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History of Cushing's Disease:
· Named for Harvey Cushing

· 1869-1939. 

· "polyglandular syndrome". 

· A review of 12 patients.

· Equine Cushing's Disease >

Pituitary Pars intermedia dysfunction

· A consequence of 

degeneration of hypothalamic 

dopaminergic neurons innervating 

pars intermedia melanotropes

Cushing's Disease-Man and Dog:
· PU/PD

· Polyphagia

· Abdominal enlargement

· Lethargy

· Alopecia, pruritis

· Thin skin, pyoderma

· Panting

Disease of the Pars Distalis


PPID Clinical Presentation:
· Older horses and ponies; > 15 years of age

· Ponies are more susceptible

· Morgan horses may be predisposed

· No sex predilection

Clinical Signs: Hirsutism:
Advanced: Long curly retained hair-coat

Early: 

· Patches of longer and lighter hair in the summer

· Longer hair on palmar/plantar of legs

· Longer hair jugular groove

· Delayed shedding

· Compare with others in herd

Why Do We Care?
Clinical Signs: Laminitis 

Clinical Signs: ↑ Cortisol = Laminitis

· Reduces blood supply by constricting arteries

· Weakens attachments

· Impairs ability to repair attachments

· Alters glucose delivery to hoof cells 

· Cortisol is insulin antagonist (EMS)

Clinical Signs: Body Condition:
· Too FAT in some places

· Cresty neck

· Fat pads at tail head

· Bulging supraorbital fat

· Too THIN in other places

· Loss of epaxial muscle mass

· Swayed back

· Ribs showing

· Advanced: Rounded abdomen (pot-bellied)

Clinical Signs: Increased Susceptibility to Disease:
· ↑ cortisol   

· More prone to solar abscesses

· White line disease

· severe chronic cases

· Dental disease

· Tooth root abscesses

· Sinusitis 

Additional Clinical Signs:
· Hyperhidrosis 

· Polydipsia / polyuria

· Lethargy

· Increased pain tolerance

· Undefined changes in mentation/personality

· "He's just getting old"

Polydipsia / Polyuria:
· Filling water buckets more often

· Stall is wetter than before

· Stall smells worse than before

· Have client measure intake, provide additional water sources

Other Conditions Associated with PPID:
· Osteoporosis

· Delayed wound healing

· Persistent lactation

· Infertility

· Hind limb suspensory breakdown 

PPID v/s Equine Metabolic Syndrome (EMS):
Three major components of EMS:

1)  Obesity or regional adiposity (cresty neck)

2)  Insulin resistance 

3)  Laminitis    

· NO Hirsutism (PPID) or delayed shedding, young

· Pergolide NOT helpful

· Refer to: EMS Consensus Statement, 2010

Pathophysiology of PPID:
· Pars intermedia is normally in a state of tonic inhibition 

· Inhibited by dopamine released from dopaminergic neurons that extend down from the hypothalamus

· Dopamine interacts with D2 receptors on melanotrophs and inhibits their activity

Summary of Pathophysiology of PPID:
· Dopaminergic neurons undergo oxidative damage with aging (normal process)

· Accelerated process in some horses

· As dopaminergic neurons are lost, melanotrophs are less inhibited 

· Hyperplasia develops and melanotrophs secrete more hormones

· Permissive environment for neoplasia, so functional pituitary adenomas develop

(McFarlane et al., J Neuroendocrinol  2005) 

What is the “best” diagnostic criteria?

· Clinical signs (“over the fence” diagnosis)

· Endocrine tests

· should be practical and repeatable

· strategically timed with season every 6 months

· single sample stall-side test would be ideal

Currently Recommended Tests for PPID:
· Overt detection of hirsutism (with advanced disease)

· Easy "Over the Fence" Diagnosis

· Resting plasma ACTH concentration

· Dexamethasone suppression test (DST)

Plus:

· Insulin and glucose measurements for detection of IR

Diagnosis-Plasma ACTH:
· Collected in a plastic tube with EDTA

· Plasma separated as soon as possible and shipped overnight

· More stable than previously thought  

· Cornell University Animal Health Diagnostic Center (http://diagcenter.vet.cornell.edu/)  

· More sensitive assay

· Telephone: (607) 253-3900; costs $22

Cornell University Diagnostic Laboratory

Diagnosis: Resting ACTH concentration

ACTH as a Biomarker of Disease (Pegasus Diagnostics, 2010):
· Early PPID horses may have higher ACTH levels in Fall >100 pg/ml v/s 40-60 pg/ml in normal horses.

· Widest variation in ACTH in September 

· May see development of "season-specific" reference range.

· Plasma ACTH concentrations are higher in August, September, and October

· Can this season be used as a “provocative test?" 

