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normal resting plasma glucose levels are
53–117 mg/dl in dogs and 57–131 mg/dl in
cats. Clinical signs, such as nervousness,

tremors, and weakness, can be observed in normal
rats, mice, rabbits, cats, dogs, and monkeys when
plasma glucose levels approach 64.8–68.4 mg/dl. In
veterinary medicine, hypoglycemia is diagnosed when
the blood glucose level is <60 mg/dl.

Hypoglycemia occurs when there is an excess of
insulin or insulin analogues, a decrease in glucose pro-
duction, or an increase in glucose use. Causes of hypo-
glycemia are listed in Box 1. several counterregulatory
endocrine mechanisms are triggered when the brain
senses a decreasing level of glucose. The release of epi-
nephrine, corticosteroid, and glucagon suppresses
endogenous insulin secretion, antagonizes insulin, and,
along with the release of growth hormone, increases
the production and release of glucose, thereby increas-
ing plasma glucose. These endocrine responses result
in sympathoadrenal signs of hypoglycemia, including
tremors, nervousness, and hunger. Insulin is not
required for glucose transport into neurons; therefore,
the increased plasma glucose that results from counter-
regulatory mechanisms is readily available for impor-
tant neuronal functions.

neuroglycopenia is a syndrome in which hypo-
glycemia results in neurologic signs. The brain, almost
exclusively, uses glucose for energy—it uses 25% of all
glucose in the body—but cannot synthesize or store it.
Also, the metabolic rate of brain tissue is three times
that of peripheral tissues. These characteristics make
the brain particularly sensitive to the effects of hypo-
glycemia. When protracted or severe hypoglycemia
exhausts counterregulatory mechanisms, excitotoxin
(e.g., glutamate, aspartate) release, apoptosis, and
pseudolaminar necrosis can occur in the brain.

The rapidity and degree of hypoglycemia determine
the severity of clinical signs. The most reliable criteria
for diagnosing clinically significant hypoglycemia are:
(1) clinical signs of hypoglycemia, (2) blood glucose

<60 mg/dl, and (3) relief of signs after glucose supple-
mentation. Hypoglycemia requires immediate treat-
ment to prevent development of irreversible neurologic
damage, cardiovascular collapse, and death.

DIAGNOSTIC CRITERIA

Historical Information
• recent ingestion of bread dough or xylitol gum.
• extreme exercise associated with onset of clinical

signs.
• Preexisting liver disease.
• Untreated neoplasia (pancreatic β-cell tumor, large

mesenchymal and epithelial tumors).
• exposure to glycemic agents such as insulin or glip-

izide.
• exposure to ticks (virulent babesiosis).
• Time since last meal.

Gender Predisposition
none.

Age/Breed Predisposition
Hypoglycemia can occur in any breed or species. The
following are breed- and age-specific syndromes that
can be associated with hypoglycemia.
• extrahepatic portosystemic shunt: yorkshire terriers,

miniature poodles, miniature schnauzers, lhasa
apsos, shih tzus, dachshunds, Maltese.

• Intrahepatic microvascular shunt: Maltese, cairn
and yorkshire terriers, retrievers, Irish setters, Irish
wolfhounds, Old english sheepdogs, and Persian
and Himalayan cats.

• neonates lack glycogen stores, making them more
dependent on regular caloric intake. Breeds predis-
posed to neonatal hypoglycemia include toy and
miniature breeds such as the Chihuahua, yorkshire
terrier, Maltese, and poodle. labrador retrievers and
pit bulls may also be predisposed.

• rarely, hepatic enzyme deficiencies and deficien-
cies in contra-insulin hormones can result in hypo-
glycemia in puppies.
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• Hypoglycemia associated with heavy exercise:
hunting dogs.

• Glycogen storage diseases: beagles and Maltese.
• β-Cell tumors: standard poodles, boxers, fox terri-

ers, German shepherds, and Irish setters.

Owner Observations
• stumbling.
• Abnormal behavior.
• lethargy.
• Vocalizing.
• Weakness.
• Collapse.
• Tremors.
• seizure activity.
• excessive hunger.

Physical Examination Findings
sympathoadrenal signs:
• Tachycardia.
• Hypothermia.
• Hypotension.
• dilated pupils.

signs of neuroglycopenia:
• Weakness.
• Tremors.
• nervousness.
• Bradycardia.
• Vocalizing.
• lethargy.
• Ataxia.
• seizure activity.
• Clinical signs can progress to decerebrate rigidity,

loss of spinal reflexes, miotic pupils, and coma.

