
1

1

Adrenal ultrasound 

examinations:

What you can and cannot 
diagnose? 

Prof Johan P Schoeman
BVSc, MMedVet, PhD, DSAM, Dipl. ECVIM-CA
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Questionnaire?

• Please fill out the circulating questionnaire on CPD requirements

– Which ultrasound courses would be most desirable?

– Free text any topics for 3-5 day CPD courses
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HPA - axis
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Nomenclature “nomen”- name + “calare”- to call

• Adrenal or supra-renal glands

• Cortex (mesodermal origin)
– Z. Glomerulosa – Aldosterone
– Z. Fasciculata – Cortisol
– Z. Reticularis – Sex steroids (DHEA & DHEAS)

• Medulla (Neural crest origin)
– Adrenaline aka Epinephrine “Epi” and “Nephron”
– Noradrenaline aka Norepinephrine 
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Adrenal gland origin
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The adrenal medulla is a “trapped” ganglion
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Adrenal blood supply
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Imaging of the adrenal glands

• Small, paired structures located in the craniodorsal abdomen
• Medial to the ipsilateral kidney
• Adjacent to the aorta (Left)
• Adjacent to the caudal vena cava (Right)

• Normal left adrenal is hypoechoic to surrounding fat, well-defined with 
an elongated bilobed shape, resembling a peanut.

• Normal right adrenal wedge-shaped in some dogs, but mostly ovoid.

• High resolution reveals a thin hyperechoic line, representing the 
cortico-medullary junction
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Normal left adrenal gland – note the CM junction
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Normal right adrenal gland – note the wedged shape
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Left adrenal

15

15

Left adrenal with colour Doppler showing
CA, CMA, RA and left phrenico-abdominal artery
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Vascular landmarks for the left adrenal gland
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Adrenal ultrasonography
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Normal adrenal size: Caudal pole width

• Dogs
– < 10 kg: up to 5 mm
– 10 - 20 kg: up to 6 mm
– 20 - 30 kg: up to 7 mm
– > 30 kg: up to 8 mm

• Cats
– 3 - 4 mm
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Left adrenal in PDH, measuring 10 mm at the caudal pole
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Incidental nodule in the left adrenal gland
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Parvo puppy
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Case 1: 8 year old female neutered Corgi
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History

• Owner has recently (within the last month) moved house

• Patient stayed with the client’s mother for the past 2 weeks

• Became progressively lethargic and depressed
– thought to be pining for the owner

• Developed acute haemorrhagic diarrhoea and vomiting over night

• Owner woke up at 4 am and rushed her to Outpatients
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Clinical examination & MDB

• All clinical parameters were within normal limits

• Discomfort on abdominal palpation

• Ht = 0.45 l/l

• TSP = 59 g/dL
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Serum Lipase concentration
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Sodium and potassium concentrations
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Na/K ratio = 31.6
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Interim treatment

• Ringer’s lactate @ 2 x maintenance

• Cerenia 1ml/10kg = 1.78 ml

• Diomec 5 ml BID

• Omeprazole

• Clopamon @ 0.5 mg/kg
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Diagnostic imaging (1)

30

30

Diagnostic imaging (2)
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Basal cortisol concentration
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Interpretation & treatment over the weekend

• Slowly tapering intravenous fluid therapy

• Prednisolone 1% injections @ 0.2 mg/kg BID

• Awaiting Post-ACTH cortisol on Monday

• What % of dogs with HypoA have basal cortisol concentrations < 55 nmol/l? 
– What is the SENSITIVITY of a basal cortisol @ this cut-off?

• SENS = positivity in disease; SNOUT

• What % of dogs with chronic gastrointestinal signs have basal cortisol 
concentrations < 55 nmol/l?
– What is the SPECIFICITY of a basal cortisol @ this cut-off and in this 

particular control population?
• SPEC = negativity in health; SPIN
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Post-ACTH cortisol concentration
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What does prior Glucocorticoid therapy do to 
a dog’s post-ACTH concentrations?
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What is the evidence?
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What is the evidence?
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What is the evidence?
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What is the evidence?
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Case 2: Chloe - Pred Rx for past two years?