· Consider PPID if ACTH > 100 pg/mL in autumn

· Submit multiple samples to increase sensitivity (0-15 min)
Diagnosis-Dexamethasone Suppression Test:
· Measure blood cortisol before injection

· Inject 0.04 mg/kg (20 mg for a 500-kg horse) dexamethasone IV

· Measure blood cortisol 24 hours later

· Healthy if suppresses below 10 ng/mL (1.0 μg/dL)

· Transient suppression, then “escapes”

Other Diagnostic Tests: Practical and Sensitive: 

· Thyrotropin-releasing hormone (TRH) stimulation test 

· Oral domperidone challenge test  

· Pergolide 6 mos. therapeutic trial 

TRH Response Test:
· Examining rise in ACTH concentrations in response to TRH administration

· Not examining the thyroid axis

Oral Domperidone Challenge Test:
Procedure:

· Administer one tube (25 mL gel; 2.75 grams) domperidone (Equi-Tox®) orally 

· Collect EDTA blood samples at 0, 2, and 4h

· If single sample method is used, collect a blood sample 2h (Fall) or 4h (rest of year) after the owner administers the domperidone

· Measure ACTH concentrations; + if > 100 pg/mL
(Miller et al. Vet Pathol 2008)

Dopaminergic Control-ODCT:
· Pars intermedia is under dopaminergic control

· Dopamine released from neurons that extend down from hypothalamus to the pars intermedia

· Dopamine interacts with D2 receptors on melanotrophs and inhibit their activity

· Domperidone is a D2 receptor blocker

· Allows melanotrophs to be MORE active

· If there are cells secreting ACTH, they secrete MORE after domperidone administration

Screening Insulin and Glucose concentrations for detection of Insulin Resistance (IR):
Why? Determines Management/Prognosis:

· Leave one flake grass hay in stall after 10 PM

· Collect blood sample in the morning (no stress)

· Insulin concentration > 20 μIU/mL (mU/L) indicates hyperinsulinemia (presumed insulin resistance)

· Check glucose for evidence of hyperglycemia

· Within reference range in majority of case
Risk Factors for Early PPID:
· Enhanced metabolic efficiency, obesity, and insulin resistance (Equine Metabolic Syndrome)

· Obesity and insulin resistance associated with low-grade inflammation and pro-oxidative state

· Might increase oxidative degeneration of  dopaminergic neurons

· PPID developing at an earlier age in obese insulin-resistant horses (> 12 years of age)

· Key point: Insulin resistance is exacerbated by the development of PPID
Proinflammatory Theory of IR-Data Supported:
· Concentrations of mRNA coding for IL-1Beta and IL-6 higher in nuchal ligament deposits vs. other areas (JVIM, Vol. 24., 2010)
· Nuchal ligament has unique biological behavior more likely to adopt inflammatory phenotype

· Obesity induces chronic inflammation

Detection of Early PPID-Best Medicine:
· Watch for early signs of PPID, including:

· Delayed shedding of winter hairs  (compare to other horses in the barn)

· Discoloration of hair
· Increase in calorie demands; a transition from “easy keeper” to regular horse

· Loss of muscle mass (epaxial muscles)

· Deterioration in glucose and insulin values (exacerbation of IR in a regulated horse)

Practical Field Approach with Suspect PPID:
· Rely more upon clinical judgment

· Initiate 6 mos. Pergolide trial and monitor clinical response

· Recheck ACTH (or DST), insulin, and glucose concentrations after 30 days on treatment
Principles of "Whole Horse" Management of PPID:
· Drug Therapy with Pergolide

· Lab Monitoring

· Proper Nutrition

· IR or non-IR?

· Hoof Care

· Routine Dentistry

· Custom Wellness Programs

· Body Clipping

· Activity

· laminitic, or non-laminitic

Drug Therapy-Pergolide (Compounded):
· Type: 
Dopamine agonist 

· Action: Inhibition of PI cells

· Dose:
1 mg total dose/day (up to 5 mg)

· Response: Improved “energy” / activity, muscle mass, haircoat  

· Side-effects: Transient anorexia / depression 

                        "Pergolide cloud or veil"



Take off Pergolide for 2 days, then re-start at lower dose, working back up to 1 mg total daily dose
**If no response to one type of compounded Pergolide, then switch to another.
Compounded Aqueous Pergolide:
· Supplied as an aqueous suspension, but only stable for 30 days according to recent study (Davis, 2009)
· Higher temperatures and light exposure negatively impact stability

· Use amber bottles and consider refrigerating

Non-Aqueous Compounded Pergolide: 

· Assess potency and stability of various formulations

· Liquid, powder, and capsules in  common use by practitioners (major compounders)

· Stability of the compound was determined at 15, 30, 45 and 60 days post receipt of the drug stored at room temperature and under refrigeration. 

Non-Aqueous Compounded Pergolide (Scott Stanley, UC Davis, AAEP 2010-to be presented.)
What To Expect with Pergolide:
· Increase in “energy” and activity-IT WORKS!

