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ABSTRACT:

Hyperadrenocorticism (HAC) is one of the most common endocrinopathies in dogs, caused by excessive synthesis of cortisol.
Atypical or occult HAC is a syndrome characterized by the presentation of clinical, biochemical, and imaging alterations
compatible with hypercortisolism, but normal results in endocrine tests that are conventionally used for HAC diagnosis. However,
these patients present high serum concentrations of precursors or other corticoadrenal hormones. The present study describes the
case of an 8 years old female canine, Bich6n Frisé, epileptic and treated with phenobarbital, presenting clinical signs associated
with HAC, in which the low-dose dexamethasone suppression test and stimulation with ACTH resulted within normal values.
The measurement of adrenal steroids, after ACTH stimulation, showed abnormal elevation of estrogen and progesterone, the
latter persisting after the patient was spayed. Treatment with trilostane allowed the reduction of progesterone levels and the partial
resolution of clinical signs. However, full clinical recovery was only achieved after the diagnosis and treatment of concomitant
hypothyroidism. The challenge that represent the diagnosis of atypical HAC highlights the importance of performing and having
availability of panels that include measurement of adrenal steroid hormones other than cortisol, as well as considering the
occurrence of other concomitant endocrine metabolic diseases.

KEYWORDS: Adrenal, canine, progesterone, steroids, trilostane.

RESUMEN:

El hiperadrenocorticismo (HAC) es una de las endocrinopatias més frecuentes en caninos, producida por la sintesis excesiva
de cortisol. El HAC atipico u oculto es un sindrome caracterizado por la presentacién de alteraciones clinicas, bioquimicas
e imagenoldgicas compatibles con hipercortisolismo, pero con resultados normales en las pruebas endocrinoldgicas utilizadas
convencionalmente para diagnéstico de HAC. Sin embargo, estos pacientes presentan elevada concentracién sérica de precursores
u otras hormonas corticoadrenales. El presente estudio describe el caso de una canina hembra, Bichén Frisé de 8 anos de edad,
epilépticay tratada con fenobarbital, presentando signos clinicos asociados a HAC, en la que el test de supresion con dexametasona
a dosis bajas y de estimulacién con ACTH arrojaron valores normales. La medicion de esteroides adrenales, post estimulacion
con ACTH, mostré elevacién anormal de estrdgenos y progesterona, persistiendo esta tltima después de que la paciente fuera
esterilizada. El tratamiento con trilostano permitié la disminucién de los niveles de progesterona y la resolucién parcial de los
signos clinicos. Sin embargo, la recuperacién clinica en su totalidad sélo se obtuvo después del diagnéstico y tratamiento del
hipotiroidismo concomitante. El desafio que representa el diagndstico del HAC atipico resaltalaimportancia de realizar y disponer
de paneles que incluyan medicién de hormonas esteroideas adrenales diferentes al cortisol, ademas de considerar la ocurrencia de
otras enfermedades endocrinas metabdlicas concomitantes.

PALABRAS CLAVE: Adrenal, canino, esteroides, progesterona, trilostano .
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INTRODUCTION

Hyperadrenocorticism (HAC) is a common endocrinopathy in dogs, representing more than 30% of
endocrine cases presented in clinical settings (1). It is estimated that 80-85% of cases are caused by
hypersecretion of adrenocorticotropic hormone (ACTH) mainly of pituitary origin, being called pituitary-
dependent HAC (HPD), or also ACTH-dependent HAC. Rarely, it may arise as a paraneoplastic syndrome,
secondary to ectopic ACTH-producing neuroendocrine tumors (2). The remaining 15-20% corresponds
mainly to adrenocortical tumors, or to less frequent causes, such as bilateral adrenocortical hyperplasia
generated by aberrant expression of hyperactive ectopic or eutopic hormone receptors (3).

The classic HAC clinical signs include abdominal distention, bilateral alopecia, muscular and cutaneous
atrophy, hepatomegaly, arterial hypertension, persistent panting, polyphagia, polydipsia and polyuria. The
most relevant hematological and serum biochemistry alterations include stress leukogram and elevation
of the activity of hepatobiliary enzymes such as alkaline phosphatase (ALP) and alanine aminotransferase
(ALT), in addition to the concentration of glucose, cholesterol and triglycerides. Urinalysis may reveal
proteinuria and reduced specific gravity (4, 5).

These findings are usually associated with hypercortisolism, however, they have been reported in patients
with negative results to conventional HAC diagnostic tests, such as low-dose dexamethasone suppression test
(LDDST), and the ACTH stimulation test (ACTHST). This syndrome is known as “atypical” or “occult”
HAC (AHAC), and has been widely debated in the literature, without a full clarification of its etiology,
as there is not enough scientific evidence to explain the pathophysiological mechanisms that produce the
clinical signs (6).