• Basal eACTH on alternative day without Preds: < 10 pg/ml

• Basal Cortisol: < 27.6 nmol/l (1ug/dl)
• Post ACTH cortisol: 136 nmol/l (5 ug/dl)
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What is the evidence?
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What is the evidence?
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Regulation of the HPA axis
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Diagnosis

• Isolated glucocorticoid-deficient primary hypoadrenocorticism

• A.k.a Eunatremic, Eukalemic Hypadrenocorticism (EEH)

• In other words, they are “atypical”, because their Na/K levels are normal

• Therefore, their Z. glomerulosas are spared and…..
• their aldosterone levels are normal – or are they?
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From Baumstark et al….
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Treatment

• Prednisolone @ 0.2 mg/kg BID
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Received for peer review last month…..
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Follow-up two weeks later
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Na/K ratio = 30
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Lifelong treatment

• Prednisolone @ 0.15 mg/kg OID

• Practically boils done to ½ tablet Prednisolone ONCE daily

• Follow up on 10 May 2022 (4 weeks later). Owner reported that the 
patient is doing very well

• Warned the owner to double the dose during stressful episodes

• Re-iterated that she should return monthly (for the first 4-6 months) to 
check electrolyte levels
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Case 3: “Bagheera” German Shorthaired Pointer

50

50

Bagheera: History and clinical findings

• Presented with acute haemorrhagic diarrhoea
• Anaemia; Ht = 21; Coomb’s and ISA negative
• Electrolytes normal
• Basal cortisol < 27.6 nmol/l (after 48 hours of Dexamethasone treatment)
• Post ACTH cortisol: 49 nmol/l
• Gastric and pyloric ulcerations on Gastroscopy
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Gastroscopy (1)
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Gastroscopy (2)
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Fig 3. Receiver operating characteristic (ROC) curve (dogs with hypoadrenocorticism versus dogs with 
nonadrenal illness) for serum or plasma basal cortisol concentrations for the diagnosis of 
hypoadrenocorticism. The thin diagonal line represents a completely uninformative test, wherein the area 
under the curve (AUC) is 50%. The area under the ROC curve represented by the thicker line is 98.8% (95% 
CI, 0.979–0.997). The overall most accurate cut-point identified on the curve was 22 nmol/L, which had a 
sensitivity and specificity of 96.9 and 95.7%, respectively.
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Dogs Dogs

with with

Basal HA NAI

Cortisol (total (total % Sensitivity % Specificity

(nmol/L) n = 163) n = 351) (95% CI) (95% CI)

≤5.5 133 3 81.6 (74.8–87.2) 99.1 (97.5–99.8)

≤10 144 4 88.3 (82.4–92.8) 98.9 (97.1–99.7)

≤22 158 15 96.9 (93.0–99.0) 95.7 (93.0–97.6)

≤28 160 30 98.2 (94.7–99.6) 91.5 (88.0–94.2)

≤40 162 61 99.4 (96.6–100) 82.6 (78.2–86.4)

≤55 162 116 99.4 (96.6–100) 67.0 (61.8–71.8)

Table 1. Calculated sensitivities and specificities of various serum or plasma 
basal cortisol concentrations for the diagnosis of hypoadrenocorticism in dogs.