· Improvement in physical appearance

· Lower incidence of associated problems

· Laminitis

· Sole abscesses

· Sinusitis

· PUPD

· Proper shedding of the winter haircoat the following season

· Back to "his old self"-warn owners about this!
Cyproheptadine: 
Synergistic activity with Pergolide; use if no response to Pergolide alone
· Type: Serotonin antagonist

· Action: Reduces excitation of PI cells

· Dose:  0.25 mg/kg SID for 2 weeks

· Increase to BID for 2 months

· 125 mg for 500-kg horse

· Response: Improvements in hirsutism, laminitis, lethargy, ACTH levels, 


and DST results

· Side-effects:  Drowsiness and ataxia

Trilostane (Vetoryl®):
· Type: 
Competitive inhibitor of 3-β-hydroxysteroid dehydrogenase 

· Action:  Inhibits cortisol synthesis within ADRENAL gland

· Dose:
1 mg/kg q24h

· Response: Improved laminitis and lethargy 

· TRH response    Improved

· Side-effects:
Mild hyperexcitability

· COST: $9500/year 

Mitotane:
· NOT used in horses (only 10% with adrenal hyperplasia)

Laboratory Monitoring: 

· Resting plasma ACTH concentration (with glucose and insulin measurements)

· Dexamethasone suppression testing (DST)

· Resolution of neutrophilia and lymphopenia
· IS THIS HORSE IR? Key Question
PPID Nutrition-2 Basic Principles of Feeding:
· Weight maintenance, OR weight gain when the horse has skeletal muscle atrophy (weight loss)

· Dietary management of horses with insulin resistance

· Provide calories and nutrients without exacerbating insulin resistance

· Limit access to pasture

Nutrition-Client Education: 

· Insulin resistance is a “diabetes-like” state

· “Sugar” in grass exacerbates IR

· PPID further exacerbates IR 

· Insulin resistance lowers the threshold for laminitis

· Triggers for laminitis include: intestinal events, changes in diet, and seasonal alterations
· Assess the individual (severity of IR)

· Major disadvantages of grazing:

· Unregulated source of sugars & protein

· Dynamic diet

· Laminitis triggers associated with grazing are increased

· May be possible after PPID/IR patient stabilizes on treatment

Nutrition-Lean phenotype + IR (more difficult to manage):
· A hay diet is preferred 

· Feed hay for weight maintenance (> 2% bwt)

· Provide vitamins, minerals, and protein in the form of a ration balancer or supplement

· Ration balancer:     

· Purina Nature’s Essentials® Enrich 32 

· Vitamin/mineral supplement:   

· Purina Nature’s Essentials Free Balance

· Target IR®; Vet-A-Mix Lloyd, Inc. (DVM only)

Nutrition Key Points-Hay:
Normal insulin sensitivity

· No restrictions; feed as normal

Insulin resistant

· Feed low-NSC hay (aim for < 10% NSC)

· Soak hay in cold water-30-60 min prior

· Dairy One / Equi-Analytical Laboratory (1-877-819-4110; $30 per sample) www.equi-analytical.com 

· Impossible to determine NSC from appearance!

Nutrition Key Points-Grain/Pellets:
Normal insulin sensitivity

· No restrictions; feed as normal

· Purina Equine Senior® and other senior feeds

· Sweet feed

Insulin resistant

· Low-starch / low-sugar pelleted feeds 

· Purina Equine Senior® can be fed to some insulin-resistant horses, but check insulin levels 

Nutrition-Vitamin E:
· Pathophysiology of PPID includes oxidative degeneration of dopaminergic neurons 

· Hereditary component as well as environment

· Obesity and IR predispose horses
· May counteract immunosenescence
· Vitamin E is recommended: 1,000 IU/day as a supplement 

· Elevate W.S.® 500 IU/mL  by Kentucky Performance Products 

·  Liquid  (veterinarian only)  

· Powder (on-line store)

· Insidious onset laminitis:
· Laminitis can be refractory to management and treatment

· Recurrent episodes

· Subsolar abscesses

· Often the problem that leads to a decision for euthanasia

· Vet/Farrier/Owner team paramount to success
Routine Dentistry:
Dental disease affects 60% over 15 years of age1

· Periodontal disease

· Diastema

· Malocclusions

· Smooth Mouth

· Dental Caries

· Choke and Colic

· Thin, slow-eating horse with halitosis and quidding

· Dentistry by licensed veterinarian paired with appropriate nutrition
Vaccination of Aged Horses: An Emerging Field?

· Age-associated decline in body condition, muscle tone, and immune function1-4
· Reduced antibody response to vaccination5-6
· Decrease in HI-antibody and influenza virus specific antibody 9-15 years5-6
· Antigen recall reduced7
· Rabies vaccination7
Supplemental Management:
· Custom Vaccination Programs/Geriatric Wellness Programs

· Body Clipping

· Strategic Deworming

· Activity

· laminitic or non-laminitic

· 20-30 min 5 days/week

· Improves insulin 

· Adequate water for PU/PD horse
Take-Home Messages for Success: 

· Clinical recognition PPID vs. EMS

· Diagnostic testing for PPID

· Is the horse also IR?

· Appropriate treatment starting with Pergolide

· "Whole Horse" Mgmt strategy for success 

· A Team Approach

Special Thanks to Nick Frank, Hal Schott for assistance.
Does "Whole Horse" Management for PPID work? Yes, it does.
