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HYPOCALCAEMIA  

Calcium homeostasis  

Parathyroid hormone (PTH) secretion is controlled by the serum-ionized calcium concentration in 

order to maintain the serum-ionized calcium within narrow limits. If the serum-ionized calcium 

concentration falls below the set point, PTH release is enhanced. Concentrations of serum-ionized 

calcium above the set point inhibit PTH secretion. Total serum calcium consists of ionized and protein-

bound calcium. Although serum protein-bound calcium is affected by several factors, including the 

circulating albumin concentration and the acid-base status, it is only the ionized calcium which is 

physiologically active. It is important to appreciate this, since most laboratories only measure total 

serum calcium.  

PTH tends to increase serum-ionized calcium concentrations through a number of integrated actions. 

In the kidney, PTH increases tubular reabsorption of calcium and enhances renal excretion of 

phosphate. PTH also activates 1- -hydroxylase, the renal enzyme which converts 25-hydroxy-

cholecalciferol to the active form of vitamin D, 1,25-dihydroxycholecalciferol (calcitriol). Increased 

circulating 1,25-dihydroxy-cholecalciferol enhances calcium and phosphate absorption by the 

intestine. In bone, PTH promotes the release of calcium and phosphate into the extracellular fluid by 

stimulating osteoclast and osteocyte activity and by suppressing osteoblastic activity. The 

combination of calcium mobilization from bone and retention of calcium by the kidneys causes 

serum-ionized calcium concentration to rise.  

Calcium plays an important role in neuromuscular excitability, membrane permeability, muscle 

contraction, enzyme activity, hormone release, and blood coagulation, as well as acting as an essential 

structural component of the skeleton.  

  

 



 

HYPOPARATHYROIDISM  

Hypoparathyroidism is caused by inadequate production and secretion of PTH (primary 

hypoparathyroidism) or, more rarely, by deficient end-organ responsiveness to circulatory PTH 

(pseudohypoparathyroidism).  The two most common causes of primary hypoparathyroidism are 

iatrogenic injury or removal of the parathyroid glands during thyroidectomy (see under treatment of 

hyperthyroidism) and idiopathic hypoparathyroidism due to destruction and atrophy of the 

parathyroid glands.  Idiopathic hypoparathyroidism probably results from immune-mediated 

destruction the parathyroid glands and this is supported by the diffuse lymphocytic infiltrations found 

in the parathyroid glands of some affected animals.  

Clinical signs  

Idiopathic hypoparathyroidism is rare but has been reported in the dog and cat.  The disease affects 

young to middle-aged animals of varying breeds.  A female bias has been reported in dogs.  

The clinical signs in hypoparathyroidism relate to neuromuscular abnormalities that develop 

secondary to hypocalcaemia and include seizures, convulsions, focal trembling or twitching, 

generalised muscle fasciculations, ataxia, stiff gait, weakness, panting, anorexia and lethargy.  The fact 

that the clinical signs tend to be intermittent, often precipitated by exercise, excitement or stress, 

suggests a physiological adaptation to severe hypocalcaemia. 

Posterior lenticular cataract formation can occur secondary to hypocalcaemia in dogs and cats.  

Electrocardiography has shown prolongation of QT interval in some cases of hypoparathyroidism.  

Laboratory findings  

Profound hypocalcaemia (serum total calcium less than 2 mmol/l) and severe hyperphosphataemia 

(serum phosphate greater than 1.3 mmol/l) with normal renal function (blood urea and serum 

creatinine) are found in cases of primary hypoparathyroidism.  The differential diagnosis of 

hypocalcaemia includes hypoproteinaemia, malabsorption, acute pancreatitis, chronic renal disease 

and eclampsia.  

PTH assays are available and have been validated for use in the dog and cat.   



Inappropriately low plasma PTH concentrations in a hypocalcaemic animal is diagnostic of primary 

hypoparathyroidism.  Careful sample handling is essential to avoid erroneous results since PTH is heat 

labile.  

Treatment  

The treatment protocol for hypocalcaemia is similar when treating dogs and cats.  Parenteral calcium 

preparations should be used as emergency therapy to correct hypocalcaemic tetany.  Intravenous 

calcium can cause phlebitis if given repeatedly. 

Maintenance therapy using calcium and vitamin D supplementation must be tailored to the individual 

patient and the dose adjusted according to the serum calcium concentration.  Dihydrotachysterol 

supplementation can prove expensive in larger dogs.  Vitamin D2 at a dose of 1000-6000 iu/kg/day, 

alfacalcidol at a dose of 0.05 mcg/kg/day or calcitriol at a dose of 0.03-0.06 mcg/kg/day may be used 

as alternatives. 

With adequate monitoring of the serum calcium concentration, the prognosis in cases of primary 

hypoparathyroidism is usually excellent.  