Laboratory Findings
• Blood glucose <60 g/dl.
Handheld glucometers allow easy and quick determi-
nation of blood glucose levels. However, very low
blood glucose levels can fail to generate a reading, and
falsely low readings can occur when serum is hemo-
concentrated, testing is delayed, or serum is not sepa-
rated from glucose-consuming blood cells. dry
chemistry analyzers provide more consistent results
when serum or plasma has been separated from red
cells and the sample is immediately evaluated.

Other Diagnostic Findings
Methods of collecting samples for the following tests
are discussed elsewhere in the literature.

BOX 1
CAUSES OF HYPOGLYCEMIAa

Artifactb

• Pseudohypoglycemia
• Handheld glucometer

Excess insulin or insulin analogues
• exogenous insulin overdose
• Pancreatic β-cell tumor (insulinoma)
• Paraneoplastic syndrome

— Hepatomas, hepatocellular carcinoma
— leiomyomas, leiomyosarcomas
— Pulmonary, mammary, salivary carcinoma
— lymphoma, plasmacytoid tumors
— Oral melanoma
— Hemangiosarcoma

• Toxins and medications
— Xylitol
— sulfonylurea

Excess glucose utilization
• Infection

— sepsis
— Virulent babesiosis

• Heavy exercise (hunting dogs)
• neoplasia
• Polycythemia, leukocytosis
• Pregnancy

Decreased glucose production
• reduced glycogen stores

— neonates
— Toy breeds
— Glycogen storage disease

• Hepatic dysfunction
— Portosystemic shunt
— Inflammatory or infectious hepatitis
— Hepatic lipidosis
— Cirrhosis
— neoplasia

• Hypocortisolism
• Counterregulatory hormone deficiency

— Glucagon, growth hormone
— Thyroid hormone, catecholamines
— Hypopituitarism

• Glycogenic or gluconeogenic enzyme deficiencies
• β-blocker therapy

areprinted with permission from Koenig A. Hypoglycemia.
In: silverstein d, Hopper K, eds. Small Animal Critical Care
Medicine. st. louis: saunders elsevier; 2009:295-299.
bCause of apparent, not true, hypoglycemia.



Complete Blood Count $
• neutrophilia with left shift, degenerative left shift,

neutropenia, or presence of toxic neutrophils may
suggest sepsis.

• neutropenia with leukocytosis and eosinophilia
may be seen with hypoadrenocorticism.

Serum Biochemical Profile $
• decreased blood urea nitrogen, cholesterol, and

albumin may suggest hepatic insufficiency.
• sepsis can result in increased liver enzyme, total

bilirubin, and renal enzyme levels.
• Hypoadrenocorticism can also result in hyper-

kalemia, hyponatremia, and azotemia, unless there
is a cortisol deficiency without a mineralocorticoid
deficiency.

Urinalysis $
• Pyuria and bacteriuria can support a diagnosis of

urinary tract infection.

Preprandial and Postprandial Bile Acids $
• elevated paired samples support a diagnosis of he-

patic insufficiency.

Adrenocorticotropin Hormone (ACTH)
Stimulation Test $
• decreased pre- and post-ACTH injection cortisol

levels confirm a diagnosis of hypoadrenocorticism.

Serum Insulin $
• To measure serum insulin, a blood sample must be

taken when serum glucose is <60 mg/ml; moni-
tored fasting may be necessary to identify when
serum glucose levels drop to this point.

• A diagnosis of pancreatic β-cell tumor is suspected
when serum insulin is >20 U/ml during a hypo-
glycemic episode. When insulin levels are normal
or seem inappropriately high for the degree of
hypoglycemia, an amended insulin:glucose ratio
(AIGr) can be calculated:

AIGr = Insulin (µU/ml) × 100

Plasma glucose (mg/dl) – 30
If plasma glucose is <30 mg/dl, 1 is used as the
denominator. An AIGr >30 supports the diagnosis
of insulinoma.

Serum Fructosamine $
• A low level may support a diagnosis of insulinoma.

Thoracic Radiography $
• radiographic signs of a mass lesion may support a

diagnosis of neoplasia.
• radiographic signs of pneumonia or pleural fluid

may indicate a septic focus.

Abdominal Radiography $
• radiographic signs of a mass lesion or intraperi-

toneal fluid may support a diagnosis of neoplasia or
infection.

