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Pathophysiology 

Hyperadrenocorticism (Cushing’s syndrome or disease) is relatively common in older dogs, 

increasingly recognized in cats, and rare in other domestic animals.  The symptoms of HAC are 

the results of excessive, chronic production of circulating glucocorticoids by the adrenal glands, 

which are located at the cranial pole of each kidney.  Each adrenal gland is divided into two 

functionally distinct parts, the cortex and medulla.  The adrenal cortex comprises 80 – 90% of 

the entire gland and produces glucocorticoids, mineralocorticoids, and androgens.  The medulla 

comprises 10 – 20% of the adrenal gland and produces catecholamines.1, 2 

Cortisol is released by the adrenal gland in response to stress.  A classical negative feedback 

loop operates to regulate endogenous production.  The hypothalamus secretes corticotrophin 

releasing hormone (CRH) that travels to the anterior pituitary regulating the secretion of 

adrenocorticotropic hormone (ACTH), which regulates the secretion of cortisol by the adrenal 

cortex.  Both cortisol and ACTH have negative feedback effects on higher centers.   

HAC can be spontaneous or iatrogenic.  The spontaneous cases are associated with a tumor in 

either the pituitary gland or the adrenal gland. 80 – 85% of cases are due to pituitary tumors 

with 80 – 85% being microadenomas (< 1 cm).  10 – 20% of pituitary tumors are 

macroadenomas (> 1 cm) and these patients are prone to neurological signs.  In pituitary 

dependent hyperadrenocorticism (PDH), a tumor in the anterior pituitary autonomously 

secretes ACTH in excess, which triggers excessive cortisol production.  This results in bilateral 

adrenal gland hyperplasia due to constant stimulation by excessive ACTH.  In adrenal 

dependent hyperadrenocorticism (ADH), the adrenal tumor secrets cortisol autonomously.  The 

cortisol production results in a negative feedback loop reducing the production of ACTH.  The 

contralateral adrenal gland atrophies due to down regulation from the lowered ACTH 

stimulation levels.  50% of adrenal tumors are malignant, while the other 50% are benign.  

Determining the tumor location (adrenal vs. pituitary) allows for the following:  1) 

determination of the proper treatment, 2) a more specific prognosis, and 3) greater prediction 

of addition clinical signs.1, 2 

Iatrogenic HAC results from prolonged exogenous corticosteroid administration – topical, oral 

or injectable sources.  Therapy results in decreased ACTH secretion and bilateral adrenocortical 

atrophy.  Therapeutically, corticosteroids are used in massive doses relative to physiological 

levels.  If treatment is prolonged, it may take months for the hypothalamic-pituitary-adrenal 

axis (HPAA) to return to normal function after these drugs are stopped.1, 2 

Meal or food-induced HAC has been reported in young small breed dogs.  The incidence is 

relatively low.  It appears to be a congenital defect that results in aberrant expression of 
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receptors for glucagon inhibitory peptide (GIP) on the adrenal gland.  In these patients, GIP 

stimulates the production of cortisol from the adrenal gland.  Given that GIP is produced by the 

stomach at every meal, these dogs have transient hypercortisolemia after every meal from a 

young age.3, 4 

Atypical HAC is a controversial diagnosis with an unclear etiology.  These dogs have a history, 

physical exam findings, CBC, biochemical chemistry profile, urinalysis results, and adrenal 

imaging consistent with HAC; however, routine screening tests are negative.  Screening tests for 

HAC were introduced in the 1970s and 1980s (30 plus years ago).  The 2012 ACVIM consensus 

statement for diagnosing HAC suggest that the current reference ranges, and their cut-offs, 

should be reevaluated and possibly adjusted.  More appropriate ranges, and cut-offs, can help 

avoid misdiagnosis and increase detection of milder cases of HAC with lower cortisol 

hypersecretion and an increased sensitivity of the HPA axis to dexamethasone.  In some of 

these patients, measurement of sex hormones can be considered.  An ACTH stimulation test 

with a pre & post adrenal panel can be sent to the University of Tennessee’s endocrinology lab 

to evaluate for elevations in androstenedione, progesterone or 17-hydroxyprogesterone.  