  

 

 

 

 

 

 

 

 

 

 



HYPOADRENOCORTICISM  

Hypoadrenocorticism is a syndrome that results from a deficiency of both glucocorticoid and 

mineralocorticoid secretion from the adrenal cortices.  Destruction of more than 95 per cent of both 

adrenal cortices causes a clinical deficiency of all adrenocortical hormones and is termed primary 

hypoadrenocorticism (Addison's disease).  Secondary hypoadrenocorticism is caused by a deficiency in 

ACTH, which leads to atrophy of the adrenal cortices and impaired secretion of glucocorticoids.  The 

production of mineralocorticoids, however, usually remains adequate.  

 

PRIMARY HYPOADRENOCORTICISM (ADDISON'S DISEASE)  

Primary hypoadrenocorticism occurs more frequently in the dog than is recognised but it is much less 

common than hyperadrenocorticism (Cushing's disease).  Hypoadrenocorticism is rare in the cat and 

only 8 cases have been reported.  The clinical signs, diagnosis and treatment of hypoadrenocorticism 

in the dog and cat are similar. 

Primary hypoadrenocorticism in the dog has been associated with the following conditions:  

Idiopathic adrenocortical insufficiency   

This is the commonest cause in the dog and is thought to result from immune-mediated destruction 

of the adrenal cortex.  The presence of anti-adrenal antibodies in two dogs and characteristic 

histopathological findings in another support this hypothesis.  In humans, hypoadrenocorticism has 

been found to be associated with other immune-mediated endocrine disorders such as thyroiditis, 

diabetes mellitus, hypoparathyroidism, primary gonadal failure and atrophic gastritis.  A similar 

autoimmune polyglandular disease has also been recognised in dogs.  

  

 

 

 

 



Mitotane-induced adrenocortical necrosis   

Although mitotane usually spares the zona glomerulosa and therefore mineralocorticoid secretion, 

cases of complete adrenocortical failure can occasionally occur (see under treatment of 

hyperadrenocorticism).  

Trilostane-induced adrenocortical necrosis   

Although trilostane is a competitive inhibitor of steroid synthesis, it can cause acute adrenal necrosis, 

which can lead to complete adrenocortical failure (see under treatment of hyperadrenocorticism).  

Bilateral adrenalectomy, haemorrhage or infarction   

Of the adrenal cortex or mycotic or neoplastic involvement of the adrenal gland can also lead to 

adrenal insufficiency, but these are rare causes.  

The loss or damage to the adrenal cortex leads to mineralocorticoid and glucocorticoid deficiency.  

Aldosterone is the major mineralocorticoid and deficiency causes impaired ability to conserve sodium 

and water and failure to excrete potassium leading to hyponatraemia and hyperkalaemia.  

Hyponatraemia induces lethargy, depression, nausea and leads to the development of hypovolaemia, 

hypotension, reduced cardiac output and decreased renal perfusion.  Hyperkalaemia causes muscle 

weakness, hyporeflexia and impaired cardiac conduction.  Glucocorticoid deficiency causes decreased 

tolerance of stress, loss of appetite and a mild normocytic, normochromic, anaemia.  

 

Clinical signs  

There are no breed predilections but the possibility of an hereditary factor has been suggested in 

some breeds, for example standard Poodles.  Hypoadrenocorticism appears to be a disease of the 

young and middle-aged dog with an age range of 3 months to 9 years and a median age of 4 to 5 

years.  Approximately 70 per cent of reported cases are female.  

The progression of adrenocortical insufficiency may be acute or chronic.  Chronic 

hypoadrenocorticism is far more common than the acute disease in the dog.  

  



Acute primary hypoadrenocorticism   

The clinical appearance of the acute form is that of hypovolaemic shock (adrenocortical crisis).  The 

animal is usually found in a state of collapse or collapses when stressed.  Other signs include weak 

pulse, profound bradycardia, abdominal pain, vomiting, diarrhoea, dehydration and hypothermia.  

The condition is rapidly progressive and life-threatening.  Aggressive fluid therapy will help most 

patients and allow more time to make a diagnosis.  

Chronic primary hypoadrenocorticism   

The clinical signs in the chronic form are often vague and non-specific.  The diagnosis should be 

considered in any dog with a waxing and waning type of illness or that shows episodic weakness and 

collapse.  The most consistent clinical signs include anorexia, vomiting, lethargy depression and/or 

weakness.  The severity of each sign can vary during the course of the disease and may be 

interspersed with periods of apparent good health often following non-specific veterinary therapy, 

usually consisting of corticosteroid medication and/or fluid administration.  Other common clinical 

signs include dehydration, bradycardia and weak femoral pulses.  In a few cases, severe 

gastrointestinal haemorrhage can occur resulting in profound anaemia.  Hypoadrenocorticism can 

easily be mistaken for chronic renal insufficiency, primary neuromuscular disorders and diseases 

which cause weight loss, weakness, anorexia, vomiting and diarrhoea.  