33% of dogs 
with NAI had 
BSC < 55 nmol/l
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Greater proportion of dogs (35%) with normal 
electrolytes have BSC < 55 nmol/l
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Discussion

• Much debate about this entity called “atypical” hypoadrenocorticism

• Most of these cases actually have low aldosterone levels

• How do they manage to maintain normal electrolyte levels then?
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„Atypical“ 

• Postulation, in some dogs the destructive process is
confined to zona fasciculata/reticularis isolated
glucocorticoid deficiency
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„Atypical“  - However:  

• Lack of generally accepted definition

• In most studies limited characterisation of
patients, i.e. aldosterone, cACTH not measured

• No histological studies available, confirming
intact zona glomerulosa

„It was assumed that aldosterone secretion was normal
as sodium and potassium were within reference ranges“
(Mansfield 2000)
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• missed aldosterone peak
• diuretics
• vomiting - alkalosis
• tubulopathies
• high delivery of K+ to CD
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Potential explanation  
  
 

If sodium intake is sufficient to maintain normal
ECF volume and distal tubular flow rate, an animal with 
hypoadrenocorticism may be able to maintain potassium 
balance.

DiBartola and Autran de Morais, 2006
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Baumstark et al 2014 again….. 70 dogs with HypoA
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Expected cortisol results after ACTH stimulation
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Aldosterone stimulation after ACTH
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No “missed” aldosterone peak
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Dissociation between electrolytes and aldosterone
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One layer failing at a time……
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Low/insufficient aldosterone in “atypical” cases
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Case 4: Twit Strydom 14 February 2024 - JRT
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Twit Strydom
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Twit Strydom
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Twit Strydom
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Case 5: 28/04/2022
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Signalment

• 15 year old
• Spayed female
• Burmese

• She is fed on a raw diet

• Primary complaint of uncomfortable urination (slight red discolouration), 
constipation, ataxia and weakness
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History

• In 2019, she was diagnosed with chronic renal failure

• She had mild azotaemia

• Increased SDMA (value not specified)

• Marked hypokalaemia
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Minimum data base

• Clinical examination
– HR = 132; T = 37; RR = 32
– Distended, gas-filled intestines
– Painful on palpation of the right hind
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CBC and biochemistry (1)
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CBC and biochemistry (2)
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Extended database (1)

• Serum inorganic phosphate 1.5 mmol/l (1.2 – 2.4)

• UPC ratio   0.12  (< 0.2)

• BP    160/90 mmHg (< 150 mmHg)

• Total T4   23 nmol/l  (14-42)
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Diagnostic imaging
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Left kidney
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Plasma aldosterone concentrations
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Diagnosis

• Primary Hyperaldosteronism (Conn’s syndrome)

• Stage 2, non-proteinuric renal disease

• Moderate hypertension

• Bacterial cystitis
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A bit of pathophysiology…….(1)

89

Vascular 
baroreceptors in the 
afferent arteriole 
stimulate renin 
secretion in response 
to reduced renal 
perfusion pressure

The macula densa in 
the distal tubule, 
adjacent to the afferent 
arteriole, senses low 
distal tubular Na+ & Cl- 
delivery, resulting in 
renin release
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A bit of pathophysiology ………(2)
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Treatment

• Spironolactone 2mg/kg; ¼ tablet (6 mg) OID

• Semintra (dose)? OID

• Lacson 2 ml BID

• Enrofloxacin  1 tablet (50 mg) OID for 10 days
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Follow-up visit
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Treatment decisions

• Aetiology of Hyperaldosteronism
– Adrenal tumour (much higher aldosterone)
– Nodular hyperplasia

• Concomitant chronic renal disease
– ACE inhibitor; ARB?; Ca-channel blocker?
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Discussion

• Primary Hyperaldosteronism is the most common adrenocortical 
disorder in cats

• However, the disease is largely underdiagnosed, because hypertension 
and hypokalaemia are usually attributed to CRF

• Yet, the CRF may be a consequence of primary hyperaldosteronism

• Moreover, BP is not routinely measured

• Lastly, adrenals are not routinely examined by ultrasound
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Disease manifestations (1)
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Histology of 
adrenals stained 
with neuron-
specific enolase 
(NSE)

Zona glomerulosa
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Disease manifestations (2)
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Disease manifestations (3)