Standard therapeutic regimes of trilostane or mitotane result in resolution of clinical signs.4 

Clinical Signs 

Excessive cortisol in the body is responsible for the numerous clinical signs associated with HAC.  

The variety of clinical signs are due to cortisol’s diverse effects on the body.  For example, 

cortisol acts to maintain blood glucose concentrations by increasing production of glucose from 

non-carbohydrate sources.  Protein and fat catabolism are stimulated to provide amino and 

fatty acids for this process.  Cortisol also counteracts the effects of insulin.  The catabolic 

actions of glucocorticoids on protein, results in muscle wastage and weakness.  They also result 

in the increased formation of hepatic gluconeogenic enzymes, which act on amino acids to 

produce glucose.  The catabolic actions on fat stores are countered by insulin, which inhibits 

lipolysis and stimulates lipogenesis.  As a result adipose tissue tends to be redistributed to the 

abdomen and back of the neck in dogs with excess concentrations of glucocorticoids.1, 2   

Most of the clinical signs associated with HAC are not immediately life threatening, however, 

they do cause a decline in quality of life for the pet and the owner.  Owners can easily get 

frustrated with a  dog who is constantly urinating, often times in the house, or who is 

constantly panting and possibly  disturbing the owner’s sleep.  The clinical signs seen with HAC 

will get worse if treatment is not provided.  Owners may not immediately report these clinical 

signs as something wrong with their pet, they often assume the signs are simply due to old age.   

HAC is rarely seen in dogs < 6 years of age.  Males and females are equally represented, as well 

as many breeds.  There are some breeds that appear to have increased predilection, such as 

Dachshunds, various terrier breeds, German shepherd and Labradors.1, 2 

HAC is considered a clinical diagnosis that is supported by laboratory data, as such, it starts in 

the exam room.  Common clinical signs include polyuria (> 50 ml/kg/day) and polydipsia (>100 
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ml/kg/day), which lead to dilute urine concentrations.  Thinning of hair coat, polyphagia, 

panting, weakness/lethargy, and chronic infections (urinary tract and skin) are also commonly 

reported by owners.  Alopecia may be seen and is usually bilaterally symmetrical, mainly on the 

trunk, and spares the head and legs.  It is non-pruritic typically, unless there is a secondary 

pyoderma.  A pot-bellied appearance secondary, to weakness of the abdominal muscles and 

the accumulation of fat within the abdomen, and thinning/inelastic skin, particularly on the 

ventrum, are often found on physical examination.1, 2  While not common, calcinosis cutis 

lesions (thick, hard raised plaques on the surface of the skin) can be found; this sign is almost 

pathognomonic, but can also be seen in renal failure patients.5  Calcinosis cutis lesions may not 

improve with treatment due to the severity of the skin damage and the calcification.  If these 

lesions are seen, rule-out iatrogenic HAC first.  Poor wound healing post-injury or surgery may 

also be observed, as well as poor hair regrowth after shaving.   Myotonia (persistent, active 

muscle contractions even after the stimuli is gone) can be seen and, occasionally, older, inactive 

dogs will rupture a cruciate ligament.  Clinical signs can be in any combination.  Not all are 

present in every patient, but they are all due to the deleterious effects of excess cortisol.   In 

some cases, skin lesions may be the only clinical signs of HAC.  The presence of non-pruritic, 

truncal alopecia and/or thin skin, and/or the presence of poorly responsive skin infections 

without any systemic signs of HAC warrant screening for this disease.6   

Additionally, some clinical signs are not always evident on physical examination alone.  

Hypertension is found in more than 50% of dogs with HAC and is not well controlled with 

medications until the HAC is under control.  Proteinuria is also seen, and has been correlated to 

hypertension; the higher the blood pressure, the greater the amount of protein lost in the 

urine, likely from glomerular damage.7  Hypercoagulability can also be found, and some dogs 

with spontaneous HAC are at risk of developing thromboembolic complications; placing these 

pets on an anticoagulant may be necessary.8, 9  

Diagnostic/Differentiation Tests 

As with clinical signs, findings on routine laboratory screening tests can be variable in HAC 

patients.  Complete blood counts can show increases in hematocrit and thrombocytosis 

(>600,000), which may contribute to the hypercoagulability.  Stress leukograms are common -   

neutrophilia without a left shift and monocytosis are secondary to demargination of the cells 

from capillaries; lymphopenia is due to lympholysis, and eosinopenia is due to sequestration.   