  

Laboratory findings  

Haematological changes may include lymphocytosis, eosinophilia and mild normocytic, normochromic, 

non-regenerative anaemia.  However, these findings are not as consistent as those changes seen in 

hyperadrenocorticism.  Normal or elevated eosinophil and lymphocyte counts in an ill animal with signs 

compatible with hypoadrenocorticism are significant, because the expected response to stress is 

eosinopenia and lymphopenia.  The mild anaemia may not be obvious until the dog has been rehydrated 

since dehydration may mask the anaemia.  

 

 



The most consistent laboratory findings in hypoadrenocorticism are prerenal azotaemia, hyponatraemia 

and hyperkalaemia.  Blood urea, serum creatinine and phosphate are increased as a result of reduced 

renal perfusion and decreased glomerular filtration rate.  Reduced renal perfusion results from 

hypovolaemia, reduced cardiac output and hypotension, which in turn result from chronic fluid loss 

through the kidneys, acute fluid loss through vomiting and/or diarrhoea, and inadequate fluid intake. 

Prerenal azotaemia is usually associated with concentrated urine (specific gravity > 1.030) whereas the 

urine in primary renal failure is often isosthenuric or only mildly concentrated (1.008 to 1.025).  Some 

severe cases of hypoadrenocorticism, however, may develop impaired concentrating ability because the 

chronic sodium loss reduces the renal medullary concentration gradient.  Therefore the laboratory 

findings may resemble those of chronic renal failure.  With adequate fluid therapy, the blood urea will 

return to normal in cases of hypoadrenocorticism.  

Sodium is usually less than 135 mmol/l and potassium greater than 5.5 mmol/l.  The ratio of sodium to 

potassium may be more reliable than the absolute values.  The normal ratio of sodium to potassium 

varies between 27:1 and 40:1, whereas in patients with hypoadrenocorticism, the ratio is commonly less 

than 25:1 and may be below 20:1.  Blood samples must be collected before intravenous fluids are 

administered otherwise the electrolyte concentrations may quickly return to normal.  Even so, 

approximately 10 per cent of cases may have normal electrolyte concentrations at the time of 

presentation and these are usually thought to be early cases of hypoadrenocorticism.  

Mild to moderate hypercalcaemia is seen in about a third of cases of hypoadrenocorticism, usually those 

dogs which are most severely affected by the disease.  Hypercalcaemia is caused by haemoconcentration, 

increased renal tubular reabsorption and decreased glomerular filtration.  Cases of hypoadrenocorticism 

have a tendency to develop hypoglycaemia because glucocorticoid deficiency reduces glucose production 

by the liver and peripheral cell receptors become more sensitive to insulin.  Severe hypoglycaemia is 

uncommon but the potential should remain a concern for the clinician.  

  

Electrocardiographic findings  

Hyperkalaemia impairs cardiac conduction which can be assessed by electrocardiography (ECG).  

Although the ECG changes do not correlate directly with serum potassium levels, the following guidelines 

have proved helpful:  



    > 5.5 mmol/L - peaking of the T wave   

        shortening of the Q-T interval  

    > 6.5 mmol/L - increased QRS duration  

    > 7.0 mmol/L - P wave amplitude decreased   

        P-R interval prolonged  

    > 8.5 mmol/L - P wave absent           

severe bradycardia (sinoventricular rhythm)  

Electrocardiography can also be used for monitoring the patient during treatment.  

Radiographic findings  

Dogs with hypoadrenocorticism may show radiographic signs of hypovolaemia which include: 

microcardia, decreased size of pulmonary vessels and reduced size of the caudal vena cava.  The changes 

are not specific and only represent changes associated with hypovolaemia and dehydration irrespective 

of the cause.  A few dogs with hypoadrenocorticism develop oesophageal dilatation as a result of 

generalised muscle weakness and this can be seen on thoracic radiographs.  

Endocrine testing  

The ACTH stimulation test is commonly used to confirm the presence of hypoadrenocorticism.  The 

intravenous preparation of ACTH (tetracosactin) should be used as absorption by other routes can not be 

relied on if the patient is collapsed or severely hypotension.  In hypoadrenocorticism, the resting cortisol 

level will be low with a subnormal or negligible response to ACTH.  The ACTH stimulation test, however, 

does not distinguish between primary and secondary hypoadrenocorticism.    

In cases with normal serum electrolytes, aldosterone concentrations can also be measured on the 

samples collected for the ACTH stimulation test to decide whether mineralocortcoid supplementation will 

be required.  

Plasma ACTH concentrations are required to differentiate primary and secondary hypoadrenocorticism.  

Plasma ACTH concentrations are low in secondary hypoadrenocorticism and markedly raised in primary 

hypoadrenocorticism.  



Treatment  

Acute primary hypoadrenocorticism  

Aggressive intravenous fluid therapy using normal saline should be used in the acute crisis to treat the 

hyperkalaemia, which is life-threatening.  The response to treatment is predictable and often dramatic.  

Glucose and insulin therapy or calcium administration are therefore not usually required for the 

treatment of hyperkalaemia due to hypoadrenocorticism.  The serum potassium falls because of the 

dilution effect of the saline and the improvement in renal perfusion.  The increased renal blood flow 

allows further excretion of potassium into the urine.  