97

Both cats were diagnosed 
with concurrent 
hyperaldosteronism and 
hyperprogesteronism
Cat (a) developed diabetes 
mellitus
Cat (b) demonstrates the 
very thin skin and 
prominent blood vessels 
commonly seen in cases 
with high progesterone and 
cortisol
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Mode of action
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Case 6:
Munkee, 13-year-old DLH cat
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Serum Aldosterone
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Right adrenal tumour
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Post-adrenalectomy
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Excised tumour
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Post-operative picture
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Pupils are constricting
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Contra-lateral adrenal 1 week post operation
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Case 7: one year old Cat 
Anorexic, listless
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History of Depo-Medrol Rx over the past 6 months
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Aldosterone pre- and post ACTH stimulation
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pg/ml to 
pmol/l x 2.77
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Case 8: Lexi Mouton – 6 year old Yorkshire Terrier
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History

• Signalment: Lexi is an approx. 6 year old female spayed Yorkshire Terrier with a
weight of 8.5 kg.

• Presenting complaint: Lexi presented for a Cushing’s workup.
• History: Lexi was diagnosed with hyperadrenocorticism in July 2020. Owners noticed

a severe increase in weight, potbellied appearance and polyphagia. They also
noticed polyuria and polydipsia. A low dose dexamethasone suppression test was
performed and the following results were obtained:

• Basal cortisol: 353 nmol/L,
• 4 hours post: 139 nmol/L,
• 8 hours post: 263 nmol/L.
• She was started on 20 mg Trilostane oid (2.5 mg/kg oid)
• After 4 weeks no real improvement was seen and dose was increased to 30mg bid

(3.5mg/kg bid).

111

Physical examination

• On presentation Lexi was bright, alert and responsive. 
• Her clinical parameters were within normal limits. 
• Abdomen had an obvious potbellied appearance. 
• The abdominal skin is thin, with prominent vasculature. 
• The skin is dry and scaly. 
• Lexi also had bilateral patella luxation (Grade 2?)
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Question?

This low dose dexamethasone suppression test is consistent with:

a) Adrenal dependent Hyperadrenocorticism (ADH)
b) Pituitary dependent Hyperadrenocorticism (PDH)
c) A false positive test result
d) A false negative test result
e) The test cannot distinguish between PDH and ADH

353

139

263

100

200

300

113

Abdomen
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Abdominal skin close up

115

Haematology – 16 October 2020
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Serum chemistry - 16 October 2020
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Question?

What is the most likely cause of the hyperkalaemia?

a) Hyperaldosteronaemia
b) Trilostane therapy
c) Cushing’s syndrome
d) Thrombocytosis
e) Polycythaemia

118

Mode of action
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Different forms of HAC
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PDH a.k.a
ACTH-dependent

ADH a.k.a
ACTH-independent
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Endogenous ACTH

Hours from trilostane administration
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Witt and Neiger (2004) Vet Record 154: 399-400

ACTH increases after Trilostane is given

121

US left adrenal cranial pole 11 mm (< 6mm)
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Ultrasound L adrenal cdl pole 13 mm (<6mm)
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Ultrasound right adrenal 11 mm (< 6mm)
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Gall bladder sludge
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Liver

Liver

Right 
kidneyHypo-echoic 

lesion
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Question?

• The liver is often enlarged in cases of hyperadrenocorticism and tends to 
have a hyper-echoic appearance on ultrasound.

• DD’s for the hypoechoic lesion seen?

127 128



33

Question?

