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Disorders of Growth Disorders of Growth 
HormoneHormone

Practical EndocrinologyPractical Endocrinology
Wendy Blount, DVMWendy Blount, DVM

The Pituitary GlandThe Pituitary Gland

• Two parts
1. Adenohypophysis – anterior lobe

• Pars distalis
• Pars intermedia
• Pars infundibularis

2. Neurohypophysis  - posterior lobe

Growth Hormone (GH) = SomatotropinGrowth Hormone (GH) = Somatotropin

• Made by the pituitary and by mammary tissue
• Progestagens increase GH

• Secreted in a pulsatile fashion by the pituitary, every 2-6 
hours
• Peaks induced by GHRH (Growth Hormone 

Releasing Hormone) from the hypothalamus
• Troughs induced by somatostatin from the GI tract

• aka somatotropin release inhibiting factor (SRIF)
• Somatomedins are secondary growth factors 

affected by GH
• IGFs – insulin like growth factors (from liver)
• Half life is 10 minutes to 12 hours, depending on 

what it is bound to

Growth Hormone (GH) = SomatotropinGrowth Hormone (GH) = Somatotropin

• Too much GH
• Acromegaly
• Secondary diabetes mellitus
• Giantism

• Not enough GH
• Pituitary dwarf
• Alopecia X

DDx DDx -- Failure to GrowFailure to Grow

• Endocrine causes
• GH deficiency or inefficacy
• Hypothyroidism
• Glucocorticoid excess or deficiency
• Vitamin D metabolism disorder
• Poorly regulated DM

• Non-endocrine causes 
• Genetic small stature
• Malnutrition – including intestinal parasitism
• Severe chronic disease 
• Organ dysfunction
• Abnormal bone growth

GH DeficiencyGH Deficiency

1. GHRH Deficiency - dysfunction of the hypothalamus
• Congenital
• Acquired

• Tumor and/or inflammation
• Trauma

2. GH deficiency - dysfunction of the pituitary (anterior)
• Congenital – GH alone or all pituitary hormones
• Acquired

• Tumor and/or inflammation
• Trauma

3. GH dysfunction or insensitivity
4. Abnormalities in somatomedins
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Pituitary Dwarfism Pituitary Dwarfism –– Congenital GH DeficiencyCongenital GH Deficiency

• Autosomal recessive in GSD
• Deficiency of GH*, TSH*, FSH/LH and prolactin (not 

ACTH) 
• Genetic screening is available for dogs
• Rarely found in cats and other dog breeds

Karelian Bear DogSaarloos Wolfhound Czechoslovakian 
Wolfdog

Pituitary Dwarfism Pituitary Dwarfism –– Congenital GH DeficiencyCongenital GH Deficiency

Pituitary Dwarfism Pituitary Dwarfism –– Congenital GH DeficiencyCongenital GH Deficiency

• CC – skin and haircoat problems, retained puppy coat
• 3-5 months of age
• Seem relatively normal until 8 weeks of age
• Proportionate growth failure

• Pointed muzzle like a fox
• Delayed closure of growth plates, open fontanelles
• Delayed dental eruption

• Different from congenital hypothyroidism alone
• Cretins have disproportionate growth failure

• Thick, broad heads
• Short limbs

Pituitary Dwarfism Pituitary Dwarfism –– Congenital GH DeficiencyCongenital GH Deficiency

• Symptoms as time goes on past 6 months of age
• Truncal alopecia
• Skin lesions develop

• Hyperpigmentation
• Scales
• Thin and wrinkled
• Comedones, papules, pyoderma

• Sterility
• Males – cryptorchidism, testicular atrophy
• Females – persistent anestrus or irregular estrus

• Puppy-like, shrill bark

Pituitary Dwarfism Pituitary Dwarfism –– Congenital GH DeficiencyCongenital GH Deficiency