Routine biochemical profile findings can include hyperglycemia (likely due to gluconeogenesis 

and insulin resistance), increased alkaline phosphatase (ALKP), cholesterol and triglycerides.1, 2 

Occasionally, hyperphosphatemia can be seen, which has been associated with decreased 

survival times (statistically found to be a negative prognostic indicator).10 Urinalysis often 

reveals a low urine specific gravity (often less than 1.010), but not all dogs will have this finding.  

Glucosuria and proteinuria can also be seen, and occult urinary tract infections are common 

and often require urine culture and sensitivity to successfully diagnose and treat.1, 2 
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Before proceeding with endocrine testing for HAC, ensure the patient has clinical signs 

consistent with HAC that cannot be explained by other disease conditions.  For example, an 

elevated ALKP in isolation with no clinical signs is not reason enough to pursue endocrine 

testing.  In the 2012 ACVIM consensus statement notes ‘the primary indication for pursuing a 

diagnosis of HAC is the presence of one or more of the common clinical signs and physical 

examination findings.’  It is important to keep in mind HAC is a clinical diagnosis.11  

In the diagnosis of HAC, there are two questions to answer:  1) is HAC present; and 2) what is 

the source?  Therefore, to answer the first question, the clinician needs to demonstrate either 

an increased cortisol production or a decreased sensitivity of the HPA axis to negative 

glucocorticoid feedback.  Any exogenous steroid use should be discontinued for at least 24 

hours prior to any endocrine testing.   

Screening test for HAC include the urinary cortisol:creatinine ratio (UCCR), the low-dose 

dexamethasone suppression test (LDDST) and ACTH stimulation test.  Any screening test may 

be negative in a patient with HAC.  If a test is negative but suspicion for HAC remains, another 

test should be performed.  If more than one test is negative, either consider the patient does 

not have HAC, or alternatively, re-evaluate the patient in 3 – 6 months if clinical signs progress.  

Creatinine is excreted in the urine at a constant rate; cortisol is not.  The urine cortisol to 

creatinine ratio (UCCR) is a sensitive test to detect cortisol hypersecretion.    It is imperative the 

dog is not stressed for the urine sample collection.  It is recommended  the owner collect the 

sample at home and bring to the practice.  Ideally, wait at least 48 hours after a hospital visit.  

The owner can collect one to three days’ worth of urine (ideally the first morning sample) and 

pool it to increase chances of observing an elevated cortisol due to daily variation.  The test is 

relatively inexpensive and the patient does not have to come to the veterinary clinic.   

Stress and non-adrenal illness can cause increases in urine cortisol levels; therefore, false 

positives can and will occur – specificity can be as low as 20 – 25%.  However, a normal ratio 

can be considered truly negative and HAC can be ruled-out.1, 2, 11   

If food-induced HAC is suspected, the UCCR can be helpful in the diagnosis by collecting pre-

prandial urine sample after a 12 hour fast and 4 hour post-prandial urine sample; a 100-fold 

increase between the pre- and post- samples is considered diagnostic for food-induced HAC.3  

With the LDDST, cortisol (in the form of dexamethasone) is added to the system to test the 

regulatory mechanism, the negative feedback system.  If the system is intact there will be 

suppression of CRH, ACTH, and ultimately cortisol production, at 4 & 8 hours.  A normal dog will 

suppress cortisol production within 2 – 3 hours and remain suppressed for 16 – 24 hours or 

more.   

The LDDST has a high sensitivity (85 – 90%), so a negative provides a high confidence the dog is 

normal.  Unfortunately, it has a low specificity, so a positive is not confirmatory for HAC.  27 – 
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66% of dogs will be false positives as a result of non-adrenal illness or stress; this test should 

not be used if a patient has a history of exogenous steroid administration.   

