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TO TREAT OR NOT TO TREAT…THAT IS THE QUESTION?
	The conundrum of Cushing’s syndrome does not lie in the dog presenting with the classic veterinary school textbook profile.   The 9 year old Terrier mix with a pendulous abdomen, hepatomegaly, thin skin, comedones, calcinosis cutis, bruising, poor healing, non-pruritic bilateral flank alopecia, polyuria, polydipsia, elevated ALP, hypercholesterolemia, thrombocytosis, isosthenuria, proteinuria, mild systemic hypertension…. he’s a no brainer.  We are trained well in veterinary school and clinical practice with a toolbox for this guy.  Trilostane or Mitotane, we pick a medication, have the big client education talk, and start treatment with appropriate monitoring.  
	But what about the patient with equivocal polyuria/polydipsia, or the clinically normal patient with the incidentally elevated ALP? The elusive “grey zone” patient, with mild polyuria/polydipsia, mild ALP elevation, equivocal, confusing or inconclusive endocrine testing?  The patient with mild proteinuria or systemic hypertension of unknown source.  The full scope of diagnostic testing to rule out other diseases is beyond the scope of this discussion.  Our focus is what to do with that patient for whom you have completed a diagnostic evaluation and it’s just “so borderline”.  Which direction do you go? What do you tell the client? What do you monitor moving forward? What are the risks?

	The four pillars of success lie in the following areas:

· Understanding how to accurately and efficiently utilize and interpret the diagnostic tests in your toolbox
· Understanding the complications of Cushing’s syndrome
· Creating a robust and comprehensive client education communication strategy to meet expectations
· Having an action plan when pre-determined trigger or criterion occurs

Using these pillars, you can evaluate the individual patient through the lens of both the pet parents  needs AND your medical wants in making an action plan for the patient.  The three most important questions to ask in considering any treatment for Cushing’s disease include the following:

· Are there symptoms present affecting quality of life of the dog?
· Are there symptoms present affecting quality of life of the pet parent?
· Are there symptoms or other findings concerning to you as the veterinarian (ie complications or risk factors)


DIAGNOSTIC TESTING
	While a comprehensive review of diagnostic testing for Cushing’s syndrome is not the focus of this discussion, it is helpful to recall the basic premise behind each test as we evaluate the grey zone patient and make clinical decisions for their care. It is also important to note that, in many cases, selective combination of diagnostic testing modalities for a given patient gives complementary information which can help inform clinical decision making.

	SCREENING TESTS

· Urine cortisol-creatinine ratio (UCC)
· This is a sensitive test to look for elevated cortisol, but it is very non-specific as any “stress-inducing” condition will elevate cortisol level short-term.  Samples are easy to obtain, as the pet parent can bring free-catch urine collected at home to the hospital for submission.  Cost is relatively moderate.  This test is likely best utilized with a patient for whom you do NOT suspect cortisol dependent Cushing’s syndrome.  A normal UCC would likely rule out excess cortisol for that patient and a positive test may indicate need for additional diagnostic testing.  Other steroid hormones cannot be evaluated through UCC testing.

· Low-dose dexamethasone suppression test (LDDS)
· This test assesses the adrenal gland ability to decrease cortisol production as part of normal negative feedback regulatory mechanism.  Serum is collected for baseline cortisol level, dexamethasone is injected, and post injection serum cortisol levels are tested typically at 4 and 8 hrs post injection.  Normal adrenal glands should suppress cortisol production.  This test has relatively high sensitivity (>95%) and moderate specificity (70%). Non-adrenal illness or stress during testing will decrease specificity. The test takes a long time to complete, has moderate cost and cannot evaluate other steroid hormones besides cortisol. 