• Symptoms after 2-3 years of age
• Lethargy, inactivity, dull mentation
• Anorexia 
• Renal insufficiency
• Anemia, hypophosphatemia, Hypoalbuminemia
• hypercholesterolemia

• Degree of growth failure is variable
• Most severely affected GSD weigh only a few 

pounds at 1-2 years of age
• More mildly affected may be half normal size

• Severity of symptoms is variable

Pituitary Dwarfism Pituitary Dwarfism –– Congenital GH DeficiencyCongenital GH Deficiency

• Dermatohistopathology – endocrine disorder
• Keratinization disorders:

• Orthokeratotic hyperkeratosis

• Follicular hyperkeratosis
• Trichilemmal keratinization

• Hair follicle disorders
• Follicular dilitation and atrophy
• Hair follicles in telogen

• Vacuolated or hypertrophied arrector pili muscles (TSH)

• Sebaceous gland atrophy
• Epidermal disorders

• Melanosis
• Thinning of dermis

• (Decreased dermal elastin – controversial)
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WorkWork--Up for a Poor GrowerUp for a Poor Grower

1. First Tier Screening Tests
• CBC, panel, lytes
• Fecal flotation and direct smear
• HW Test if older than 6-7 months

2.  Second Tier Screening Tests
• Imaging – thoracic radiographs and abdominal US
• Radiographs of growth plates
• TLI

• Thyroid panel – TSH, TT4, freeT4
• IGF-1 assay (Michigan State Endocrine Lab)

• GH assay often unavailable and difficult to interpret

WorkWork--Up for a Poor GrowerUp for a Poor Grower

3.  Definitive Diagnosis
• Genetic testing – LHX3 gene mutation – abnormal abnormal
• Not available in the US at this time
• Veterinary University Utrecht - Netherlands

• Van Haeringen group/VHL genetics – Germany, Belgium, 
Netherlands (required signed witness statement)

• Laboklin DE - Denmark

VetGen.com is a service in the US that will arrange  for the 
testing overseas

• https://vetgen.com/canine-pitdwarfism.html

Historical TestsHistorical Tests

• Made obsolete by genetic testing:
• GHRH Stimulation Test
• Clonidine Stimulation Test
• Xylazine Stimulation Test
• Ghrelin Stimulation test
• Combined CRH, GHRH, GnRH, TRH Stimulation 

Test
• ACTH, LH, GH and TSH are measured
• 9 timed samples over 2 hours

• Inconsistent results in dogs as opposed to people
• GH stimulation by arginine, resulting in 

hypoglycemia

IGFIGF--1 Assay1 Assay

• Available at MSU Endocrine lab
• IGF-1 levels more stable than pulsatile GH
• But affected by numerous variables

• Age
• Sexual maturity
• Nutritional status

• Starvation lowers IGF-1 levels

Referral for Advanced Care TestsReferral for Advanced Care Tests

• CT/MRI
• Pituitary cysts – most pituitary dwarves eventually 

get them
• They often cause neurologic signs
• Size increases with maturity

• Healthy dogs may also have pituitary cysts
• But they are not as progressive
• And often don’t cause clinical signs

Treatment of Pituitary DwarfismTreatment of Pituitary Dwarfism

• GH supplementation
• hGH from human cadavers was used until the 

1980’s when concern arose over transmission of 
Creutzfeldt-Jakob disease (prions)

• Then rhGH became available
• One dog developed antibodies to rhGH and had an 

anaphylactic reaction to injection after 1 month
• Porcine GH (pGH) is thought to be a better choice 

for dogs because the AA sequence is identical to 
canine GH (0.1 IU/kg SC 3x a week)

• rpGH is intermittently available
• IGF-1 used as therapeutic monitoring (use age 

specific reference ranges)
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Treatment of Pituitary DwarfismTreatment of Pituitary Dwarfism

• GH supplementation
• DM due to glucose intolerance can be a side effect
• Rechecks every 4-6 weeks until regulated, then as 

needed 1-3x a year
• Blood glucose
• IGF-1 (MSU Endocrine Lab)