According to the 2012 ACVIM consensus statement for the diagnosis of HAC, AHAC is defined as a
“syndrome in which a dog apparently presents HAC based on anamnesis, physical examination and clinical-
pathological findings, but the LDDST, urinary cortisol: creatinine ratio (UCCR) and ACTHST result
within reference values” (3). In 2015, only 14 cases reported met the specified characteristics (4, 5). The last
one was published in 2017, in Germany (7).

The aim of this study is to report an AHAC case associated with hypothyroidism from the referral of the
patient to the Endocrinology Service of the Hospital of Veterinary Clinics of the Federal University of Rio
Grande do Sul, until the resolution of the case, illustrating the diagnostic complexity of the syndrome

PATIENT EXAMINATION

Anamnesis. An 8-year-old bitch, Bichon Frisé, sexually intact, was admitted to the Endocrinology Service
of the Hospital of Veterinary Clinics from the Federal University of Rio Grande do Sul. The owner reported
that few months ago the patient gained weight and was constantly panting, presenting polyuria, polydipsia,
polyphagia and non-pruritic abdominal alopecia. Additionally at home, it remained prostrate and very
sleepy. The patient was being medicated with S-adenosyl methionine (SAMe), a nutritional supplement
for liver patients, and phenobarbital (2.5 mg/kg BID) due to a previous diagnosis of primary epilepsy.
According to the owners, the patient had sporadic seizure episodes. Liver enzymes activity elevation had
not responded properly to the treatment with SAMe. Severe hypercholesterolemia (700 mg/dL), moderate
hypertriglyceridemia (240 mg/dL), mild non-regenerative anemia, and thrombocytosis (600x 10°/mm?)
were found in previous routine examinations. In a previously performed LDDST test, basal serum cortisol
was 0.26 pg/dL (reference value: 0.5-6 ug/dL), and 8 hours post-dexamethasone administration it was 0.07
ug/dL (reference value: <1.4 pg/dL), suggesting a negative result for HAC due to effective hypothalamic-
pituitary-adrenal axis inhibition.
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Clinical findings. Constant panting, potbellied abdomen difficult to palpate, truncal hypotrichosis,
alopecic abdominal skin, hyperpigmented, and comedones (Figures 1, 2). Body condition score (BCS) of
4/5, abdominal circumference: 61 cm. There were no other relevant findings on the clinical examination.

Diagnostic tests used. Basal blood samples were collected from the jugular vein of the patient, in EDTA
tube for complete blood count (CBC), and in glass tube without additives to evaluate free T4 by equilibrium
dialysis (fT4ed), cTSH and serum biochemical analytes (urea, creatinine, ALT, ALP, total cholesterol and
triglycerides). An ACTHST was performed, administering cosyntropin (5 pg/kg IV) and one hour later,
a blood sample was collected in glass tube without additives for measurement of cortisol, aldosterone,
total estrogen, progesterone, androstenedione and 17-hydroxyprogesterone (17-OHP). Analytes results are
shown in table 1. For ovarian hormones reference values for sexually intact females were considered.

TABLE 1
Values of serum biochemistry and endocrine analytes evaluated in the patient s first consultation.
Analyte Obtaned value Reference values
Urea (tg/dL) 21.16 10-40
Creatinine (mg/dL) 1.15 0.5-1.8
ALT (U/L) 59 21-102
ALP (UL 301 20-156
Total cholesterol (mg/dL) 821 135-270
Triglycerides (mg/dL) 360 32-138
fT4ed (ng/dL) 0.14 0.8-3
cTSH (ng/mL) 0.18 0.05-0.50
Cortisol post ACTHST (ngfmL) 66.8 60-170
Aldosterone post ACTHST (pg/ml) 604.93 70-750
Estrogens post ACTHST (pg/mL) 557.04 <70
Progesterone post ACTHST (ng/mL) 190.12 0-3.1
Androstenedione post ACTHST (ng/mL) 1.85 0.27-3.97
17-0OHP post ACTHST (ng/mL) 371 <4.2

The CBC showed normal results, except for the red blood cell count, which was 4.17x10¢/mm? (reference

value, 5.5-8.5x 10¢/mm?> ). The decrease in fT4ed was initially considered secondary to phenobarbital chronic
treatment. Abdominal ultrasound revealed hepatomegaly with hyperechoic parenchyma and moderate
quantity of sediment within the gallbladder. The adrenal glands presented usual echogenicity and adequate
dimensions, measuring the left 1.61 x 0.54 cm and 1.66 x 0.44 cm the right. No alterations were observed in
the ovaries, although a mild increase in size of the uterine horns (0.72 cm) was reported.