Glucocorticoid therapy should be used early in the treatment of the acute crisis.  Once the animal has 

improved with saline and glucocorticoids, maintenance therapy with mineralocorticoids can be instigated. 

(see below)  Glucocorticoids of choice in the acute crisis include:  

•  hydrocortisone sodium succinate     10 mg/kg IV repeated every 3 - 6 hours  

             

mg/kg/hour  

  or constant rate infusion 0.5  

•  prednisolone sodium succinate   hours  
  5 mg/kg IV repeated every 3 - 6  

•  dexamethasone sodium phosphate    0.5 - 1.0 mg/kg IV given once  

If plasma cortisol concentrations are to be measured for the diagnosis of hypoadrenocorticism, then 

dexamethasone should be used as the other preparations crossreact with cortisol in the assay.  

 

Chronic primary hypoadrenocorticism (maintenance therapy)  

Fludrocortisone acetate (Florinef, Squibb) is an oral synthetic adrenocortical steroid with 

mineralocorticoid effects and is the treatment of choice for maintenance therapy in the dog.  An initial 

dose of 15 mcg/kg/day of fludrocortisone is given and serum electrolytes measured after 5 to 7 days.  The 

dose rate should then be adjusted until the sodium and potassium levels are within the normal range.  

The daily maintenance dose required is usually between 15 to 30 mcg/kg/day.  The dose often has to be 

increased during the first 6 to 18 months of therapy and the drug may need to be administered twice 

daily in a few cases.  



Daily glucocorticoid supplementation is not required after initial treatment in the majority of cases.  

However the owners of animals with hypoadrenocorticism should be given a supply of prednisolone 

tablets to be administered if the patient appears unwell.  Prednisolone at a dose of 0.1 to 0.2 mg/kg daily 

should be sufficient as a physiological replacement for those cases that do require glucocorticoid 

medication. 

Salt supplementation using salt tablets or salting the food should be instigated initially to help correct 

hyponatraemia but can be gradually reduced and phased out as it is not usually required long term.  Dogs 

requiring unusually high doses of fludrocortisone, however, may respond to oral salt and fewer 

fludrocortisone tablets. 

Desoxycortone pivalate (Zycortal, Dechra) is a prolonged-release injection for replacement of 

mineralocorticoid deficiency in dogs with primary hypoadrenocorticism. It only replaces mineralocorticoid 

hormones and therefore must be combined with glucocorticoid replacement therapy (prednisolone at a 

dose of 0.2 to 0.4 mg/kg daily should be adequate for physiological replacement).  

The dose of desoxycortone pivalate is 2.2 mg/kg SC. After the first injection, the Na/K ratio should be 

measured at approximately 10 days. If the clinical signs have worsened or not resolved adjust the 

dose of glucocorticoids. At approximately 25 days, re-evaluate the dog and the Na/K ratio and adjust 

the dose according to this table:  

  

Na/K ratio on Day 10  Adjust dose at 25 days  

≥ 34  Decrease dose to 2.0 mg/kg  

32 - <34  Decrease dose to 2.1 mg/kg  

27 - <32  Continue at 2.2 mg/kg  

≥ 24- <27  Increase dose to 2.3 mg/kg  

< 24  Increase dose to 2.4 mg/kg  

  

 



Instead of reducing or increasing the dose, the dosing interval can be increased or reduced 

respectively.  

  

Golden rules for Zycortal treatment:  

Manage client expectations  

All dogs must receive daily glucocorticoid treatment titrated to effect  

Use a Zycortal dosing interval of every 4 weeks or every month  

Evaluate Zycortal treatment success at days 10 and 28 after every dose until stable If 

you have problems then get help  

  

Changing from fludrocortisone to desoxycortone:  

Day 1: Inject 2.2 mg/kg SC every 25 days and give daily dose of fludrocortisone  

Day 2: Give half the usual daily dose of fludrocortisone. Start prednisolone at 0.1 – 0.2 mg/kg PO SID, if 

not already receiving prednisolone.  

Day 3: Give a quarter of the usual daily dose of fludrocortisone.  

Day 4: Stop the fludrocortisone  

  

Prognosis is excellent once an adrenal crisis is controlled.  The importance of life-long therapy, regular 

monitoring and increasing the dose of glucocorticoids during periods of stress must be emphasised to 

the owner. Owner education is very important.  

 

 

 



DIABETES MELLITUS  

A syndrome rather than a disease characterised by a relative or absolute lack of insulin.  Blood glucose is 

determined by the balance between the action of catabolic hormones eg. glucagon, cortisol, 

catecholamines, growth hormone and the principal anabolic hormone, insulin. Failure of glucose uptake 

by tissues leads to hyperglycaemia and osmotic diuresis.  Catabolism expecially of fats leads to 

ketoacidosis.  

