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The Secret Sits

We dance round in a ring and 
suppose,

But the Secret sits in the middle and 
knows.

Robert Frost





People:

Third most common intracranial tumor (10-15%) 

Incidentaloma’s in 1 in 6 adults (16 %)

Clinically apparent tumor in 1 in 1000 adults 

Tumors causing Cushing’s disease 1.2 – 2.4 per

1 million adults

Dogs:

Tumors causing Cushing’s disease 1.0 per 1,612 
dogs

90,000 – 100,000 new cases/year

Introduction



ACTH Dependent

Pituitary adenoma

80%

70%
Ectopic ACTH 10%

Ectopic CRH

ACTH Independent 20%

Adrenal adenoma 10%

Adrenal carcinoma 5%
Macronodular hyperplasia 

McCune Albright

Primary pigmented nodular

1-2 %

1-2 %

1-2%

Cushing’s in Man



ACTH Dependent

Pars distalis

85%

60%

Pars intermedia

ACTH Independent 10%

25%

Adrenal adenoma 5%

Adrenal carcinoma 5%

Meal/Food Induced 

Ectopic

Cushing’s in Dogs



Lack of diurnal variation of
ACTH and cortisol in dogs
and cats.

Episodic secretion of ACTH.

Estimated 90,000 – 100,000
new canine cases diagnosed
per year.

Pathophysiology



Chronic hypercortisolemia 
results in clinical signs of 
Cushing’s Disease

Pathophysiology



Pituitary carcinoma

Pituitary hyperplasia 

Adenoma of pars distalis

~70% of dogs with 
PDH

Adenoma of pars 
intermedia

~ 20 - 30% of dogs 
with PDH

Pathophysiology



Normal Pituitary Size

P/B ratio < .31 

Pituitary height

3.5 – 7 mm



Pituitary Size

Enlarged in 55 – 68 %

P/B ratio .32 - .67 

Tumors > 1 cm in 31 %

Neurologic signs with masses 
greater than 8.5 mm



Obesity 39-96%

Facial plethora 82-90%

Decreased libido 24-90%

Muscle weakness 60-82%

Menstrual irregularity 74-80%

Glucose intolerance 50-80%

Hypertension 62-78%

Hirsutism 72-75%

Psychiatric disorders 53-70%

Clinical Signs - Man



Polyuria 80%

Polydipsia 80%

Alopecia 80%

Polyphagia 70%

Hypertension 70%

Abdominal distention 60%

Panting 35 %

Obesity 25%

Behavior change 25%

Clinical Signs - Dog



Urinary free cortisol (UFC)

Late night salivary cortisol – outpatients 

Midnight serum cortisol – inpatients 

Dexamethasone suppression testing

24 hour urine cortisol 

8 am serum cortisol

Minimum of 2 positive test results

Diagnosis- Man



ACTH Stimulation Test

Low Dose Dexamethasone Suppression Test (LDDS) 

Urine Cortisol:Creatinine Ratio (UCCR)

Salivary Free Cortisol Testing 

Hair Cortisol Concentrations

Diagnosis - Dog



Plasma ACTH

Normal or high – ACTH dependent 

Pituitary MRI

Low – ACTH independent 

Adrenal imaging

ACTH Dependent – No pituitary mass

Bilateral IPSS to identify gradient. If no gradient:

Ectopic: CRH stim/HDDST, advanced imaging +/-scintigraphy

Discriminatory Tests - Man



Most commonly used tests:

ACTH concentrations 

HDDST

Ultrasonic examination of adrenal glands 

2-3 % incidence of incidentaloma

MRI

Discriminatory Tests - Dog



Etiology of PDH

Complex

Not completely understood 

Theories:

Evidence in man supports a primary pituitary 
abnormality

Most evidence in dogs supports a hypothalamic 
disorder



Screening for Genetic Mutations in Canine PDH

Gs alpha

H-, K-, N-ras genes

DNA-binding domain of the glucocorticoid receptor 

Tpit

No differences between control and affected dogs

Etiology of PDH



Recent evidence suggests dopamine may play a role in
regulation of the hypothalamic pituitary adrenal (HPA)
axis

Dopamine inhibits secretion of ACTH primarily from the 
pars intermedia

Dopamine appears to have an inhibitory effect on 
proopiomelanocortin, a precursor of ACTH in the pars 
distalis

Etiology of PDH





Clinical Signs of Canine Cushing’s Disease

Polyuria 

Polydipsia 

Polyphagia

Abdominal distention 

Panting

Obesity or redistribution of 
body fat



Change in activity level

Decreased exercise 
tolerance

Anestrus 

Testicular atrophy

Clinical Signs of Canine Cushing’s Disease



Dermatologic

Alopecia

Cutaneous hyperpigmentation 

Calcinosis cutis

Pyoderma 

Comedones

Clinical Signs of Canine Cushing’s Disease



Behavioral signs:

Change in greeting behavior 

Change in activity level 

Change in responsiveness 

Abnormal sleep/wake cycles

Clinical Signs of Canine Cushing’s Disease



Diagnosis of Canine Cushing’s Disease

Minimum data base

Pertinent history and clinical signs 

Serum chemistries, complete blood count 

Urinalysis

Urine culture

Supplemental Tests

Abdominal radiographs + ultrasound



ACTH Stimulation Test

Low Dose Dexamethasone Suppression Test (LDDS) 

Urine Cortisol:Creatinine Ratio (UCCR)

Salivary Free Cortisol Testing 

Hair Cortisol Concentrations

Diagnosis of Canine Cushing’s Disease



Screening Tests

Low Dose Dexamethasone Suppression Test

Diagnostic in 90% of dogs with PDH or ADH 

Requires 8 hour testing period

Cannot be used to diagnose iatrogenic Cushing’s 
disease



LDDS

Elevated 8 hour sample = HAC 

Compare 4 and 8 hour levels to Pre

50% suppression = PDH

Screening Tests
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ACTH Stimulation Test

Diagnostic in 80-85% of dogs with PDH or ADH 

Can be used to diagnose iatrogenic Cushing’s

Requires a baseline sample and 1 hour 
(Cortrosyn) or 2 hour (IM gel) sample post 
ACTH administration

Screening Tests



Urine Cortisol:Creatinine Ratio

Sampling errors

High sensitivity

Low specificity

High number of false positives

Screening Tests



PDH VS ADH

Most commonly used tests:

High Dose Dexamethasone Suppression 
Test

Endogenous ACTH concentrations 

Ultrasonic examination of adrenal glands



High Dose Dexamethasone Suppression Test

Key Points:

100% of dogs with ADH will not suppress 

75% of dogs with PDH will suppress

25% of PDH dogs will not suppress

Therefore lack of suppression is non-diagnostic



Endogenous ACTH

PDH dogs should have normal or increased ACTH 
concentrations

ADH dogs should have decreased ACTH 
concentrations

Some overlap occurs with normal dogs



Deciding on 

Treatment Options



Treatment Options for PDH

o,p ’ DDD - Lysodren 

l-deprenyl - Anipryl

Trilostane – Modrenal, Vetoryl

Ketoconazole – Nizoral 

Bromocriptine 

Metyrapone - Metopirone



Trilostane

Adrenal enzyme inhibitor

Similar to ketoconazole and metyrapone

Inhibitor of 3β-hydroxylase

Rapid reductions in cortisol concentrations 

May also affect aldosterone concentrations

↑ K and ↓ Na concentrations



TRILOSTANE



Product Characteristics

5 , 10, 30mg, 60 and 120 mg capsules 

Blister packs of 30

Dose 1-2 mg/kg SID

Ideally start LOW

Dose in morning – easier for monitoring

Trilostane



Rapidly absorbed from the gastrointestinal tract

Dosing with food significantly t rate & extent of absorption

Trilostane
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Trilostane



Monitoring

Electrolytes & ACTH stimulation  
test (4-6 hours post dosing)

Pre-treatment

10 days, 4 weeks, 12 weeks

Every 3 months

Each dose adjustment

Assess clinical signs





Adverse Reactions

Rare reports of adrenal necrosis 

Mediated by rising ACTH levels

Unmask arthritis or inflammatory dermatitis 

Sudden death



US Clinical Study

107 dogs enrolled (103 were deemed evaluable) 

Age range 6-16 years

Body weight 3-53.5 kg

224 dogs screened

95 dogs w/ PDH; 5 dogs w/ FAT 

1 dog PDH + FAT

6 dogs inconclusive localization



Conclusion –highly effective 

77.3% success

Success criteria

Post-ACTH stim <9.1 ug/dL 

Clinical improvement

US Clinical Study



Monitoring

Resting cortisol ?

Post-ACTH cortisol 1.5 - 9.1 µg/dL

Some recommend < 5.4 ug/dl 

(4-6 hrs post dosing)



Optimizing Treatment

Increase in once daily dose required if:

Clinical signs not controlled 

Post-ACTH cortisol > 9.1 ug/dl

(performed 4-6 hrs after dosing)



Twice daily dosing may be required if:

1. Clinical signs not controlled

2. 4 hour post-ACTH cortisol < 9.1 ug/dl and

3. ACTH stimulation test 22-24 hrs after dosing 

Post-ACTH cortisol > 9.1 ug/dl

Value of ACTH Stimulation Testing ?

Optimizing Treatment









Trilostane

Twice a day dosing

0.2 – 2.5 mg/kg q 12 hours

3.0 – 3.5 mg/kg q 12 hours



Trilostane vs Lysodren

Survival Times

Lysodren

750 days

720 days (non-selective) 

Trilostane

930 days (BID)

900 days (qD)

662 (qD)







CW Vokoun et al. N Engl J Med 2023;388:165-175.
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