Abdominal Ultrasonography $$
• Abnormal fluid structures or pyelectasis may indi-

cate a septic focus.
• Microhepatia, vascular shunts, or renomegaly can

support a diagnosis of hepatic insufficiency.
• A mass lesion may support a diagnosis of neoplasia

or septic focus.

Summary of Diagnostic Criteria
• Blood glucose <60 mg/dl accompanied by neuro-

logic signs that resolve with glucose supplementa-
tion.

• neurologic abnormalities.

Diagnostic Differentials
• Artifact hypoglycemia.

— Can occur if there is a delay between sample
collection and analysis.

— repeat sample collection and run test immedi-
ately, or collect sample in a serum separator
tube, immediately removing serum.

— Hemoconcentration can cause artifact hypo-
glycemia when handheld glucometers are used
to test whole blood samples. eliminate artifact
by testing a serum or plasma sample.

• Primary neurologic disease.
— Blood glucose level >60 mg/dl.
— Central nervous system imaging.
— neurotoxicity testing.

TREATMENT
RECOMMENDATIONS (Figure 1)

Initial Treatment
When neurologic signs are apparent:
• Insta-Glucose (Valeant Pharmaceuticals, Aliso

Viejo, CA) is a dextrose gel that can be rubbed on
the oral mucous membranes, where it is directly
absorbed and immediately available.

• Corn syrup contains fructose and can also be
rubbed on the gums for absorption, but it requires
hepatic metabolism to dextrose. Owners of pets at
risk for hypoglycemia should keep these products
available for immediate administration.

• In the hospital, an intravenous bolus of 1 ml/kg of
25% dextrose in normal saline (or 0.5 ml/kg of 50%
dextrose diluted 1:1 in normal saline) is adminis-
tered followed by a constant-rate infusion of
1.25%–10% dextrose in a replacement or mainte-
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nance solution. When dextrose solutions of 7% or
greater are needed for prolonged periods, infusion
via a central line reduces the risk of phlebitis.

Alternative/Optional
Treatments/Therapy
• Glucagon: 50 ng/kg/min IV or IM bolus, then 5–40

ng/kg/min IV. $
— Useful for hypoglycemic patients with ade-

quate glycogen stores (e.g., insulin overdose,
insulinoma) that have difficulties maintaining
glucose levels with dextrose supplementation.

— requires close glucose monitoring.
— Once clinical signs of hypoglycemia have

abated and measures for glucose control have
been instituted, administration can be gradually
discontinued.

— Owners of diabetic pets can store and adminis-
ter IM glucagon injections at home for emer-
gency use before transport.

• dexamethasone: 0.5–1 mg/kg IV or PO q24h. $
— Preferred corticosteroid if testing for hypoad-

renocorticism is anticipated.

• Prednisolone: 0.25–1 mg/kg IV or PO q12h. $
— refractory seizures and altered mentation may

persist as a result of cerebral edema and neural
injury.
• Mannitol: 100–1000 mg/kg IV as a slow

bolus over 20 minutes may improve cerebral
blood flow. If positive results are seen, the
dose is repeated 2–3 times every 2 hours.
Contraindications to mannitol infusion
include fluid-intolerant states (e.g., heart dis-
ease, oliguric or anuric renal failure), hyper-
osmolar states (e.g., hypernatremia), and
severe dehydration.

Insulinoma $$–$$$
Best treated with surgical debulking.
• Corticosteroids (prednisolone, 0.5–1 mg/kg PO

divided q12h) increase insulin resistance and
decrease glucose uptake by muscle cells, making
glucose available for neurologic tissue.

• Octreotide (20–40 μg sC q8–12h), a somatostatin
analogue, suppresses insulin synthesis and release.

• diazoxide (5–30 mg/kg PO q12h) can block insulin
release by decreasing intracellular release of ion-

J U L Y 2 0 0 9 V O l U M e 1 1 . 6
10

BG <60 mg/dL?

Repeat test on plasma sample
or dry chemistry

Evaluate for primary
neurologic diseaseGlucometer reading?

BG <60 mg/dL?

No

No

No

No

Yes

Yes

Yes

Yes

Yes

BG <60 mg/dL?

Neurologic signs?