LDDST can help differentiate PDH from ADH if there is at least 50% suppression from base line 

cortisol levels.  To perform this test, IV dexamethasone (0.01 mg/kg) is administered after a 

baseline blood sample is obtained.  Please note, if using Dex SP formulation, it only has 3 mg/ml 

of active dexamethasone.  Blood samples are then collected at 4 and 8 hours.  Positive patients 

will have an 8 hour cortisol level of greater than 1.4 µg/dL.  An inverse pattern, where the 4 

hour post-dexamethasone was increased, but the 8 hour post-dexamethasone was below the 

cut-off value, has also been seen in PDH and does warrant further testing for HAC.1, 2, 11 

The ACTH stimulation test is evaluating for adrenocortical reserve, i.e. dogs with hyperplastic 

adrenal tissue have exaggerated cortisol response to ACTH.  The test is performed by 

administering 5 µg/kg (max dose 250 µg) synthetic ACTH IV or IM (IV is the preferred method) 

after a base-line blood sample is collected.  Peak cortisol excretion occurs 60 – 90 minutes after 

injection.  A 2nd blood sample is collected at 1 hour post-ACTH administration.  A diagnosis for 

HAC is made when cortisol levels post-stimulation are greater than 22 µg/dL (grey zone 15 – 22 

µg/dL).   

With the ACTH stimulation test, there is considerable overlap in HAC and normal patients.  

Some dogs with HAC will have normal results (20 – 30% false negative results), and some 

normal dogs will have an exaggerated response consistent with HAC; thus, the LDDST is 

preferred over the ACTH stimulation tests.  For suspected iatrogenic HAC, though, the ACTH 

stimulation test is the gold standard for diagnosis; patients will have a flat-line response similar 

to hypoadrenocorticism patients.1, 2, 11 

Once a diagnosis of HAC has been confirmed, determining the source (pituitary or adrenal 

based tumor) is the next step.  Approximately 60% of the time, the LDDST shows at least a 50% 

suppression below baseline at 4 hours; this is diagnostic for a pituitary based tumor, and in 

these cases, a secondary test is not necessary.  If no suppression occurs, then a secondary test 

is needed to differentiate PDH and ADH.  25% of dogs with PDH will not suppress.   

The high dose dexamethasone suppression test (HDDST) is no longer preferred as a secondary 

test as 25% of PDH dogs will still not suppress even with higher dose – these patients likely have 

macroadenomas.  Ultrasound is now preferred. 11   

On ultrasound, the adrenal glands can be evaluated for size, presence of adrenal masses, +/- 

calcification, and presence of local tumor invasion.  Additionally, the abdominal cavity can be 

evaluated for distal metastasis.  PDH patients have bilateral hyperplasia of the adrenal glands, 

and ADH patients have a unilateral mass and often hypoplasia of the contralateral gland.  Not 

all adrenal masses produce hormones; clinical signs of HAC must also be present to make a 

diagnosis of ADH from an ultrasound.  CT scans and MRI can be used to evaluate adrenal and 

pituitary glands.   



6 
 

And finally, endogenous ACTH levels can be used to differentiate PDH from ADH.  Pituitary 

tumors are producing ACTH; therefore, PDH patients have high ACTH levels.  ADH patients have 

an active negative feedback loop and ACTH production is turned off, therefore ACTH levels will 

be low.  This test may not be practical in a general clinical practice setting, as ACTH breaks 

down quickly and needs special handling; contact the laboratory before running this test.   

Treatment/Monitoring 

Many dogs are euthanized because of clinical signs associated with HAC.  Treatment will help 

prevent euthanasia due to these clinical signs that interrupt the human-animal bond.  

Treatment also decreases the risk of chronic infections (skin and/or urinary tract), diabetes, and 

improves the chance of resolving high blood pressure and proteinuria, which can have 

deleterious side effects all their own.  If treatment for HAC does not resolve the hypertension 

and/or proteinuria, additional medications can be used to control them.  These medications are 

more likely to be effective when cortisol is being controlled.   

The aims and expectations of treatment need to be established beforehand and discussed with 

the owner to avoid unexpected disappointments.  The clinical signs of PDH caused by pituitary 

microadenoma can be managed with medical therapy, but the drugs will not affect the pituitary 

tumor.   