The above signalment and diagnostic findings are consistent with?

a) Adrenal-dependent hyperadrenocorticism (ADH)
b) Pituitary dependent hyperadrenocorticism (PDH)
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Different forms of HAC
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PDH a.k.a
ACTH-dependent

ADH a.k.a
ACTH-independent
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Canine hyperadrenocorticism
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Wide-ranging effects of cortisol
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Which test is next?

a) Low dose dexamethasone suppression test
b) ACTH stimulation test
c) Water deprivation test
d) Urine cortisol: Urine creatinine ratio
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ACTH stimulation test results

• Basal cortisol 148 nmol/l (10 – 160)
• ACTH-stimulated cortisol 295 nmol/l (220 – 450)

• UPC  = 9.35 (normal < 0.5)
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Continued treatment

• Trilostane @ 1 mg/kg bid
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Follow up 23 November 2020

137

Follow up ACTH stim test results 23/11/2020

• Basal cortisol 287 nmol/l (10 – 160)
• ACTH-stimulated cortisol 444 nmol/l (220 – 450)

• UPC = 16.68 (normal < 0.5)
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Remaining issues with Trilostane

• Mode of action still unclear

• Starting dose needs refinement

• Monitoring needs improvement

• Optimise treatment of Adrenal-dependent disease

• Effects on adrenals are a concern
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Future plan?

• Increase dose of Trilostane?
• Image the pituitary?
• MRI vs. CT scan
• If macroadenoma, consider hypophysectomy
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Lab vs. Clinical score (continued)

Objectives of the study: 
To compare the recommended laboratory variables, including serial basal 
cortisol concentrations in a cohort of dogs treated with trilostane.

Patients: 22 dogs with PDH

Results: 
No single variable or group of variables reliably discriminated between 
adequately-controlled dogs and suboptimal-controlled dogs

142

142

Final recommendations
• Indications for Trilostane

– Use in both PDH and ADH
• Mode of action

– Who knows how it works – 3B-HSD isoforms in breeds
• Dose

– Use a starting dose of 0.5 mg/kg bid (under constant revision)
• Monitor

– Ask the owner what to do ? (Questionnaire will help)
– Measure the USG on a few urine samples
– Check Electrolytes & Creatinine
– Basal cortisol measurements – Alert to over-treatment !
– ACTH stimulation test – under specific circumstances !

• Efficacy
– 75%

• Adverse effects
– Can occur without warning !
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Case 9: Mina – 12 yo Shar Pei

144
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History and clinical findings

• Mina presented for a second opinion due to severe polyuria and 
polydipsia, weight gain and lethargy

• Clinical examination showed bilaterally symmetrical alopecia
• Magnetic resonance imaging revealed marked enlargement of her 

pituitary gland
• Abdominal ultrasound revealed bilateral adrenal enlargement

145

Mina – 12 yo Shar Pei

146

Considerations

– Hormones released by the different parts of the pituitary gland
– Causes of pituitary enlargement
– Effect of different neoplasms of the pituitary on their respective 

effector organs in the body
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Final diagnoses

• Mina was ultimately diagnosed with 
– hyperadrenocorticism, 
– diabetes insipidus and 
– central/secondary hypothyroidism

• Diabetes insipidus in dogs
– Causes
– Diagnosis
– Treatment

148
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Case 10: 13 year old Boston Terrier
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13 year old Boston Terrier

150

150

13 year old Boston Terrier
30 May 2022
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13 yo Boston Terrier
1 July 2022
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13 year old Boston Terrier
3 August 2022
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Repeat MRI – 
2 months after commencing Retinoic acid Rx
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Prof Federico Fracassi
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Hypophysectomy

156

156



40

Recent publications
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Recent publications
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Case 11: Chocolate; 
Diabetes Mellitus, Hyperadrenocorticism and 
Hypoaldosteronism
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Chocolate
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Chocolate

161
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Chocolate
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Chocolate

163
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Chocolate Treatment regimen

• Glargine 5IU tid
• DOCP injection @ 2.2 mg/kg every 14 days
• Trilostane @ 1mg/kg BID
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Recent publications
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Bilateral adrenalectomy (abstract)
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Surgery for Cushing’s disease
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Trans-sphenoidal hypophysectomy
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Photo: Björn Meij
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169

169
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Case 12: Chloe; 9 year old Pekingese 

172

172



44

Cloe; 9 year old Pekingese cross
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Chloe: 9yo Pekingese
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Any questions?

johanpschoeman@gmail.com

175

175


