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Abstract : A retrospective study of 17 dogs with hyperadrenocorticism (HAC) was performed to evaluate the clinical
and clinicopathological outcomes in dogs with pituitary-dependent HAC or adrenal gland-dependent HAC. Sixteen dogs
were monitored at day 10, 30 and 90 then every 3 month after first presentation. In each examination, physical
examination and ACTH stimulation test and client questionnaire were performed. In 17 cases, eight dogs were
successfully treated with mitotane therapy (median dose 16.7 mg/kg; range 5.3 to 50 mg/kg, SID); another one dog
showed favorable response, but the clients declined to further treatment before the full control of the disease had been
achieved; four dogs showed poor response to treatment. One dog was euthanized due to septicemia. These results
showed canine HAC can be medically managed successfully without side effects at the doses used in this study.
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Introduction

Hyperadrenocorticism (HAC) or Cushing’s disease is one
of the most commonly-occurring endocrinological disorders
in dogs. A variety of clinical signs are caused by elevated
serum cortisol levels, which arise from the underlying abnor-
mality in the pituitary or adrenal glands (20). HAC in dogs is
differentiated to pituitary-dependent hyperadrenocorticism
(PDH) and adrenal tumors (ATs), which accounts for approx-
imately 85 % and 15 % of cases respectively (2). A pituitary
tumor secretes excess corticotrophin, which, in turn, stimu-
lates adrenal gland secretion of cortisol. The anterior lobe of
pituitary gland is involved in 80 % to 85 % of PDH cases.
ATs secrete excess cortisol in an automatic manner. These
tumors are reported to be approximately 50 % benign and
50 % malignant (2).

In general, clinical signs are relatively similar in both PDH
and ATs (7,20). Occasionally, a large pituitary tumor can
cause neurologic signs of a space-occupying nature (13).
However, the plans for treatment are different depending on
the location of the lesions. For instance, adrenalectomy can
be performed as an option for therapy in ATs, and for PDH,
hypophysectomy may be chosen (20). Medical therapy can
also vary with types; for example, selegiline can be only
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option for PDH (20), and response to therapy with mitotane
is different for PDH and ATs (11,12). Thus, it is important to
differentiate between PDH and ATs for optimal treatments of
HAC in dogs. Since no test for the diagnosis or differentia-
tion of HAC is perfect, retrospective study for comparing
among the clinical signs, anatomical etiology, results of tests,
and responses to medicine provides vital information for
accurate diagnosis and treatment. To our knowledge, there
have been no retrospective studies of canine HAC associated
with clinical finding, diagnosis and treatment response in
Korea.

The purpose of this study is to evaluate the clinical and
clinicopathological outcomes in seventeen dogs with natu-
rally occurring PDH and ATs.

Materials and Methods

Cases

This study is a retrospective analysis of data from dogs
presented to the Department of Veterinary Internal Medicine,
Veterinary Medical Teaching Hospital (VMTH) of Konkuk
University between May, 2002 and April, 2005. Each dog
has been suspected of having HAC on the basis of history
and the results of physical examination, complete blood
count, serum biochemical analysis, and urinalysis. The final
diagnosis of HAC have been made with at least one abnor-
mal result of following screening tests in the dogs
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Adrenocorticotropic hormone (ACTH) stimulation test

Heparinized blood samples were collected before, and 1 hr
after the intramuscular administration of 250 pg of tetracos-
actrin (Synacthen®, 0.25 mg, IM, Novartis Pharma, Swiss).
Post-ACTH plasma cortisol concentration greater than 20 pg/
d/ were consistent with diagnosis of HAC.

High dose dexamethasone suppression test (HDDST)

The HDDS test is performed to distinguish between ADH
and PDH. Each of the following two criteria was considered
as a proof of adrenal suppression in a HDDST (indicative of
PDH): a four-hour postdexamethasone plasma cortisol con-
centration less than 50% of the basal plasma concentration or
a four-hour postdexamethasone plasma concentration less
than 1.4 pg/dl. To be included in this study (i.e., suspect
ADH), each dog must have had test results indicative of no
suppression.

Ultrasonography

The dogs were placed in dorsal recumbency. None of the
dogs were sedated or anesthetized. A real-time mechanical
sector scanner with a 7.5-megahertz (MHz) transducer was
used. Ultrasonographic examination of the adrenal glands
was taken as according to the procedure described by Saun-
ders (20).