Hypophysectomy can be offered to those dogs with an enlarged pituitary who are in good 

clinical condition and have a long life-expectancy.  The surgery is effective, especially in the long 

term, with remission for up to seven years.12  This surgery is currently offered at the University 

of Washington’s College of Veterinary Medicine in Pullman, WA, but can be cost prohibitive for 

many clients.   

Inoperable pituitary tumors (macroadenomas) can be treated by radiotherapy.  Radiotherapy is 

effective in reducing the size of such pituitary tumors, but with a quiet variable delay, from 1 to 

16 months.  The reduction in size is gradual in onset but can continue for a year or more after 

completion of therapy.  The improvement in clinical signs of HAC is associated with the reduced 

pituitary ACTH secretion.12  

The treatment of choice of unilateral ADH is adrenalectomy, because successful removal 

eliminates both the tumor and the associated clinical signs of glucocorticoid excess, without the 

need for lifelong medication.  The postoperative complication rate for adrenalectomy is about 

20% and the skill of the surgeon and rest of the team affects the outcome; therefore, it is 

recommended this procedure be performed at a referral center with intensive care facilities.  

The median survival time after adrenalectomy is about 2 years, although some dogs survive 

more than 4 years.12  

There are at least four options for medical management of HAC: trilostane, mitotane, selegiline 

and ketoconazole.   Mitotane is not approved for use in dogs, but for many years was the first 

and best choice for managing HAC in dogs.  It is a human cytotoxic/anti-neoplastic drug that 
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works by causing cellular death in the adrenal gland.  The plasma terminal half-life in people 

ranges from 18 – 159 days.  It has been suggested by Utrecht University College of Veterinary 

Medicine as the treatment for inoperable, benign, adrenal tumors since it causes the 

destruction of adrenocortical tumor tissue.  They do note, however, that experience has shown 

adrenal tumors are more sensitive to trilostane than are hyperplastic adrenal glands and 

trilostane is the recommended palliative treatment if there is metastasis of a functional adrenal 

tumor.12   

Selegiline is FDA approved  for uncomplicated PDH.  It increases dopamine concentration, 

which in turn down-regulates ACTH concentration.  Its efficacy is fairly low, with only about 10 -

15% of patients showing improvement in clinical signs.1 

Ketoconazole is a fungistatic drug that blocks several enzymes in the P-450 enzyme system, 

thus effectively blocking the synthesis of glucocorticoids and androgens with negligible effects 

on mineralocorticoids.  For the treatment of HAC, it takes higher doses than for most 

yeast/fungal infections, and side effects can be significant.  It is effective in about 50% of HAC 

cases at controlling clinical signs.1 

VETORYL® Capsules (trilostane) is the only FDA approved drug for the treatment of both PDH 

and ADH in dogs.  It is a short acting, reversible, enzyme inhibitor.  It primarily inhibits the 3β- 

hydroxysteroid dehydrogenase enzyme in the adrenal cortex, thus blocking the production of 

cortisol, and to a lesser extent, aldosterone and the sex hormones.13, 14 The effect on 

aldosterone production is usually clinically insignificant at the doses required to control cortisol 

production in dogs.  Effects only last as long as the half-life of the drug, so if over-suppression 

occurs, the drug can simply be discontinued and hormone production usually returns to normal.   

The clinician can then decide to restart Vetoryl at a lower dose or potentially discontinue its use 

if clinical symptoms of HAC do not return.    

Maximal suppression of cortisol production occurs 3 – 8 hours post Vetoryl administration.  

ACTH stimulation test should be performed 4 – 6 hours post-administration for proper 

assessment.  If the test is done too early or too late, the cortisol levels will be higher, and the 

clinician may make an inappropriate dosage change.  For the most accurate dosage trending 

data, consistency in post-administration ACTH stimulation timing is helpful, i.e. if the first test 

was performed 4 hours post-pill, then future ACTH stimulation test are performed 4 hours post-

pill. 

