major concern. The cat was alert, difficult to man-
age and showing signs of aggression when restrained.
The physical examination was suspended and resched-
uled for the next day. The owner was instructed to pre-
medicate the cat at home with gabapentin (100mg per cat
PO) 2h before arrival. At the physical examination spines
were not detected on the cat’s penis and an abdominal
ultrasound did not show any alteration. As the behavioral
problems persisted, a second appointment was scheduled
for 2months later. At that time spines were noted on exami-
nation of the penis (Figure 1). A second abdominal ultra-
sound was then performed, which showed an enlarged
right adrenal gland (1.11 X 0.42cm) and a hyperechoic nod-
ule in the cranial pole (Figure 2); the left adrenal gland was
within the reference interval (RI) for cats (0.86 X 0.33cm). A
CT scan was performed 3 days after the second appoint-
ment, and the right adrenal nodule was confirmed.

The following tests were also performed: CBC,
biochemistry profile, urinalysis, total thyroxine (T4)/
thyroid-stimulating hormone (TSH) and adrenal panel
(University of Tennessee Veterinary Medical Center
Diagnostic Laboratory Services, Knoxville, TN, USA).
Hormones assessed with an adrenal panel included pre-
and post-adrenocorticotropic hormone (ACTH; 60mins
after synthetic ACTH administration) concentrations
of cortisol, androstenedione, estradiol, progesterone,
17-OH progesterone, aldosterone and testosterone. A
low-dose dexamethasone suppression test was also per-
formed to rule out hyperadrenocorticism. No alterations
were observed in the CBC, biochemistry profile, urinaly-
sis, total T4, TSH and low-dose dexamethasone suppres-
sion tests. Results of the adrenal panel revealed a high
baseline serum concentration of androstenedione
(1.63ng/ml RI 0.1-0.6ng/ml), and remained elevated
after ACTH administration (3.88ng/ml; RI 0.5-2.8ng/
ml). Baseline testosterone concentration was high
(2.58ng/ml; expected <0.4ng/ml) and remained ele-
vated after ACTH administration (3.82ng/ml; expected
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Figure 2 Ultrasound image of a right adrenal gland with a
hyperechoic nodule in the cranial pole (arrow). Margins of the
nodule are demarcated by plus signs (one longitudinal and
two transversal measurements = 1.11 X 0.42 cm)

<0.4ng/ml). Baseline and after ACTH administration
concentrations of the other hormones (cortisol, estradiol,
progesterone, 17-OH progesterone and aldosterone)
were within the RIs (Table 1).

Results of the low-dose dexamethasone suppression
test revealed a baseline serum cortisol level (1.1ug/dl
RI 0.8-3.7ug/dl) within the Rls, and concentrations
remained normal after dexamethasone administration
(0.3pug/dl; expected <0.8ug/dl).

A presumptive diagnosis of sex hormone-secreting
adrenal tumor was made.

The owner was informed of the diagnosis and that an
adrenalectomy was indicated to treat the aberrant sex
hormone production. Seeking a solution for the behavio-
ral problem and expecting to stop the fights among the
cats, the owner accepted the adrenalectomy.

Abdominal exploratory surgery was undertaken to
remove the right adrenal gland. After a midline celiotomy
was performed, the right adrenal gland was dissected
carefully from the caudal vena cava and completely
removed from its anatomic location (Figures 3 and 4). To
avoid possible cortisol deficiency, dexamethasone (0.2mg/
kg IV) was administered prior to manipulation of the right
adrenal gland. The abdominal wall was closed and after
recovering from anesthesia the patient was sent to an
intensive care unit for pain control. Electrolytes, blood
pressure, temperature and signs of abdominal hemor-
rhage were also monitored during hospitalization.
Seventy-two hours after surgery, another ACTH test was
performed to evaluate the cortisol levels. Results revealed
baseline serum concentration of cortisol (1.4pg/dl; RI
0.8-3.7ug/dl) within the normal RI and remained normal
after ACTH administration (7.3pg/dl; RI 4-14.5ug/dl).
Histopathologic analysis of the right adrenal confirmed
the diagnosis of adrenocortical adenoma.

Ten days after surgery, the cat was fully recovered,
but the owner had not noticed any changes in its
behavior. She was informed that despite the surgery
the problematic behavior could take longer to improve.

Another adrenal panel was performed 3 months post-
operatively and the results showed a significant reduc-
tion in the previously elevated sex hormones
(androstenedione and testosterone). The baseline serum
concentration of androstenedione (0.23ng/ml; RI 0.1-
0.6ng/ml) was normal and remained normal after
ACTH administration (1.09ng/ml; RI 0.5-2.8ng/ml).
The baseline serum concentration of testosterone
(0.04ng/ml; expected <0.4ng/ml) was normal and
remained normal after ACTH administration (0.05ng/
ml; expected <0.4ng/ml) (Table 2). At this time, the
penile spines were not observed (Figure 5).