An adrenal gland tumor was defined as adrenomegaly with
loss of the normal shape and structure. Tumor size was deter-
mined by measuring the greatest craniocaudal and dorsoven-
tral dimension in a longitudinal plane.

Contralateral adrenal glands were also measured in the lon-
gitudinal plane. Length was defined as the greatest cranio-
caudal dimension, and thickness was defined as the greatest
dorsoventral dimension perpendicular to the long axis.

Magnetic resonance imaging (MRI)

Brain MRI scanning of one case was performed with a 0.2-
Tesla scanner (E-scan®; ESAOTE, Genova, Italy) to confirm
the PDH. TI-and T2-weighted images were obtained in
transverse, sagittal, and dorsal planes.

Results

During the study period, HAC was diagnosed in 17 dogs
based on history, clinical examination, routine blood analy-

Table 1. Breed distribution in the 17 cases with naturally
occurring canine hyperadrenocorticism (HAC)

Breed proportions of HAC in 17 cases

Breed
Number Percentage
Miniature pinscher 1 5.8
Mixed breed 3 17.6
Pomeranian 3 17.6
Toy poodle 3 17.6
Yorkshire 7 412

Total 17 100

sis, dynamic endocrine studies, and MRI.

The number and percentage of breeds of dogs investigated
are described in Table 1. The incidence rate of canine HAC
was highest in Yorkshire terrier (41.2 %). Then there fol-
lowed in Pomeranian (17.6 %), Toy poodle (17.6 %), and
mixed breed (17.6 %), Miniature Pinscher (5.8 %) in order of
frequency.

Mean age of dogs affected with HAC was more than 10
years old (10.6 = 3.20 years; Fig 1). Eight (47.1 %) of
eleven dogs were female and nine (52.9 %) dogs were male.
Thus there was no significant difference in sex distribution
among cases. The mean body weight of the cases was
4.8 £ 2.6 kg (mean = SD) (ranged from 0.98 to 14 kg).
Housing environment of the case dogs was all indoor.

Post-ACTH cortisol was >20 pg/dl in fifteen cases in sev-
enteen dogs with 88 % sensitivity. HDDS was done in 13
cases of 17 dogs. Of them, 12 dogs was supposed to be PDH,
and one dog showed elevated cortisol level 8 hrs after high-
dose dexamethasone administration (Table 2).

Of 16 cases with mitotane therapy, 12 cases maintained
normal cortisol level. However, other four cases did not show
improved clinical signs. Of 12 cases showing favorable
response to mitotane therapy, one dog died for unknown rea-
son and another dog was euthanized due to septicemia. Fur-
ther mitotane administration was terminated in two cases due
to the appearance of hypoadrenocorticism and hepatitis
respectively. Eight dogs had been successfully managed for
8.4 = 3.7 months until April, 2005.

Not less than 50 % of the patient with HAC manifested
clinical signs including PU/PD, polyphagia, and skin prob-
lems at initial physical examination (Table 3). Abdominal
distension and muscle weakness were observed in five cases
of 17 dogs. Complicated diseases in cases of HAC at presen-
tation were cataract (53 %), respiratory disease (24 %), dia-
betes mellitus (18 %), and urinary tract infection (6 %) in
order of frequency (Table 3).

Ultrasonographic examination revealed right adrenal gland
mass in the case 6 which was diagnosed as ATs (Fig 2).

Percent of dogs

below 1 1-4 5-8
Age (years)

9 and over

Fig 1. Percentage of dogs in each age category with naturally
occurring canine hyperadrenocorticism (HAC). A total of 17
dogs with HAC from Konkuk University Teaching Hospital
were included.
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Table 2. Results of adrenocorticotropin hormone (ACTH) stimulation test and high dose dexamethasone suppression test (HDDST)
and therapeutic progress with mitotane in 17 dogs with hyperadrenocorticism (HAC)

Plasma concentration of cortisol (ng/d/)

Case ACTHST* HDDST Clatsisc:lf]'lca- Mitotane’  Complications
0 hr 1 hr 0 hr 4 hr 8 hr

1 33 42.1 ND ND ND Unknown NR

2 47 313 9.5 ND 0.7 PDH 13 mo,  Death for
unknown reason

3 9.62 19.9 ND ND ND Unknown NR

4 12.3 28.1 ND ND ND Unknown NR

5 8.6 275 ND ND ND Unknown NR

6 3.6 92.8 4.8 3.2 53 ADH 14 mo.

7 3.5 25.6 27 1.8 12 PDH 12 mo.