Treatment and evolution. The patient was spayed as a treatment for diagnosed hyperestrogenism.
However, four months after surgery, a new ACTHST was performed evaluating post-stimulation cortisol,
estrogen and progesterone due to the persistence of clinical signs, especially dermatological ones, as well
as biochemical alterations. Elevation in progesterone was observed (15.80 ng/mL, spayed female reference
value, <1.3 ng/mL), while cortisol remained within normal values (132.2 ng/mL) and estrogen decreased
to 0.13 ng/mL (spayed female reference value, <0.5 ng/mL). Treatment with trilostane was instituted
(0.7 mg/kg BID) associated with ursodiol (8 mg/kg PO BID). One month after starting treatment, there
was a reduction in post-ACTH cortisol and progesterone concentration (71.3 ng/mL and 2.14 ng/mL,
respectively). Clinically, polyuria and polydipsia decreased, as well as panting. Despite still potbellied, there
was a moderate decrease in abdominal circumference (55 cm). Abdominal skin was still pigmented, but
without comedones, and with few areas of hair growth. It should be mentioned that despite numerous
tegument characteristics associated with HAC were present, the patient did not show evident dermal

atrophy.
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Four months after starting trilostane treatment, alopecia and potbellied abdomen decreased significantly
(Figure 1). Trilostane dose was adjusted (0.9 mg/kg PO BID) due to overall laboratorial results and post-
ACTH cortisol concentration higher than the desired value for a patient under treatment (20-60 ng/
mL). Two weeks after the readjustment, thyroid status was reviewed. The fT4ed concentration was still
reduced (0.30 ng/dl), while the TSH was within the reference values. Sodium levothyroxine was instituted
(12 pg/kg PO SID) to normalize the low ft4ed concentration evidenced in previous analysis. One year
after starting trilostane and thyroxine treatment, the patient was clinically stable, presenting normal water
and food consumption, with resolution of abdominal alopecia, and mild abdominal distension (abdominal
circumference: 43 ¢m) allowing abdominal palpation (Figure 2). The CBC, serum biochemical analytes,
ACTHST, steroid profile and basal fT4ed were performed, all within reference values, except for ALP
activity (248 IU), probably induced by phenobarbital. The owners did not report recurrence of epileptic
seizures in the patient, who continued receiving treatment with phenobarbital, ursodiol, trilostane in doses
adjusted according to need, and levothyroxine. The patient deceased with 13-years old due to endocardiosis
and congestive heart failure complications not related with endocrine diseases control.

FIGURA 1
Vista ventral de la paciente. A la izquierda en la primera consulta, presentando abdomen

distendido, alopecia, hiperpigmentacién y presencia de comedones. A la derecha, cuatro
meses después del tratamiento con trilostano, con crecimiento piloso y menor distensién.
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FIGURA 2
Vista lateral de la paciente. A la izquierda en la primera consulta, se observa la evidente
distensiéon abdominal y el pelaje de mala calidad, con extremidades preservadas. A la derecha,
un afo después del tratamiento con trilostano y levotiroxina sintética, evidenciando
menor distensién abdominal, repigmentacién y notable mejoria en la calidad del pelaje.

DISCUSSION

According to the established by Behrend et al (3), the patient presented 7/9 of the most frequent clinical
signs associated with HAC, 4/7 of the less frequent signs, and several characteristic biochemical alterations
of the disease. The previously performed LDDST discarded HAC and before treatment with trilostane, post-
ACTH cortisol concentrations were within reference range. This fact plus to the persistent progesterone
elevation after sterilization, and the adequate response to treatment with trilostane, allowed to determine
the diagnosis of AHAC in this particular patient.

Usually, it is possible to diagnose HAC using the LDDST, which offers a sensitivity around 85% and
specificity of 80%, in contrast to the sensitivity of 80% and specificity of 64 to 86% of the ACTHST
(4). The risk of false positive is greater in geriatric patients, who may present clinical signs compatible
with HAC, caused by another disease. An extended LDDST was recently proposed for the diagnosis of
AHAC, performing the last measurement of cortisol 12 hours after administration of dexamethasone (0.01
mg/kg IV), however, there was no statistically significant difference between the cortisol concentration of
healthy patients and patients with suspected AHAC (6,8). The AHAC syndrome is potentially, the result
of outdated reference values for LDDST and ACTHST (4). However, even if more stringent reference
intervals were used for the LDDST and ACTHST tests in this case, cortisol was suppressed in the LDDST,
and there was no exacerbated cortisol response (value close to the upper reference limit) in the ACTHST.
In addition, patients treated with phenobarbital can have false positive results in the LDDST test due to the
inductive effect of this drug on metabolic liver enzymes (4), so these results must be interpreted with caution,
making an adequate correlation with the clinical picture.