• T4 – supplement T4 as needed

• Lifelong dose based on what is required to normalize 
IGF-1 levels

• Expectations for response to therapy
• Secondary hairs will regrow (puppy coat)
• Primary hair regrowth is variable
• If growth plates are still open, growth can occur

• Maximum height reached in a few months

Megace (medroxyprogesterone acetate)Megace (medroxyprogesterone acetate)

• 2.5-5 mg megace q3weeks, then q6weeks
• 2 pituitary dwarfs developed a full haircoat in 6 months
• One dog developed acromegaly despite GH levels 

never exceeding reference range
• Both dogs had recurrent pruritic pyoderma
• One dog developed cystic endometrial hyperplasia 

with mucometra 
• OHE now recommended prior to megace therapy

• Dogs were followed for 3-4 years and did well
• Similar results with proligestone 10 mg/kg q3weeks
• Megace may be acceptable if rpGH and pGH are not 

available

PrognosisPrognosis

• Untreated, most die or are euthanized at 3-5 years of 
age
• Expansion of pituitary cysts
• Renal failure
• Infection 

• Treated dogs can do well for several years, if side 
effects are managed
• Acromegaly, DM, pyometra, pyoderma

• Long term prognosis is guarded
• Life expectancy is shorter than usual
• Most die before they reach geriatric age

Acquired GH DeficiencyAcquired GH Deficiency

• Aka adult onset GH deficiency
• Pituitary tumor is the most likely cause
• Also caused by neurosurgery or radiation therapy
• Less common causes

• Traumatic brain injury
• stroke

• Accompanied by Addison’s Disease, profound 
hypothyroidism and/or diabetes insipidus

Alopecia XAlopecia X

aka:
• GH Responsive Alopecia
• Castration Responsive Alopecia

• Pseudo-Cushing Syndrome
• Follicular Dysplasia

• Adrenal Sex Hormone Alopecia
• Biopsy Responsive Alopecia
• Hair Cycle Arrest

• Black Skin Disease
• The Coat Funk

Alopecia XAlopecia X

• suspected to be more complicated than simple GH 
deficiency

Clinical presentation:
• double coated Nordic Breed or poodle
• Onset usually young adult
• Hair loss from areas of wear (collar, caudal thighs)
• Progresses to truncal alopecia usually with 

hyperpigmentation (exception white poodles)
• There can be local regrowth after trauma
•• No systemic DiseaseNo systemic Disease
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Alopecia XAlopecia X

Diagnosis:
• Exclude other endocrinopathies

• Cushing’s Disease
• Hypothyroidism
• Hyperestrogenism (Sertoli Cell Tumor)
• Hyperprogesteronism (adrenal or testicular 

tumor - rare)
• Seasonal flank alopecia
• Follicular dysplasia
• Sebaceous adenitis

• Definitive positive diagnosis is not possible – it is a 
diagnosis of exclusion

Alopecia XAlopecia X

Work-up for truncal alopecia:
• Skin biopsy to confirm endocrine alopecia

• “flame follicles” more prominent and abundant 
than with other endocrine dermatopathies

• Large spikes of fused keratin appearing to 
protrude through the outer root sheath to the 
vitreous layer

• ACTH stimulation test or Low Dose Dex Test
• Consider UTennessee extended ACTH Stim
• Centrifuge ASAP and freeze serum

• Thyroid panel
• Abdominal US for adrenal or cryptorchid tumor

Alopecia XAlopecia X

Treatment:
• Symptoms are cosmetic, so treatment is weighed 

against side effects
• Treatment is not always effective
• Some are using Trilostane

1. Castration – little down side in the mature dog
2. Melatonin – 1-3 mg per dog per day

• 50% will have regrowth within 2-3 months
• Then taper to lowest effective dose

3. Trilostane – side effects uncommon, but can be 
severe if adrenal necrosis

4. pGH/rpGH, mitotane – many side effects

Alopecia XAlopecia X

GH ExcessGH Excess

• Acromegaly – GH excess in adulthood
• akron – extreme or extremity
• megas - large