8 6.5 235 1.4 ND 0.6 PDH 2 mo, Puthanized due to

septlcemla

9 0.8 18.6 3.8 ND 0.9 PDH 8 mo.

10 12 21.5 2.1 1.2 13 PDH 7 mo.

11 45 59.8 7.3 15 13 PDH 8 mo.

12 28 402 11.6 ND 52 PDH | mo, Hypoadrenocorti-

cism

13 6.5 30.2 4.6 0.9 0.8 PDH 6 mo.

14 34 30.2 1.2 0.5 0.5 PDH 1 mo. Hepatitis

15 0.8 20.9 1.6 0.7 0.7 PDH NT

16 1.1 24.6 6.6 0.9 0.7 PDH 2 mo.

17 6.6 30.2 9.5 ND 0.7 PDH 10 mo.

Mean £ SDY 440 £ 3.42 323 £ 19.7 434 £3.18 134+ 086 1.68 = 1.79

*ACTHST, ACTH stimulation test; "NR, No response to mitotane therapy; ' NT, this case was not treated by owner’s decline; *SD, Stan-
dard deviation. ' A period of mitotane administration.

Table 3. Manifestation of clinical signs and complicated .'“"' . :i - 7"*-'*—&"

diseases in 17 dogs with HAC at presentation

Clinical signs Affected cases (%)
Polyuria/polydypsia 11 (65 %)
Polyphagia/obesity 10 (59 %)

Skin problem 10 (59 %)

Abdominal distension 5 (29 %)

Muscle weakness 5 (29 %)
Complicated disease

Diabetes mellitus 3 (18 %)

Cataract 9 (53 %)

Urinary tract infection (UTI) 1 (6 %)

Respiratory disease 4 (24 %)

Fig 2. Ultrasound image in a sagittal plane. Right adrenal gland
mass (M) adjacent to right kidney (RK) was detected on ultra-
sonography (white arrows).

In MRI study, hyperintensified signal can be seen in tha-
lamic region suggesting pituitary tumor in sagittal and axial
view (Fig 3).

were the most frequently affected breed (41.2 %). This result

Discussion is consistent with other report (1). However, there was no
obvious difference in sex predisposition in this study.
Most of HAC cases in this study were small breed dogs at Diagnostic imaging including radiography, abdominal ult-

a median age of more than 10 years. Yorkshire terrier dogs rasonography, CT, and MRI can be useful to assess adrenal
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structure and differentiate the presence of an adrenal mass.
Although ultrasonography is not recommended for a screen-
ing test of HAC (2), it is of benefit in defining more precise
location and size of adrenal masses as is the case for ATs of
the present study. MRI has been used not as a differentiation
test but to assess the size of a pituitary mass in known cases
of PDH. In MRI study of canine PDH cases without neuro-
logic signs, a pituitary mass was often visualized. According
to several reports (3,6), typically, pituitary tumors with neu-
rologic signs were greater than 1cm in diameter, but a
Dachshund with a 5 mm-diameter mass also had the signs.
Most tumors are contrast enhancing on MRI (3,6).

The most common neurologic sign associated with canine
PDH is stupor (15). Other neurological manifestations were
not CNS specific and include lethargy, inappetence, and men-
tal dullness (22). The benefits of routine MR imaging screen-
ing of all dogs with PDH for a detectable mass have been
considered (3,6) because it would be difficult to distinguish
between large and microscopic pituitary tumors before the
onset of neurologic signs based on endocrine test results (13);
however, the clinical significance of a mass without neuro-
logic complications is unknown. In a one-year follow-up
study with 13 dogs affected by PDH, there is no way to pre-
dict which masses are likely to grow or become clinically
apparent (4).

Endocrine tests including ACTH stimulating test and

Fig 3. Magnetic resonance images (MRI) of the brain. T1-
weighted sagittal view (A) and axial view (B) of MRI. Hyper-
intensity is visible in thalamic region suggesting pituitary tumor
(white arrow).

HDDST were conducted to distinguish between PDH and
ATs (Table 2). Even though these tests need added expense
and time, differentiation should be done because knowing
which form is present is important in deciding which ther-
apy to use and in providing a prognosis. If mitotane is cho-
sen for treatment, dogs with an ATs should be given higher
induction and maintenance doses, and induction should con-
tinue for longer periods of time (7,12). In addition, the prog-
nosis in dogs with PDH is better than in those with ATs
(11,12).