Diabetes mellitus is characterised by a relative or absolute deficiency of insulin secretion by the beta cells 

of the islets of Langerhans in the pancreas.  Carbohydrate metabolism and in particular blood glucose 

concentration is controlled by the balance between the action of catabolic hormones, for example 

glucagon, cortisol, catecholamines and growth hormone on the one hand, and the principal anabolic 

hormone, insulin, on the other.  A relative or absolute deficiency of insulin results in decreased utilisation 

of glucose, amino acids and fatty acids by peripheral tissues, particularly liver, muscle and adipose tissue.  

Failure of glucose uptake by these cells leads to hyperglycaemia.  Once the renal threshold for glucose 

reabsorption is exceeded, an osmotic diuresis ensues with loss of glucose, electrolytes and water in the 

urine.  Compensatory polydipsia prevents the animal becoming dehydrated.  The loss of glucose leads to 

catabolism of the body’s reserves especially of fat.   

Excessive fat catabolism leads to the production and accumulation of ketone bodies (acetoacetic acid, ß-

hydroxybutyric acid and acetone) and the onset of diabetic ketoacidosis.  In diabetic ketoacidosis, the dog 

is unable to maintain an adequate fluid intake and becomes rapidly dehydrated due to the uncontrolled 

osmotic diuresis.  The dehydration and acidosis requires emergency care if the animal is to survive.  

 

 

 

 

 

 



In man, diabetes is classified as type I, insulin-dependant diabetes mellitus (IDDM), type 2, non-insulin-

dependant diabetes mellitus (NIDDM) type 3 due to other causes. Type 1 diabetes is characterised by a 

combination of genetic susceptibility and immunological destruction of beta cells, with progressive and 

eventually complete insulin insufficiency. The presence of circulating autoantibodies against insulin, the 

beta cell, and/or glutamic acid decarboxylase (GAD) usually precedes the development of hyperglycaemia 

or clinical signs. Type 2 diabetes mellitus is characterised by insulin resistance and "dysfunctional" beta 

cells; defects believed to be genetic in origin are evident for a decade or longer before hyperglycaemia 

and clinical signs of diabetes develop, and the deleterious effects can be accentuated by environmental 

factors such as obesity. This classification has not proved very useful in veterinary medicine since nearly 

all dogs with diabetes mellitus require insulin therapy regardless of the underlying aetiology require 

treatment with insulin.    

Diabetes mellitus is a heterogeneous condition in the dog rather than a single disease entity. The 

incidence of diabetes mellitus is similar for the dog, with the reported frequency varying from 1 in 100 to 

1 in 500. Quite common in older dogs (especially bitches in metoestrus).  

Diabetes mellitus (DM) is the second most common endocrine disorder in cats, with an estimated 

incidence of 0.5% (1 in 200-250 cats).  Its incidence appears to be increasing, probably due to an increase 

in obesity in the cat population.  Several risk factors for DM have been identified: age, obesity, neutering 

and gender.    

Aetiology  

i) Inadequate secretion of insulin (islet cell degeneration/ exhaustion) for 

example immune-mediated destruction, pancreatitis    

ii) Resistance to insulin activity (eg. obesity)  

iii) Antagonism to insulin (cortisol, progesterone, growth hormone, 

catecholamines, glucagon)  

 

 

 

 



Clinical signs  

Diabetes mellitus is a disease of middle-aged dogs with a peak incidence around 8 years of age.  

Genetic predisposition to diabetes has been found in Samoyeds and Keeshunds.  Tibetan terriers, 

Yorkshire terriers, Cairn terriers, poodles and dachshunds may also be over-represented.  Entire 

females are more frequently affected than males and this is due mainly to the induction of growth 

hormone secretion by progesterone and other progestogens.  Diabetes mellitus is recognised in 

middle-aged to older cats of any breed, but the disease appears to be more common in male cats.  

Polyuria, polydipsia, increased appetite and weight loss develop over a few weeks in uncomplicated 

cases.  In entire bitches, this usually occurs during the metoestrus phase of the oestrus cycle.  

Hepatomegaly, muscle wasting and infections of the urinary or respiratory tracts may be noted on 

clinical examination. Ulcerative skin lesions and cutaneous xanthomata have occasionally been 

reported.  If the diabetes remains uncontrolled, an accumulation of ketone bodies may occur which 

causes metabolic acidosis and leads to depression, anorexia, vomiting, rapid dehydration. Coma and 

death may result from severe hypovolaemia and circulatory collapse.  

Diagnosis  

Urine analysis reveals persistent glycosuria and often ketonuria.  Despite the high solute load in the 

urine which would tend to increase the specific gravity of the urine, many older dogs may have 

impaired renal concentrating power and thus the specific gravity of the urine is variable, typically 

ranging between 1.015 and 1.045.  Bacterial cystitis is common and occasionally may involve gas-

producing organisms which can cause emphysematous cystitis.  

Plasma biochemistry reveals a fasting hyperglycaemia (> 10 mmol/l) and hyperlipidaemia.  In some 

patients the blood will be lactescent due to lipaemia.  Liver enzymes are usually raised and liver 

function tests such as bile acid concentrations may be abnormal.  In cases where diabetes is 

associated with pancreatitis, amylase and lipase concentrations may be elevated.  