· ACTH stimulation test
· This test assesses the adrenal gland ability to increase hormone production in response to an injection of adrenocorticotropic hormone (ACTH), which is produced in the pituitary gland.  Serum is collected for baseline cortisol level, ACTH is injected, and serum cortisol is tested typically at 1 +/- 2 hours post ACTH injection.  This is a quick test with slightly higher sensitivity than the LDDS test (around 95%), however it can have lower sensitivity than LDDS testing and is relatively expensive especially for larger patients.  This test can also be used to assess levels of other hormones produced by the zona fasciculata and zona reticularis of the adrenal cortex (ie the “sex steroid hormones’) which are implicated in some cases of Cushing’s syndrome.


DIFFERENTIATION TESTS (PDH vs ADH)

· Abdominal ultrasound
· This test is useful to differentiate between pituitary dependent hyperadrenocorticism (PDH) and adrenal dependent hyperadrenocorticism (ADH).  Classically, PDH reveals bilateral adrenomegaly and ADH reveals an adrenal mass with a small contralateral adrenal gland from atrophy secondary to the functional adrenal tumor. However, there are many variations that can exist and confound interpretation based upon available data, including concurrent PDH and ADH in the same patient, adrenal mass present as an incidental, non-functional finding and bilateral primary ADH.  Nonetheless, ultrasonography is an important and useful diagnostic tool in the evaluation of the patient suspected to have Cushing’s syndrome.

· High-dose dexamethasone suppression test (HDDS)
· This test is performed similarly to the LDDS but with a higher dose of dexamethasone.  This may cause some cases of PDH to suppress cortisol production at the 4-hour mark and rebound at the 8-hour mark, while ADH would be more likely result in cortisol production unsuppressed at both time points.  With the increasing availability and support for ultrasonography as a diagnostic tool, this test may be less commonly performed in practice but can give important diagnostic information in some cases.

· Endogenous ACTH level
· This test is based upon the fact that dogs with increased endogenous ACTH concentrations are more likely to have PDH, while ADH is usually independent of pituitary control. This test can be helpful in some patients.  However, ACTH is labile and sample handling is critical for test validity.  There is also a relatively wide range of normal ACTH levels in dogs with PDH, ADH and normal adrenal gland function.  


COMPLICATIONS OF HYPERADRENOCORTICISM (CUSHING’S SYNDROME)
Infections are common due to glucocorticoid suppression of the immune system.  Common sites of infection are pyoderma, bacterial cystitis, pyelonephritis and otitis but infections can occur in any location.  It is important to note that the anti-inflammatory effect of glucocorticoids may mask signs, especially in cases of bacterial cystitis where routine urine culture should be part of a chronic monitoring plan.
Muscle weakness can be seen from glucocorticoid induced myopathy.  The exact mechanism is unclear but is likely multifactorial, including decreased protein synthesis, increased protein degradation, alterations in carbohydrate metabolism, mitochondrial alterations, electrolyte disturbances and decreased neuromuscular excitability
Peripheral neuropathy can also be seen, again likely multifactorial and exact pathogenesis unclear.
Systemic hypertension is commonly seen due to glucocorticoid augmentation of alpha-receptor mediated vasoconstriction. This is most commonly mild to moderate in severity but can be compounded with other comorbid conditions. 
Proteinuria can be seen due to glucocorticoid effect on glomerular permeability.  This can be exacerbated by systemic hypertension which causes glomerular hypertension.
Urolithiasis can be seen, most commonly calcium oxalate uroliths due to increased calciuresis from excessive glucocorticoid production.  These are seen in the urinary bladder, kidneys, gall bladder and/or biliary tract most commonly.
Dystrophic calcification can occur, which results in inappropriate calcification of the tissues despite normal total and ionized calcium levels.  Calcinosis cutis, calcium deposition in the skin, is perhaps the most common manifestation of this complication.
	Insulin resistance or overt diabetes mellitus can occur due to glucocorticoid antagonism of insulin at multiple levels.  It is important to note that an elevated ALP in a diabetic patient is not likely a sufficient reason to test the patient for hyperadrenocortism.  Rather, insulin resistance (> 2 U/kg insulin per dose) with poor diabetic clinical regulation should be present to spur further provocative testing for concurrent Cushing’s syndrome. 
	Biliary mucoceles are 29 times more prevalent in patients with hyperadrenocorticism as compared to the rest of the canine population.  The cause is likely multifactorial including cholestasis, gall bladder dysmotility and hypercholesterolemia/hyperlipidemia noted in these patients.  The role of mucous secretion in mucocele formation has been suggested but not definitely proven.
	Thromboembolic events are 10 times more prevalent in patients with hyperadrenocorticism as compared to healthy dogs.  This is due to increased production of pro-coagulant factors, activation of the coagulation cascade and decreased fibrinolysis seen with increased glucocorticoid production.  Thromboembolism can occur anywhere, most commonly noted as pulmonary thromboembolism (PTE), aortic thromboembolism (ATE), cerebral vascular accident (CVA), splenic thrombus and/or gastrointestinal infarction.
	The link between pancreatitis and Cushing’s syndrome is tenuous and somewhat controversial.  Steroid therapy is often cited as relatively contraindicated when pancreatitis is present but there is not conclusive evidence-based data that exogenous steroids will worsen pancreatitis nor that Cushing’s patients have increased risk for pancreatitis due to excessive endogenous glucocorticoid production.
	CNS signs are uncommon with hyperadrenocorticism. When present, they are typically vague and non-specific, and include inappetence, anorexia, dullness, lethargy, wandering, pacing, circling and/or behavior changes.  Seizures rarely occur directly from the physical presence of the tumor in cases of PDH.  It is important to evaluate the neurologic exam and consider possible cerebral imaging in a patient with hyperadrenocorticism and concurrent inappetence or anorexia without identifiable etiology. 