The common clinical signs of the present dogs were poly-
uria and polydipsia, polyphagia/obesity, and skin problems.
Although most patients showed those clinical signs, these
signs were not always characteristic in every case. Espe-
cially, case 11 did not show any clinical signs. Thus, clinical
signs are not specific in dogs associated with HAC and
dynamic endocrine test is necessary for diagnosis.

On hematology, lymphopenia and neutrophilia were revealed
in approximately 41 % of the patients (Table 4). Alkaline
phosphatase activity was elevated in 76 % of the patients,
and hypercholesterolemia and hypertriglyceridemia were de-
tected in 35 % (Table 4).

Recurrent urinary tract infection is common problem in
dogs with HAC (20). In the present study, concurrent uri-
nary tract infection (UTI) was detected in only one patient.
Forty-six percent of dog with HAC is reported to be compli-
cated with concurrent UTI (10). Forrester (10) demonstrated
that urinary tract infection was presented in 46 % of dogs
with HAC in retrospective study of urinary infection with
HAC or diabetes mellitus or both. This result of our study
may be associated with usage of antibiotics prior to presenta-
tion. In addition, Forrester (9) suggested that urinary tract
infection of dogs was absent in experimentally induced
HAC.

The origin of the excessive cortisol production was mainly
pituitary gland tumor and PDH was diagnosed by both
ACTH stimulation test and HDDST in 11 of 13 dogs. Total
65 % of the HAC patients were diagnosed as PDH in this
study. The mean pre-ACTH cortisol concentration was
4.4 pg/dl and post-ACTH cortisol was 32.3 pug/dl. Reference
range of healthy dogs is 0.5-6.0 pg/dl and 6-17 pg/dl, respec-

Table 4. The frequency of clinicopathological abnormalities of
17 dogs with naturally occurring HAC

Complete blood counts Serum biochemistry

Erythrocytosis 29 % (5) Elevated ALP 76 % (13)
Leukocytosis 24 % (4) Elevated Tchol 41 % (7)
Lymphopenia 47 % (8) Hypegﬁlz"e“ 35 % (6)
Neutrophilia 41 % (7) Hyperglycemia 18 % (3)
Hypercalcemia 18 % (3)
Hypokalemia 12 % (2)

Parenthesis (), number of dogs in the present 17 cases with HAC;
ALP, Alkaline phosphatase; Tchol, Total cholesterol
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tively. In case of HAC dog, post-ACTH cortisol concentra-
tion might be more than 22 pg/dl. In HDDST, pre-dexame-
thasone cortisol concentration was 4.34 pg/dl and post-dex-
amethasone cortisol were 1.34 and 1.68 pg/dl in 4 hours and
8 hours after administration. Low dexamethasone suppres-
sion test is used for screening test for HAC in dogs, but its
diagnostic accuracy is reported to be lower than that of
ACTH (21) and showed no suppression in some cases with
ATs (16). In general, post-dexamethasone cortisol is less than
1.4 pg/dl or < 50 % of baseline in HAC (2). Other than these
tests described above, the urinary cortisol/creatinine ratio had
a high diagnostic accuracy (17) and 17-OH-progesterone
response to ACTH administration can possible another value
for undiagnosed cases of ATs (5,16,18).

Mitotane therapy is generally more required in ATs than
PDH (7). In case of bilateral adrenocortical neoplasms in
dogs, the prognosis is poor because of persistent HAC dur-
ing mitotane therapy (8). Relapse rate in ATs is high (63 %)
in spite of high maintenance dosage (98.1 - 212.4 mg/kg/wk)
(12) while relapse rate in PDH was reported to be 55 % (11).

Sixteen of the 17 patients were received medical treatment
with mitotane. Except four patients, they showed good
response and successfully managed by mitotane therapy.
Recent study demonstrated that trilostane, a 3 beta-hydroxys-
teroid dehydrogenase inhibitors, was safe for treatment of
HAC with similar efficacy with mitotane therapy (14,19).

In conclusion, Yorkshire terrier was most frequently
affected breed and the age of onset was more than 9 years in
71 % of the dogs with HAC. Medical therapy can manage
HAC successfully if client is cooperative to treat this endo-
crinopathy. This result showed good efficacy of mitotane
without relapse compared to a previous report with approxi-
mately 50 % of relapse rate (11), and then could help veteri-
narians to use mitotane for the management of canine HAC.

Pituitary tumors are the main cause of canine HAC, and
older, small breed dogs have the predisposition factor. Close
monitoring and communication with the client are very
important in management of HAC. Additionally, canine
HAC can be managed effectively with medical therapy using
mitotane.
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