• Giantism – GH excess before growth plates close

Feline AcromegalyFeline Acromegaly

• CC – difficulty regulating a diabetic
• May or may not also have hyperadrenocorticism
• Acromegalic physical changes may not be obvious
• Most but not all acromegalic cats are diabetic

• 10-15% of cats with diabetes mellitus also have 
acromegaly

• Caused by a GH producing pituitary adenoma
• May or may not see it on a CT/MRI

• Geriatric - Most cats older than 8 years old
• More common  in male or castrated male
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Feline AcromegalyFeline Acromegaly

Clinical Signs
• Acral enlargement of soft tissues and organs

• Broadening of the head
• Prognathia inferior – enlarging mandibles
• Widening of interdental spaces
• Enlarged tongue
• Respiratory stridor – thickened oropharyngeal 

tissue
• Pot bellied appearance – organomegaly
• Clubbed paws, like a tomcat
• Degenerative arthropathy (may be asymptomatic)
• Hypertrophic cardiomyopathy – systolic murmur

Feline AcromegalyFeline Acromegaly

Clinical Signs
• Diabetes mellitus

• PU/PD, *polyphagia* , pancreatitis (DKA rare), diabetic 
neuropathy, unkempt haircoat

• Weight loss, then stabilization, then weight gain
• anabolic effects of insulin and GH

• insulin resistance with time (15-30 U BID)

• Neurologic signs due to tumor expansion – 10-15%
• Lethargy, somnolence, obtunded, stupor
• anorexia, adipsia
• Blindness
• Temperature  dysregulation
• Cerebral signs – behavior changes, circling, seizures

Feline AcromegalyFeline Acromegaly

Lab work
•• Hyperproteinemia the only parameter distinguishing Hyperproteinemia the only parameter distinguishing 

diabetics from acromegalic diabeticsdiabetics from acromegalic diabetics
• Mixed evidence on whether CRF is more common in 

acromegalic diabetics as compared to normo-GH 
diabetics

Imaging
• May see organomegaly on rads, US, CT/MRI

• Hepatomegaly is most consistent
• Also adrenals, spleen, kidneys, pancreas, heart, 

oropharyngeal tissues
• Hyperostosis of bones
• Degenerative arthropathy

Feline AcromegalyFeline Acromegaly
Diagnosis
• GH assay is problematic

• Intermittent availability
• Difficult sample handling – EDTA-coated ice chilled tubes, 

overnight delivery
• IGF-1 – reflects 24 hour GH secretion – Michigan State

• No express delivery on ice needed
• IGF-1 is normal in a few acromegalic cats, early in the 

disease process
• Diabetic dysregulation can lower IGF-1, and IGF-1 can 

temporarily be very high after initiation of insulin therapy
• Treat with insulin for 6-8 weeks prior to assaying IGF-1

• 800-1,000 ng/ml is grey zone
• >1,000 ng/ml is diagnostic for acromegaly
• False positives due to anabolic effects of insulin

Feline AcromegalyFeline Acromegaly

Distinguishing Hyperadrenocorticism from Acromegaly
• Diabetic cats with hyperadrenocorticism

• Weight loss, cachexia
• Skin fragility, hair loss, change in coat color
• May be prone to DKA

• Diabetic cats with acromegaly
• Weight gain despite poor regulation, robust muscle tone
• Often have good haircoat quality
• Rarely suffer from DKA, despite poor regulation
• Cats do well as long as they have access to water to 

prevent dehydration, have no devastating litter box 
problems, and do not develop neurologic problems

• Can often regulate with higher doses of insulin

Feline AcromegalyFeline Acromegaly

Treatment
• May not be necessary if insulin regulation sufficient for good 

quality of life can be achieved
1. Radiation therapy – most common treatment

• Size reduction of large tumors is noted

• 70-80% improvement in diabetic regulation
• 50% diabetic remission within 1 year, but may be temporary