CLIENT EDUCATION
	Client communication and education is critically important to achieving best outcome for your patient and concurrently meeting the pet parent’s expectations.  Key components of this include the following:

· What is Cushing’s syndrome?  What are the big effects of glucocorticoid hormones on the body?
· What are the annoying signs verses serious complications?
· For PDH  Your dog has a brain tumor…now what??
· For ADH  Your dog has a tumor of the adrenal gland…now what??
· “The good news and the bad news talk”  There is no cure, and we will focus on palliating clinical symptoms and mitigating or preventing complications

To support and complement these conversations, consider client handouts as well as having one or several technicians who are your Cushing’s syndrome client ambassadors.  Your technician team members are key players and can be point in these conversations and client questions after you set the table with your initial client communications. 


THE DECISION TO TREAT
	When considering whether to start treatment with traditional pharmacologic therapy for Cushing’s syndrome, consider the following questions:

· What is the patient’s quality of life?
· What is the pet parent’s quality of life?
· Are there complications noted that concern YOU as the clinician?
· Will treatment improve quality of life for the patient and/or pet parent?
· Will treatment decrease risk or severity of complications of the condition?

THE WATCH AND WAIT?
For many patients, a watch and wait approach may be the best course of action.  In taking this approach, it is important to address any identified complications with appropriate immediate treatment and continued proactive monitoring.  Alternate therapy can be considered in the patient with mild clinical signs for whom the pet parent and/or you as clinician are not inclined to desire traditional therapy with Trilostane or Mitotane. Most commonly, these therapies will include melatonin (3-6 mg PO q 12 hrs), HMR lignans (10-20 mg/dose PO q 24 hrs) and/or SDG lignans (flaxseed hull, 1-2 mg/lb PO q 24 hrs). Recheck evaluation every 3 to 6 months is important with this approach.  Evaluation should include thorough examination (weight, BCS, muscle mass/tone, ambulation, ortho/neuro exam, skin evaluation) and history-taking (owner perception of quality of life and report on clinical signs).   The personalized minimum database for these patients should include CBC, chemistry profile, urinalysis, thyroid assessment, urine culture, UPC (if negative culture and quiet sediment) and blood pressure.  These tests are commonly indicated twice a year for most patients but may be indicated more frequently based upon the nuances for a particular patient.
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