Currently, the only test that allows diagnosis of AHAC is the ACTHST with subsequent steroid
hormones and cortisol precursors measurement. However, the concentration of cortisol precursors such
as 17-OHP, 21-deoxycortisol and 11-deoxycortisol can be highly variable, generating overlaps between the
values of patients with HAC, other diseases, and even healthy ones (9).

Recently, 17-OHP has been proposed as the precursor of choice in steroid hormone profiles for the
diagnosis of AHAC and for treatment monitoring (10). However, in the case, post-ACTH 17-OHP was
found within the reference values, explaining why this recommendation was ruled out. Patients with non-
adrenal neoplasms can also present high concentrations of 17-OHP, so the role of cortisol precursors in the
pathophysiology of the disease is a controversial issue that has not been elucidated yet (9, 11).
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The patient presented high serum concentrations of progesterone, even after being spayed. In canines and
felines, hyperprogesteronism per se may produce clinical signs similar to those seen in HAC and, in women,
it has been demonstrated that high levels of progesterone can displace cortisol from corticosteroid-binding
globulin (CBG), increasing the concentration of the free fraction, which exerts the biological activity (12).
In the study by Monroe et al. (13), in patients with HAC of adrenal, pituitary, and other non-adrenal origin,
the measurement of progesterone and 17-OHP reached sensitivity of 88% and 91%, respectively. However,
due to the low specificity of these two hormones (55 and 59%) it is not recommended to use them as routine
tests for HAC diagnosis, except in those cases where conventional tests show negative results and there is
strongly evidence suggesting HAC (4).

One of the most persistent paraclinical abnormalities in the patient was the decrease in erythrocyte count.
In alow proportion of dogs with HAC, erythrocyte membrane antiphospholipid antibodies were identified
(14), being an uncommon finding. The concomitant hypothyroidism in the patient, added to the chronic
disease process, could explain the anemia that resolved after the levothyroxine treatment.

The inhibitory action of endogenous glucocorticoids in the hypothalamic-pituitary-thyroid axis of
humans, rodents and canines has been widely described, demonstrating that management of HAC can solve
the problem. However, the influence of the elevation of other corticoadrenal steroids on the thyroid function
of patients with AHAC has not been described. In this case, the decrease in free T4 was initially attributed
to phenobarbital, which increases its hepatic metabolism. Phenobarbital could also have contributed to the
elevation of ALP, a characteristic biochemical alteration of the HAC that the patient presented until the
last performed tests. It is considered that hypothyroidism secondary to hypercortisolism is a consequence of
the pituitary suppression of TSH exerted by glucocorticoids (5), however, it is interesting that in this case,
TSH suppression was not detected. Moreover, a ¢ TSH within reference range does not rule out primary
hypothyroidism. Therefore, the continued suppressed fT4ed concentration even after adequate trilostane
therapy, and excellent clinical response to levothyroxine therapy were considered supportive evidence for
associated primary hypothyroidism in this patient.

The adequate response to trilostane treatment was a key element to confirm AHAC diagnosis.
Considering that there were no structures compatible with adrenal tumors on abdominal ultrasound,
trilostane treatment was suggested instead of mitotane to avoid the side effects of this medication. The patient
received low doses of trilostane, administered at a 12-hours interval according to the protocol proposed
by Feldman (15), achieving absolute resolution of the clinical signs, without side effects after several years
of administration. Treatment with trilostane at low doses, twice a day, has been shown to be effective in
patients with HAC of pituitary and adrenal origin. Trilostane decreases the synthesis of 17-OHP, however,
it is not recommended to control the effectiveness of the treatment, considering that some patients may
have an increase in this hormone (10). Even after medication and adequate management of the HAC, some
patients may present changes in the pigmentation of the coat, as seen in Figure 2. Histologically, there is
an increase in the proliferation of melanocytes in the stratum corneum, epidermis and dermis, however, the
physiopathological mechanism of this phenomenon has not been clarified (5).

The adrenal steroid profile is a useful tool for the diagnosis of patients with AHAC; however, it does not
replace the standard tests (LDDST and ACTHST) and should be used only when conventional tests results
are negative in patients with history and clinical signs compatible with HAC. Treatment using low doses of
trilostane demonstrated excellent efficacy in the control of the AHAC in the patient, encouraging its use in
patients with HAC of any origin, reducing the risk of adverse effects associated with the treatment, as long
as the owners follow the established administration times.
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