The approved dose for Vetoryl is a range of 1 – 3 mg/lb (2.2 – 6. 7 mg/kg).  Always start low and 

if the calculated patient dose falls between currently available strengths, round the patients 

dose down to a whole size capsule.  Available capsule sizes include 5 mg, 10 mg, 30 mg, 60 mg 

and 120 mg.  There is individual variation in patient response to Vetoryl; inform owners there 

will be dose adjustments until the optimal dose is identified.  In general, small dogs will need 

larger doses, and big dogs will need lower doses.  For most patients, initially administer Vetoryl 

once daily in the morning with food; food increases absorption of the Vetoryl by up to three 
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times.  Twice daily administration is recommended for food-induced HAC patients who are fed 

twice daily.  It is also generally recommend to start diabetic/hyperadrenocorticism patients on 

twice daily Vetoryl therapy as well.   When starting Vetoryl, it is generally recommended to 

reduce insulin doses by approximately 50% to prevent hypoglycemia as cortisol levels return to 

normal. 

Close monitoring is essential when a patient is initially started on Vetoryl.  If the owner notices 

any changes or abnormalities, they should call the veterinarian immediately.  

Lethargy/weakness, anorexia, vomiting and diarrhea are the four most commonly seen side 

effects.  The first recheck should be done 10 – 14 days after starting Vetoryl (sooner if there are 

concerns or problems).  The owner should be questioned about improvement of clinical signs, 

i.e., water intake, appetite, urination, panting, activity level, etc.   

At the first recheck, blood work should include an ACTH stimulation test 4 – 6 hours post-pill 

administration, and a chemistry panel with electrolytes.  Cortisol levels drop precipitously in the 

first 10 – 14 days; they will continue to drop over the next several weeks, but not as 

dramatically.  The post-ACTH stimulation cortisol target range for Vetoryl patients is 1. 45 – 9.1 

µg/dL.  This initial monitoring should not be used for a dosage increase, generally, but only use 

this result to discover if the dose is too high and patient is over-suppressed.   

Over-suppressed patients can present with weakness, lethargy, anorexia and vomiting; this may 

be a result of a glucocorticoid and/or mineralocorticoid deficiency and needs to be addressed 

immediately.  Some patients can experience a cortisol withdrawal syndrome, and patients 

usually respond well to discontinuing Vetoryl for approximately 7 days and then restarting at a 

lower dose.  In the rare event of an Addisonian crisis, stop Vetoryl, institute immediate 

symptomatic/supportive therapy as required.  Electrolytes will differentiate the conditions.  

Electrolytes will be normal in a patient with cortisol withdrawal.  Hyponatremia, hyperkalemia, 

and a low sodium potassium ratio (< 27) will be present in patients having an Addisonian crisis. 

Assuming all post stimulation cortisol levels are appropriate and no dose adjustments are 

made, a second ACTH stimulation test is done 4 weeks from the initiation of therapy, then at 12 

weeks, and every 3 months thereafter.  Anytime a dose adjustment is made, a recheck ACTH 

stimulation test should be performed 10 – 14 days later.  The resolution of clinical signs of HAC 

is the goal of therapy; ensure the owner reports improvement.   

Sometimes the post-ACTH stimulation cortisol result is above 9.1 µg/dL, but the dogs is 

clinically doing well.  In these cases, do not increase the dose to chase the number – the goal is 

resolution of clinical signs.  Clinical improvement should occur rapidly.  Within the first two 

weeks of Vetoryl therapy, owners should have noticed the dog is drinking and urinating less, is 

less ravenous, and excessive panting should also have reduced (usually a 40 – 50% 

improvement these common clinical signs).  Lethargy is another clinical sign of HAC that rapidly 

responds to Vetoryl treatment; even at the first recheck, many owners have noticed that their 

dog has more energy and often is almost like a puppy again.  Hair loss may appear to worsen 
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initially, as large amounts of the hair follicles are in the telogen growth phase and are shed 

before regrowth starts.  By 12 weeks, abdominal girth starts to reduce, so the pot-bellied 

appearance diminishes.  Patients show increased muscle tone and strength.  Some hair 

regrowth may be noticeable.  Hair regrowth is one of the last things to improve; ensure client 

expectations are appropriately set.  Six months after starting treatment, most clinical signs of 