At this point, the owners reported that the cat had
greatly decreased urine spraying and excessive meow-
ing, but its aggressive behavior persisted. On a couple of
occasions, they allowed the cat to interact with the other
cats in the household, but this did not last more than a
few minutes as the cat rushed toward the others to fight.
Furthermore, severe attacks from one particular cat in
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Table 1 Results of the measurement of adrenal hormone concentrations before (TO) and 60 mins (T60) after
administration of synthetic adrenocorticotropic hormone (ACTH)

Test Result
(baseline)
Hormone T0
Cortisol (pg/dl) 0.95
Androstenedione (ng/ml) 1.63
Estradiol (pg/ml) 48.2

Progesterone (ng/ml) 0.1

17-OH progesterone (ng/ml) 0.09
Aldosterone (pg/ml) 21.8
Testosterone (ng/ml) 2.58

Results obtained before adrenalectomy
Rl = reference interval

RI Result RI
(post-ACTH)
T60
0.8-3.7 7.3 4-14.5
0.1-0.6 3.88 0.5-2.8
39.1-89.3 56.5 38.3-84
<0.7 1.67 0.7-4.6
0.08-0.3 0.69 0.2-1.6
3.3-261.3 143.5 38.8-474.5
<04 3.82 <04

Figure 3 Enlarged right adrenal (arrow) during laparotomy

the group occurred. Permanent separation was recom-
mended, and the case was referred to the veterinary
behaviorist who had seen the cat prior to surgery.
Behavior therapy was carried out, including the use
of an antidepressant agent (fluoxetine 1mg/kg q24h)
for the patient and for the other cat that was attacking it.
The aim was to add impulse control for both cats in
order to make behavior modification possible. There
was an environmental management plan according to
which the cat continued to be separated from the group
the whole time except for the behavior modification ses-
sions, which were performed several days a week. These
consisted of successive approximations between the cat
and the others, using exclusive toys and treats as posi-
tive reinforcers. Sessions progressed through three
phases — visual contact, physical contact, together for

Figure 4 Sagittal section of the right adrenal gland with the
nodule in the cranial pole (arrows)

long periods — according to the protocol proposed by
Ramos.'® Sessions took about 15-20 mins and were con-
ducted in the TV room and balcony as there was a glass
door dividing the two areas that served as a barrier for
the visual contact phase. During this phase toys were
scattered on both sides and owner stayed for a time on
one side playing with the patient while the others
played on their own on the other side of the door; the
owner then swapped to the other side and repeated the
same process. Sessions ended with the offer of a deli-
cious treat to all cats in the two areas. The two cats were
then habituated to wear a harness and leash in order to
add safety for the physical contact phase during which
they started to get close to each other. Praise, as well as
treats or play, were provided by the owner whenever
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Table 2 Results of the measurement of adrenal hormone concentrations before (T0) and 60 mins (T60) after
administration of a synthetic adrenocorticotropic hormone (ACTH).

Results obtained 3 months post-adrenalectomy
RI = reference interval

Figure 5 Penis without spines, 3 months after adrenalectomy

they got close and showed no aggression. When any
aggressive behavior occurred, the owner blocked the
interaction by placing a cushion between the two or dis-
tracting one of them with play while placing the other
further apart. This way fights were always prevented.
Reprimands or any other form of positive punishment
were never used. In the final phase, after playing and
eating closely as in the previous phase, the owner
extended the session by keeping the cats in the same
area while only monitoring them. A leash and harness
were no longer used, and session by session this time
together was increased until the cats could stay together
in the same room for long periods. A Feliway Friends
diffuser was used during most of the behavior therapy.

From the start of the behavior therapy, the owner was
scared of fights and being injured, and thus progression

of the behavior sessions was very slow. She went back
and forth, struggling to perform the sessions, having to
overcome her fears, and not believing the cats would end
up living together again. She even considered relinquish-
ing the cat but eventually abandoned the idea. During
these difficult times, she decreased or even stopped prac-
ticing the behavior sessions. Two years after surgery the
cat group was living together peacefully again. The
behaviorist helped the owner for the entire time until
both cats were weaned off the medication. The cats are
now living in the same house and even showing occa-
sional affiliative behaviors such as sleeping close together
and displaying no signs of cat-cat aggression.

Discussion

The diagnosis of an adrenal tumor producing sexual
hormones is based on a history of behavioral changes
and detection of penile spines in a neutered male with no
other remarkable findings. This is the second published
case of a cat with an adrenal gland tumor producing
androstenedione and testosterone. The patient reported
here showed several behavioral changes, including urine
spraying, excessive meowing and aggression toward
other cats. It was only after 5 months of showing such
behavior that spines were seen in the cat’s penis and an
enlarged adrenal was seen during a second abdominal
ultrasound. Clearly, behavior changes can appear much
earlier than physical signs. Therefore, medical causes
should be always considered in any behavior case, even
when there is a sole behavior complaint. It may be that
the physical signs are subtle or, as in this case, they have
not yet appeared. When the behavior problem is not
manifested in its usual forms as it was perceived by the
veterinary behaviorist in this case, it is worth repeating
medical examinations.