In diabetic ketoacidosis, there are serious derangements in fluid, electrolyte and acid-base status.  The 

most frequent abnormalities are pre-renal azotaemia, hyponatraemia and metabolic acidosis.  The cat 

appears to be less prone to developing diabetic ketoacidosis.  

  



TREATMENT OF DIABETES  

Treatment can be divided into the acute management of diabetic ketoacidosis and the stabilisation of 

the uncomplicated diabetic.  The ketoacidotic dog can be stabilised as for the uncomplicated case, 

once it has started to feed normally.  

Management of diabetic ketoacidosis  

Although the healthy ketotic diabetic can usually be managed conservatively without fluid therapy or 

intensive care, diabetic ketoacidosis characterised by hyperglycaemia, ketonaemia, metabolic 

acidosis, dehydration and electrolyte imbalance is a medical emergency that is associated with a high 

mortality rate.  Treatment should consist of fluid and electrolyte replacement, reduction of blood 

glucose concentration, correction of acidosis and identification of precipitating causes.  The treatment 

protocol should include:  

  

Fluid therapy Intravenous replacement of fluid and electrolytes is essential for the successful 

management of diabetic ketoacidosis.  Unless serum electrolytes suggest otherwise, 0.9 per cent 

sodium chloride is the initial fluid of choice.  The fluid deficit is usually about 10 per cent of body 

weight and this should be replaced over a period of 24 to 48 hours.  

Sodium chloride may be alternated with lactated Ringer’s solution or, if the blood glucose falls below 

10 mmol/l, a solution containing 0.18 per cent sodium chloride and 4 per cent glucose.  Urine output 

should be measured and if possible, a central venous catheter used to monitor central venous 

pressure during fluid therapy.  

  

 

 

 

 



Insulin therapy Soluble insulin should be used in the treatment of diabetic ketoacidosis.  Although 

intermittent administration using the intravenous and intramuscular routes has been used, low dose 

intravenous insulin infusion is effective and appears to be associated with fewer side effects such as 

hypokalaemia and hypoglycaemia.  Add 25 units soluble insulin to 500 ml 0.9% sodium chloride 

solution or 2.5 units in a 50 ml syringe (0.05 U/ml) and infuse at a rate of 0.1 U/kg/hour through a 

separate intravenous catheter. Use of an infusion pump, syringe driver or pediatric burette is helpful 

in controlling the rate of infusion.  Low dose intravenous insulin infusion provides a steady, gradual 

reduction of blood glucose and ketone concentrations and is less likely to cause increases in glucagon, 

cortisol and growth hormone that can occur with intermittent bolus administration of insulin.  

Blood glucose should be monitored every two hours.  Glucose-containing fluids should be introduced 

when the blood glucose concentration falls below 10 mmol/l and the insulin infusion should be 

stopped when the blood glucose reaches 6 mmol/l.  Once the insulin infusion is halted, blood glucose 

concentrations will increase so that further infusion of insulin may be required if the patient is not 

eating or a longer acting insulin preparation may be introduced if its appetite has returned.  

  

Potassium supplementation Initially a deficit in total body potassium is usually masked by the acidosis, 

which causes potassium to move extracellularly.  Serum potassium concentration can decrease 

rapidly as renal function improves and as insulin therapy causes potassium to move back into the 

cells.  Although hypokalaemia is less likely to occur with low dose insulin infusion, replacement 

therapy should be started within a few hours of instigating fluid and insulin therapy.  

In the absence of serum potassium measurements, 20 mmol of potassium chloride should be added 

to every 500 ml of intravenous fluid solution given after insulin therapy has commenced. Two to three 

times more potassium will be necessary with potassium concentrations < 3.0 mmol/L. The rate of 

administration should not exceed 0.5 mmol/kg/hour, (although in dire circumstances potassium < 2.0 

mmol/L, the rate can be increased to 1.5 mmol/kg/hr with simultaneous ECG monitoring). This 

treatment will be safe providing the patient has adequate urine production.  

  

 



Phosphate supplementation Phosphate moves between the intracellular and extracellular 

compartments in the same way as potassium.  Hypophosphataemia, which more commonly occurs in 

cats, can cause haemolytic anaemia, weakness, ataxia and seizures.  Phosphate supplementation is 

only usually required in animals with severe diabetic ketoacidosis.  Potassium phosphate at a dose of 

0.01 to 0.03 mmol/kg/hour intravenously is recommended to correct hypophosphataemia.  

Bicarbonate therapy The use of sodium bicarbonate to correct the acidosis in diabetic ketoacidosis is 

controversial.  Rapid correction of the acidosis with bicarbonate can lead to metabolic alkalosis, tissue 

anoxia due to a shift to the left of the haemoglobin-oxygen dissociation curve, and paradoxical 

cerebral acidosis because CO2 crosses the blood-brain barrier more rapidly than bicarbonate ions.  