Increase meal frequency

Decontaminate if toxin ingested

Frequent monitoring for
neurologic signs

Glucose gel on gums

IV dextrosea +
dextrose CRIb

Conduct the following:

Complete blood count, serum
chemistry, urinalysis

Diagnostic imaging

Serum insulin

Bile acid testing

Cortisol level or ACTH stimulation testing

Glucagon injectionc

Consider corticosteroids

Figure 1. Interventions for hypoglycemia with and without neurologic signs. ACTH = adrenocorticotropic
hormone, BG = blood glucose
a1 ml/kg 25% dextrose.
bConstant-rate infusion (CrI) of 1.25%–10% dextrose in normal saline.
c50 ng/kg/min IV or IM bolus, then 5–40 ng/kg/min IV.
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ized calcium. It also stimulates the adrenergic nerv-
ous system, gluconeogenesis, epinephrine release,
and glycogenolysis. response to this drug is variable.

• streptozotocin and alloxan selectively destroy pan-
creatic β cells and have been used for treating non-
resectable β-cell tumors. streptozotocin has been
associated with nephrotoxicity, which may be ame-
liorated with saline diuresis.

Patient Monitoring
• serial measurement of blood glucose level.
• neurologic evaluation of level of consciousness

and coordination.

Home Management
• recommend frequent small meals that are higher in

fat and contain complex carbohydrates and fiber
(canned and dry). Avoid monosaccharides, disac-
charides, and propylene glycol additives.

• Counsel owners of diabetic pets about the clinical
signs of hypoglycemia and the proper use of insulin,
dextrose supplements, and glucagon.

Treatment Contraindications
The goal of glucose supplementation is to provide
enough glucose for normal body functions. Persistent
hyperglycemia caused by oversupplementation can
result in osmotic fluid shifts, diuresis, and fluid losses.
Oversupplementation of dextrose in patients with
insulinoma can result in overstimulation of the pan-
creas, leading to increased insulin release and exacer-
bation of hypoglycemia.

PROGNOSIS

Favorable Criteria
• reversible causes, such as sepsis, toxin exposure,

and insulin overdose.
• neonates and toy breeds with hypoglycemia that

responds to increased feeding frequency.
• Positive response to treatment for hypoadrenocorti-

cism.

Unfavorable Criteria
• Patients with β-cell tumors, glycogen storage dis-

eases, or end-stage hepatic failure generally have a
poor long-term prognosis.

• Prolonged neuroglycopenia can result in permanent
brain injury.

• nonresectable neoplasia.

RECOMMENDED READING

Feldman eC, nelson rW. Beta cell neoplasia. In: Feldman eC, nel-
son rW, eds. Canine and Feline Endocrinology and Reproduc-
tion. 3rd ed. Philadelphia: WB saunders; 2004:616-644.

Koenig A. Hypoglycemia. In: silverstein d, Hopper K, eds. Small
Animal Critical Care Medicine. st. louis: saunders elsevier;
2009:295-299.

loose n, rudloff e, Kirby r. Hypoglycemia and its effects on the
brain. J Vet Emerg Crit Care 2008;18(3):223-224.

McMichael M, dhupa n. Pediatric critical care medicine: specific
syndromes. Compend Contin Educ Pract Vet 2000;22(4):353-
360.

Todd JM, Powell ll. Xylitol intoxication associated with fulminant
hepatic failure in a dog. J Vet Emerg Crit Care 2007;17(3):286-
289.

ARTICLE #2 CE TEST

1. The most reliable criterion for diagnosing clinically
significant hypoglycemia is
a. hypersalivation.
b. blood glucose <60 mg/dl.
c. labored breathing.
d. pale mucous membranes.

2. The hormones that are released to counterregulate
a low blood sugar level include
a. epinephrine, corticosteroid, glucagon, and growth

hormone.
b. epinephrine, glucagon, corticosteroid, and thy-

roid hormone.
c. epinephrine, corticosteroid, gastrin, and growth

hormone.
d. epinephrine, corticosteroid, glucagon, and tes-

tosterone.

3. Which organ/tissue is the most susceptible to the
detrimental effects of hypoglycemia?
a. liver
b. heart
c. skeletal muscle
d. brain

4. Treatment for hypoglycemia may include all of the
following except
a. glucagon.
b. dextrose bolus followed by constant-rate infu-

sion.
c. epinephrine.
d. corticosteroid.

5. Which of the following is not associated with
hypoglycemia in small animals?
a. postpartum tremors
b. weakness
c. ingestion of xylitol-containing gum
d. seizures in a diabetic animal receiving insulin

CE
See page 12
for instructions.