HAC should have improved or resolved.  Dechra’s 6 month clinical trial of 60 dogs had no more 

than 15% of dogs exhibiting any of the clinical signs associated with HAC.13  

Do not expect ALKP to return to normal.  Most dogs will have some level of persistent hepatic 

vacuolar changes driven by cortisol.  Monitoring ALT activity is a better indicator of 

hepatocellular injury, and modest increases are much more important.  As these are usually 

older patients, consider ultrasonography of the abdomen in patients where hepatic enzymes 

are of concern.  Rule-out liver masses with an ultrasound, or if a gallbladder mucocele is 

present, as hypercortisolism is a predisposing factor for the development of gallbladder 

mucoceles.  Dogs with HAC are 29 times more likely to develop a gallbladder mucocele than 

dogs who do not have HAC.15   

Additionally, practitioners should be aware dogs with hypercortisolism tend to have higher 

canine pancreatic lipase immunoreactivity (cPLI) than clinically healthy dogs with normal ACTH 

stimulation test results.  Therefore, cPLI results should be interpreted cautiously in dogs with 

HAC to avoid falsely diagnosing concurrent pancreatitis.16  

Continued elevation of cortisol levels on an ACTH stimulation can be due to many things.  

Timing of pill administration can affect the test.  The ACTH stimulation test needs to be 

performed during Vetoryl’s peak effect (we recommend 4-6 hours after administration); if the 

client gave the pill in the evening vs. morning, then the ACTH stimulation test will not be able to 

be performed unless it is done overnight.  Absorption of Vetoryl is greatly enhanced by food; if 

the pet was fasted the morning of the ACTH stimulation test, cortisol levels will be affected.  

Additionally, consider if the client is actually giving the medication consistently and following 

the administration instructions.   

Once client factors have been ruled-out, ensure the ACTH stimulation tests itself is being 

performed appropriately.  Many internist discourage the use of compounded ACTH gels, as 

these gels have inconsistent activity and often lead to confusing data.  Additionally, ACTH can 

be frozen into 50 µg aliquots in plastic syringes and placed in a deep freezer without an auto-

defrost mode; do not store for longer than 4 months.  If the ACTH is stored in glass vials or is 

allowed to defrost during storage, its potency can be variable.   

A recently published study in dogs authenticated a 1 µg/kg dose for ACTH stimulation tests for 

monitoring patients receiving either mitotane or trilostane; this dose cannot be used for 

diagnosing HAC.  Caveats to using this low dose for monitoring purposes include the dose has to 

be administered IV and the post stimulation blood sample must be taken at the 60 minute 

mark.17  
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Finally, compounded trilostane should be used with caution, as it may jeopardize the 

management of dogs with HAC and potentially impact patient safety.  A study published in 2012 

evaluated 96 batches of compounded trilostane; 38% of compounded batches were below 

acceptable criteria for content and the average % label claim for each batch ranged from 39 – 

152.6% with 20% of compounded batches failing to meet dissolution criteria.  Compounding 

trilostane could result in dogs being under- or over-dosed, and some batches can’t even be 

absorbed by the patient.18 If compounding is necessary for an individual patient, it is generally 

recommended to have Vetoryl compounded into another size vs. compounding trilostane.  

On average 4 out of 5 patients can be managed with once daily Vetoryl therapy.  There are 

roughly 20% of patients who will need twice daily therapy.  Patients with persistent HAC clinical 

signs, either throughout the day or, are well controlled during the day but “breakthrough” only 

in the evening, and the post-ACTH stimulation cortisol levels fall within the target zone (1.45 – 

9.1 µg/dL), increasing the dosing interval from once daily to twice daily will usually resolve the 

clinical signs.  Additionally, if once daily dosing dose not result in managing concurrent 

hypertension or proteinuria, twice daily Vetoryl therapy should be considered.   

Be aware, long-term changes in dose requirements do occur in many patients.  It is relatively 

common for dogs who have been taking Vetoryl for 1.5 – 2 years to need dose decreases.  

Therefore, continued, long-term monitoring is needed for patients.   

Precautions/Side Effects 

It should be noted, if urination does not improve with control of cortisol levels, remember to 

rule-out UTI as the cause.  Also note, polydipsia can be a result of pyelonephritis, diabetes 

mellitus or even central diabetes insipidus; in cases of pituitary macroadenomas, secretion of 

vasopressin from the anterior pituitary may be disrupted resulting in central diabetes insipidus.  