2. Pituitary surgery
• Offered at only a few referral centers
• Diabetic remission is possible

3. Medical treatment has proven ineffective
• L-deprenyl
• Somatostatins – octreotide, lanreotide

• GH receptor antagonist - pegvisomant
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Feline AcromegalyFeline Acromegaly

Prognosis
• Most cats euthanized within several months due to difficulty 

in regulation
• High and/or widely fluctuating insulin doses
• Persistent PU-PD, polyphagia

• Sequellae of acromegaly
• Congestive heart failure
• Respiratory distress

• Neurologic signs 

TeddyTeddy

• High and/or widely fluctuating insulin doses
• Pathologic Polyphagia
• Diabetic at 12 - FIV+, died at 19 of metastatic bladder tumor

TeddyTeddy Canine AcromegalyCanine Acromegaly

• Almost always caused by GH hypersecretion by the 
mammary glands in intact females

• Can be caused by long term megace therapy for 
estrus prevention

• Can occur spontaneously
• Responds to OHE

• Can be caused by mammary tumors that secrete 
progestagens

• Potentially reversible in weeks to months after 
megace stopped or OHE
• Bony changes persist

• Pituitary adenoma has been described in 2 dogs
• One diabetic, and one not

Canine AcromegalyCanine Acromegaly

Diagnosis

• Make sure to run a thyroid panel first
• TSH, TT4, freeT4

• GH and IGF-1 are elevated in hypothyroid dogs
• Acromegalic dogs will have a normal thyroid panel
• If thyroid is low, treat hypothyroidism first and then 

re-test for acromegaly later

• Most owners would want to spay first , and then 
re-test for rare pituitary acromegaly if symptoms of 
diabetes and acromegaly persist

• Glucose is toxic to beta cells, so early treatment 
increases likelihood of diabetic remission

Canine AcromegalyCanine Acromegaly

Diagnosis
• GH assays – if you can find a canine test

1. 3-5 samples at 10 minute intervals
• Repeated high results are strong evidence 

2. Somatostatin Suppression Test
• 10 mcg/kg somatostatin IV
• Post samples at 15, 30, 45, 60 and 90 minutes
• No suppression = acromegaly 

3. Glucose Tolerance Test – if not diabetic
• 1 g/kg 50% dextrose IV

• Post samples at 15, 30, 60 and 90 minutes
• Measure GH, insulin, glucose 
• Acromegaly – no GH suppression, insulin stays very 

high, delayed return of glucose to normal
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Canine AcromegalyCanine Acromegaly

Diagnosis
• IGF-1 – 2-3x normal
• IGF-1 levels vary with body size
• Size dependent reference ranges should be used

MSU Endocrine Lab Reference Ranges

Canine AcromegalyCanine Acromegaly
Treatment
• OHE and remove mammary tumors
• Discontinue megace
• Wean off insulin

• Gradual decrease after stopping megace, over 
weeks to months

• Aglepristone (Alizin, Virbac) 10 mg/kg SC SID x 2d 
each week can hasten progestagen normalization
• Progesterone receptor blocker
• Can be used perioperatively

• Decreased insulin demand more rapid after OHE –
can go into remission in days

• Monitor blood glucose and give insulin as needed
• Surgery or radiation therapy if rare pituitary tumor

SummarySummary

• PowerPoint Handout goes behind the red tab

• Laboratory Forms
• MSU Endocrine Lab Submission Form
• MSU Endocrine Lab Reference Ranges
• MSU Fee Schedule
• U of Tennessee Submission Form
• U of Tennessee Test Guidelines and Protocols

SummarySummary
• Client Handouts

• Feline Acromegaly
• Alopecia X
• Atypical Cushing's Disease – U of Tennessee
• Pituitary Dwarfism

• Drug Handouts for Clients
• Melatonin
• Trilostane
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