Together with other clinical findings and alterations in
the adrenal panel, a presumptive diagnosis of adrenal
tumor producing sex hormones was made. Physical and
behavioral changes can be the only clinical manifestations
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in cats with functional adrenal tumors producing sex hor-
mones. This is a rare condition, with only six cases
reported in the literature. The differential diagnosis for
cats showing signs of aggression toward owners and
other cats, urine spraying, mounting, rolling on the
ground, pacing and weight loss include adrenal tumors
producing sexual hormones, retained gonadal tissue,
administration of exogenous sources of hormones or
hyperthyroidism.?101213 At the two abdominal ultrasound
examinations performed in the patient here, an ectopic
testicle was not detected. Anti-Miillerian hormone could
also be used to exclude retained gonadal tissue as this
assay is 100% sensitive and specific for cats. Even though
this test was not performed in the patient, an ectopic testi-
cle had been considered unlikely from the start as the cat
was castrated at a very young age and had not demon-
strated any behavior signs of an intact male since castra-
tion. Exogenous hormones had never been administered
to the cat and the normal total T4 and TSH levels ruled out
hyperthyroidism.

Ultrasonography has been used as a diagnostic tool
for adrenal tumors in dogs and cats; however, as seen in
the cat reported herein, depending on the magnitude of
the adrenal mass it may pass undetected on ultrasound.
The abdominal CT scan is indicated to evaluate whether
there is invasion of the caudal vena cava, which is an
important prognostic factor.?”-2

Adrenalectomy, done by laparotomy or laparoscopy,
is the treatment of choice in cats with adrenal gland
tumors. There is no study comparing both procedures in
cats, but when survival rates are used to evaluate the
outcomes, cats submitted to laparoscopy have a higher
survival rate than those submitted to laparotomy.
Nevertheless, if intravascular invasion is suspected, a
laparoscopy is contraindicated.”303! The patient reported
here had no signs of caudal vena cava invasion at CT
scan, and thus should have been a candidate for laparos-
copy. However, the surgeon decided for laparotomy as
he was more familiar with this technique. Moreover, the
patient was in an excellent clinical condition, with a low
risk of post-laparotomy complications.

The survival rates of cats that undergo adrenalectomy
is variable. Some patients died in shortly after surgery,
while others lived longer.”13323 There are certainly
many variants that can interfere in the prognosis of these
cats, including clinical condition at the time of surgery,
comorbidities, hemorrhage and metabolic complica-
tions.3* Prognosis did not change by histopathologic
classification of adrenocortical tumor in the study where
33 cats with adrenal tumors were evaluated.” The patient
reported here was still alive 3 years after surgery.

The baseline serum concentrations of androstenedi-
one and testosterone of the cat reported here had
decreased to within the respective Rls 3 months after
surgery. Of note, the levels of these hormones should

have decreased much sooner. In a previous published
case of a cat with an adrenal tumor producing andros-
tenedione and testosterone, the authors observed a
decrease in hormone levels 2 weeks after surgery.’

The testosterone-driven behavior of an intact male
observed in the cat reported here was probably due to
excessive testosterone production and secretion by the
adrenal tumor or to the conversion of the androstenedi-
one to testosterone in peripheral tissues.” High levels of
androstenedione and testosterone were, indeed, detected
at the adrenal panel performed in the patient. Aggression
— to the point of the owner considering relinquishing the
cat — was the most prominent clinical sign observed in
the cat presented here.

Aggression between cats is the number one feline
behavior problem seen by behaviorists in Brazil, with
treatment being a real challenge for most owners.!¢-18
The more severe the conflicts the worse the deteriora-
tion of the cat-cat relationships and the poorer the
prognosis.?> Correction of the medical condition does
not always fix the behavior problem either immediately
or in the long term as while the disease causes the
behavior several other factors sustain it, such as learn-
ing processes. This being said, in cases where a medical
component is detected, the patient’s behavior should
be closely monitored, and behavior therapy considered
whenever the problem persists.

Whereas urine spraying and meowing involved only
the cat manifesting the behavior, cat—cat aggression is
manifested by two or more individuals. Surgery
decreased hormones as triggers for the attacks by the
patient, but the behavior from the others involved in the
fights were likely the same after surgery of the patient.
In other words, cats that were recipients of the aggres-
sive behavior of the patient exhibited behavior changes
(ie, aggression) themselves thus contributing to sustain-
ing the problem after the surgery. Additional behavior
therapy for the other cats was therefore required.
Indeed, urine spraying and meowing stopped soon
after surgery, but restoring the cat’s harmony in the
household took nearly 2 years and depended upon a
behavior modification plan and psychoactive agents.
Inter-cat aggression, even when there is a medical cause,
must be addressed and treated.

Conclusions

Considering all the possible implications resulting from a
household with cats showing severe behavior problems
such as cat—cat aggression, from a permanent separation
of the cats to relinquishment, a detailed investigation of
underlying medical mechanisms is crucial from the start
and examinations may need to be repeated later in the
course. Owners also need to be clearly advised that even
when a medical problem is detected, treatment does not
necessarily mean behavior signs will soon disappear.
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