Patients with macroadenomas rarely have neurological signs at the time of presentation, but 

neurological signs can develop during the initial treatment of PDH with either trilostane or 

mitotane.  Clinical signs are likely due to the removal of the negative feedback inhibition of 

cortisol on the pituitary and hypothalamus.  This allows some pituitary tumors to enlarge 

rapidly, causing edema and increased intracranial pressure.  Clinical signs include depression, 

disorientation, ataxia, wandering, loss of learned behavior, blindness, seizures, anisocoria, 

anorexia, head pressing, and circling.19   

When cortisol levels are normalized, underlying corticosteroid-responsive diseases may be 

unmasked.  For example, the clinical signs of osteoarthritis and allergic skin disease may 

become more apparent to the owner.   

ACE-inhibitors, such as benazepril or enalapril, should be used with caution in patients who are 

taking Vetoryl.  ACE-inhibitors inhibit the signal to produce aldosterone.  Concomitant use of 

Vetoryl with an ACE-inhibitor could result in hyperkalemia.  Spironolactone, a potassium 

sparing diuretic, competitively inhibits aldosterone receptors and is contraindicated for use in 

patients taking Vetoryl, as hyperkalemia is likely to occur.    
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Do not use Vetoryl in patients with a known hypersensitivity to trilostane.  Functional hepatic 

and renal tissue are needed for metabolism and clearance of Vetoryl; to be safe, animals with 

primary hepatic or renal disease should consider therapy other than Vetoryl for HAC.  Vetoryl 

has not been approved for use in pregnant, nursing or breeding animals.  Caution should be 

used in animals less than 3 kg.  Do not empty the capsule, or divide its contents, as this 

increases the risk of ingestion of trilostane by humans which may lead to systemic effects and 

skin/eye irritation/sensitization.   

Adrenal necrosis has been reported in patients receiving Vetoryl.  It is a rare side effect of 

trilostane and was seen in < 2% of dogs in the clinical trials and in far less since launch.  Keep in 

mind mitotane is a cytolytic drug and its mode of action is to irreversibly destroy the adrenal 

cortex.  While this may be an idiosyncratic reaction to Vetoryl, there are references supporting 

the adrenal necrosis associated with Vetoryl is a result of elevated ACTH levels, not trilostane.20  

Additionally, there have been a few cases reported to have had adrenal necrosis occur after the 

ACTH stimulation test, which may further support elevated ACTH levels as the causative factor.  

Although this side effect is rare, it underscores the need for diligent monitoring.   

Conclusion/Key Points 

Hyperadrenocorticism is a clinical diagnosis.  Get the diagnosis right; do not treat if the patient 

is asymptomatic.  Remember, your best monitoring tool is resolution of clinical signs; if the 

patient is asymptomatic, then it is difficult to monitor therapy appropriately.   

When using Vetoryl, start at the low end of the dose range.  The majority of patients will do 

well with once daily dosing, but some patients will need twice daily dosing.  Round down to a 

whole sized capsule and give with food.  Small dogs tend to take higher doses than large dogs.   

Early monitoring, 10 – 14 days after starting Vetoryl, can help identify patients who are 

sensitive to Vetoryl and may be over-suppressing before a crisis occurs.  Early signs a patient 

may be over-suppressed include lethargy/weakness, anorexia, vomiting and diarrhea.  If an 

owner sees these clinical signs, they should stop the medication and bring the patient into the 

hospital for evaluation that includes electrolytes and an ACTH stimulation test. 

Typically, dose increases are not made until the 30 day mark.  Dose changes are made based on 

clinical signs, electrolytes and ACTH stimulation results.  Do not chase a number, but instead 

utilize the ACTH stimulation test results as a guide.  If clinical signs are well controlled even 

though the post-ACTH stimulation cortisol levels are above the target range, a dose increase is 

not warranted.  The goal is not to hit a number, but instead, to manage clinical signs for a full 

24 hours. 

Beware of long-term changes in dose requirements.  Continue monitoring patients on regular 

intervals to ensure patients continue to do well.   
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