For these reasons bicarbonate should be used only in life-threatening acidosis (arterial pH < 7.0).  

Provided normal renal function is restored and adequate fluid therapy is given, the acidosis will 

resolve without bicarbonate administration.  

Antibiotic therapy Broad spectrum antibiotic therapy is required because bacterial infection is often a 

common precipitating factor for diabetic ketoacidosis and the use of intravenous and urinary 

catheters may predispose the patient to infection.  

Other common concurrent illnesses in the dog with diabetic ketoacidosis include pancreatitis, renal 

failure, congestive heart failure, hyperadrenocorticism and pyometra.  Entire bitches may be resistant 

to insulin therapy during the metoestrus phase of their oestrus cycle.  

INSULINOMA  

Functional islet cell tumours (insulinomas) are the most frequently occurring tumours of the endocrine 

pancreas in dogs. Most insulin-secreting tumours are malignant islet cell carcinomas which metastasize to 

regional lymph nodes and/or the liver. Early diagnosis is important as dogs with metastases have 

significantly reduced survival times.  

 

 

 

 



Pathophysiology  

Insulinomas are composed of neoplastic ß-cells which continue to release insulin despite the presence of 

hypoglycaemia. Hypoglycaemia is normally the major inhibitory stimulus for insulin secretion.  As a result 

of hyperinsulinism, tissue utilization of glucose continues, the hypoglycemia worsens, and ultimately 

clinical signs develop. The onset and severity of clinical signs is determined by the degree of hypoglycemia 

and the rate at which the plasma concentration of glucose falls. A rapid decline in plasma glucose 

concentration may occur with fasting, exercise, or excitement in dogs with insulinomas.  

The brain is an obligate consumer of glucose. Cerebral cells have limited stores of glycogen and a limited 

ability to utilize protein and amino acids for energy. These cells will be the first affected by 

hypoglycaemia. Prolonged and profound hypoglycaemia causes ischemic neuronal cell damage in a 

pattern similar to that caused by cerebral hypoxia.  

Hypoglycemia is a potent stimulus for the release of hormones which have an antagonistic action to 

insulin. These include glucagon, growth hormone, glucocorticoids, catecholamines, and possibly thyroid 

hormones. These hormones act in concert to raise the plasma glucose concentration. Some of the clinical 

manifestations of hypoglycemia, such as muscle tremors, nervousness, restlessness, and hunger, may in 

fact result from stimulation of the sympathetic nervous system and increased levels of circulating 

catecholamines.  

  

 

 

 

 

 

 

 



Clinical signs  

Insulinomas usually occur in middle-aged to older dogs (mean age of 9.0 years) of any breed, although 

medium to large breeds appear to be predisposed. No sex predisposition has been reported. Insulinomas 

appear to be very rare in cats.  

A tentative diagnosis of hyperinsulinism is generally based on fulfilment of the criteria from 

Whipple’s triad:  

1. The presence of neurologic signs typical of hypoglycemia, which may be 

precipitated by exercise or excitement.  

2. Hypoglycaemia (plasma glucose < 3 mmol/l [< 54 mg/dl]) at the time of the 

clinical signs.  

3. Resolution of clinical signs following feeding or administration of glucose.  

  

Clinical signs associated with hypoglycemia include fatigue, generalized weakness, collapse, muscle 

tremors, altered behavior, confusion/disorientation, apparent blindness, ataxia, incoordination, stupor, 

and seizures. These signs are usually episodic in nature and may occur with fasting, exercise, or 

excitement in dogs with insulinomas. Provocative stimuli, such as the intravenous administration of 

glucagon or glucose, results in excessive secretion of insulin from neoplastic beta-cells. This response may 

be even greater if glucose is administered orally as numerous intestinal hormones (glucagon, secretin, 

cholecystokinin, gastrin, and gastric inhibitory peptide) are secreted in response to oral glucose and these 

in turn increase insulin secretion. It is by this mechanism that feeding has been reported to initiate clinical 

signs in dogs with insulinomas.  

Seizure activity is one of the most common clinical manifestations of hypoglycemia. The seizures 

may be grand mal or focal in nature and are normally self-limiting, lasting between 30 seconds 

and five minutes. Peripheral neuropathy with nerve degeneration and demyelination has also 

been associated with canine insulinoma in a few cases. Insulinomas are generally small tumours 

and do not lead to malignant cachexia. Thus weight loss is not a feature of this disease.  

  



 

Diagnosis  

Laboratory findings.  A presumptive diagnosis of insulinoma is based on the presence of typical 

clinical signs in association with persistent hypoglycaemia and an inappropriately high plasma 

insulin concentration.  

A fasting plasma glucose concentration of 3 mmol/l (≤ 54 mg/dl) or less is found in most cases. 

Some dogs with insulinoma show no clinical signs despite having extremely low blood glucose 

concentrations (< 2 mmol/l [< 36 mg/dl]) because they are able to adapt to these low 

concentrations over a prolonged period of time. Serum fructosamine concentrations are also 

reduced supporting substantial periods of hypoglycaemia even in those patients with normal or 

low-normal fasting blood glucose concentrations.  

  

Differential diagnosis of hypoglycaemia in adult dogs  

  

Incorrect anticoagulant/delayed separation of serum from RBC  

Functional islet cell tumour (insulinoma)  

Excessive insulin administration  

Extra-pancreatic tumours, particularly hepatic tumours  

Liver disease  

Septicaemic or endotoxic shock  

Hypoadrenocorticism  

Idiopathic in working dogs  



Xylitol (artificial sweetener) Iatrogenic 

insulin overdose  

Severe polycythaemia  

  

 

Plasma insulin concentrations greater than 20 mU/l in association with hypoglycaemia are 

inappropriate and an insulin:glucose ratio greater than 4.2 is considered diagnostic.  

In borderline cases an intravenous glucose tolerance test using 0.5 g glucose/kg body weight 

has proved useful. Insulin-secreting tumours retain a degree of responsiveness to the glucose 

challenge and a glucose half-life of less than 20 minutes and/or a fractional clearance rate of 

more than 3%/minute is highly suggestive of insulinoma in the dog.  

Although hypoalbuminaemia, hypokalaemia, and increases in alkaline phosphatase have 

occasionally been reported, these findings are not specific or helpful in achieving a definitive 

diagnosis.  

Ultrasonography.  Abdominal ultrasonography using a high quality diagnostic ultrasound 

machine has been used to examine the pancreas of dogs with suspected insulinomas. In one 

study a pancreatic mass was identified as a spherical or lobular hypoechoic nodule in 75% of 

dogs with insulinomas. Tumours as small as 7 mm have been identified in the pancreas. 

Ultrasonography, however, has proved less sensitive for the detection of hepatic or lymphatic 

metastases from insulinomas.  

Management  

Management of insulinomas should be directed at specific treatment of the tumour, 

reduction of insulin secretion, and correction of hypoglycaemia.  

 

 



Surgical management.  Surgical resection of the pancreatic tumour and metastatic tumour 

masses should be the first approach to therapy. Patients should be closely monitored during 

surgery because handling the pancreas may cause the release of large amounts of insulin. 

Frequent blood glucose measurements and the use of intravenous fluids containing glucose 

(e.g. 5% dextrose solution) perioperatively is warranted. Most insulinomas are located in the 

left lobe of the pancreas, with masses in the right lobe or body occurring less frequently. 

Tumours are usually solitary but multiple masses may occur. Rarely, there is a diffuse islet cell 

tumour with no discrete nodule. There does not appear to be a difference in survival in 

relation to tumour location within the pancreas, but there is a suggestion that tumours with a 

high mitotic count carry a worse prognosis.  

Postoperative recovery is routine in many cases but complications including pancreatitis, 

hyperglycaemia, overt diabetes mellitus, and hypoglycaemia occur. In nearly all cases, 

hypoglycaemia will recur eventually due to metastasis becoming functional, but this can take 

several months.  

Medical management.  Medical management should be used if widespread metastasis is 

present or if hypoglycaemia recurs after surgery. Medical management can provide 

symptomatic control for many months and usually consists of diet, glucocorticoids and 

diazoxide. Dietary control consists of providing frequent small meals of a diet high in proteins, 

fats, and complex carbohydrates. Prednisolone, which inhibits insulin and stimulates 

glycogenolysis, is useful in raising blood glucose concentration and is given at a dose of 0.5 to 

1.0 mg/kg daily in divided doses.  Diazoxide, a non-diuretic, benzothiazine antihypertensive 

drug which inhibits insulin secretion, has also been used successfully at a dose of 10 mg/kg 

daily in divided doses increasing to 60 mg/kg daily if necessary to control hypoglycaemia.   

Octreotide, a somatostatin analogue which inhibits insulin synthesis and secretion, has also 

been used and has been shown to be effective in some cases.  

 



Streptozotocin (streptozocin), a nitrosourea alkalating agent that is directly cytotoxic to 

pancreatic beta cells has been used successfully in some cases, but can cause proximal renal 

tubular necrosis, which is dose related and cumulative, and can lead to renal failure. 

Induction of diuresis by administration of 0.9% NaCl has been reported to ameliorate the 

renal toxic effects. Briefly, 0.9% NaCl is administered at a rate of 20ml/kg/h for 3 hours prior 

to the administration of streptozotocin. The dose of streptozocin (500mg/m2) is diluted with 

an appropriate volume and administered over the subsequent 2 hours at the same rate, and 

0.9% NaCl is administered for an additional 2 hours after the streptozotocin is complete.  

Prognosis.  The prognosis is guarded due to the malignant nature of the disease. However, many 

dogs do well with medical and surgical management. The median time to recurrence of clinical 

signs after surgery is 12 months (range 4–16 months) and the median postoperative survival 

time is 14 months (range 10–33 months). 


