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Blood Glucose Regulation
Normoglycemia is maintained by the actions of multi-
ple hormones that regulate the metabolic pathways 
responsible for glucose addition and removal from 
blood (Figure). Insulin and glucagon are the most 
important hormones involved in glucose homeostasis. 
The major pathways through which glucose is added 
to blood are intestinal absorption of dietary glucose 
and hepatic glucose production via glycogenolysis and 
gluconeogenesis.3 Insulin and glucagon play opposite 
roles in blood glucose regulation. Insulin exerts hypo-
glycemic effects through actions that stimulate glucose 
uptake by target tissues and reduce hepatic glucose 
output.3 Glucagon has no effect on cellular glucose 
uptake but potently increases the rate of glucose 
appearance in blood through stimulation of glycogeno-
lysis and gluconeogenesis.4 It is the balanceof these 
hormones—the insulin:glucagon ratio—that deter-
mines whether there is a net gain or loss of glucose 
from blood. 

Hypoglycemia is a manifestation of a pathologic 
process—not a diagnosis. It is always secondary 
to a disorder that disrupts or overwhelms one or 
more of the homeostatic mechanisms respon-
sible for maintenance of normoglycemia.

Background & Pathophysiology
Glucose is a dietary carbohydrate used as a substrate for 
adenosine triphosphate production via anaerobic and 
aerobic pathways. Its use as a cellular source of fuel 
requires regulation at multiple points during metabo-
lism. As a result, glucose homeostatic pathways are 
highly integrated to maintain blood glucose levels 
within precise physiologic limits.1 

Hypoglycemia is defined as a decrease in blood glucose 
below the physiologic range and is considered clinically 
relevant when levels decrease below 60 mg/dL.2 
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When glucose decreases below its physiologic set 
point, insulin secretion is typically inhibited and 
glucagon secretion is stimulated; when the decrease 
in glucose levels is rapid, a marked counterregula-
tory response serves to rescue the organism from 
severe hypoglycemia.5 The counterregulatory 
response is mediated through the actions of hor-
mones such as cortisol and other glucocorticoids, 
catecholamines, and growth hormone, which 
induce a degree of insulin resistance that helps 
increase blood glucose. Hypoglycemia occurs when 
the rate of glucose removal exceeds the rate of its 
addition to blood.1 Endogenous or exogenous sub-
stances that mimic or potentiate insulin action or 
enhance or accelerate glucose metabolism increase 
glucose removal, whereas failure of endogenous 
glucose production decreases the rate of glucose 
addition to blood. Disruptions of the pathways 
responsible for glucose addition or removal may 
overwhelm homeostatic mechanisms and produce 
clinical hypoglycemia.

Mechanisms of Action
Hypoglycemia has been associated with a variety 

of clinical conditions but is a consistent feature 
of relatively few disorders. Because artifactual 
and factitious causes for hypoglycemia are fairly 
common, it is important to rule out the possibility 
of preanalytic (eg, improper sample collection, 
handling or storage) or analytic (eg, inaccurate 
glucometer) errors before accepting the validity 
of a test result consistent with hypoglycemia, 
especially when clinical signs are lacking or the 
finding is unexpected. Confidence in the result 
can be improved by repeating the analysis or using 
a different technique to measure glucose. Clinical 
disorders produce hypoglycemia through one or 
more pathophysiologic mechanisms. Clinical 
hypoglycemia can be broadly divided into several 
categories: hyperinsulinemic hypoglycemia, 
hypoinsulinemic hypoglycemia, and miscella-
neous disorders (Table 1, next page).6 

Hyperinsulinemic hypoglycemia is the most com-
mon mechanism of hypoglycemia in dogs and cats, 
with relative or absolute insulin excess being a 
common feature (Table 1, next page). Exogenous 
insulin administered to diabetic patients is 
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d  FIGURE  Normoglycemia represents balance between glucose addition and removal from the blood. Hypoglycemia results when the 
rate of glucose addition falls below the removal rate (ie, hypoinsulinemic hypoglycemia) or when the rate of removal exceeds the 
addition rate (ie, hyperinsulinemic hypoglycemia).
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TABLE 1

PATHOPHYSIOLOGIC MECHANISMS & MAJOR CAUSES OF HYPOGLYCEMIA

Mechanism of Action Clinical Notes

Hypoinsulinemic hypoglycemia

Congenital portosystemic shunt Reduced hepatic glycogen storage and gluconeogenesis Signs observed at young age. Breed conveys risk in dogs. Signs are similar for intra- and extrahepatic shunt locations.

Liver failure (acute or chronic) of any cause, including 
feline hepatic lipidosis

Impaired or reduced hepatic glucose production due to 
hepatocellular dysfunction, injury, or loss

Frequently accompanied by elevated levels of hepatic transaminases and bilirubin; however, blood levels of other hepatic 
function markers (eg, urea, albumin, cholesterol) will be low. 

Hypoglycemia of fasting Limited hepatic glycogen stores are exhausted after a short fast. 
Hepatic glucose production is less efficient in young puppies and 
kittens than in adults due to reduced glycogen stores and limited 
gluconeogenic substrates. Fasting does not cause hypoglycemia 
in healthy adult animals.

Most common cause for hypoglycemia in neonatal and young puppies and kittens

Glycogen storage disorders Genetic condition that causes impaired glycogen metabolism Type 1 (von Gierke’s disease) and type 3 (Cori’s disease) are rare conditions that have been described in dogs.

Counterregulatory hormone deficiency Deficiency results in decreased antagonism of insulin action, 
which favors development of hypoglycemia.

Clinical disorders include cortisol deficiency (hypoadrenocorticism) and growth hormone deficiency (eg, pituitary 
dwarfism).

Polycythemias Increased cellular glucose use Infrequent complication of hematologic cancers and other disorders associated with marked erythrocytosis (eg, 
polycythemia vera) or leukocytosis (eg, leukemias)

Hyperinsulinemic hypoglycemia

Insulin overdose Accidental or intentional administration of excess dose of 
exogenous insulin

Affected patients have a history of diabetes mellitus; many are considered poorly regulated diabetics. Inadvertent overdose 
of prescribed insulin is the most common error. Using insulin to cause intentional harm is reported in humans but appears 
rare in veterinary medicine.

Insulinoma Neuroendocrine tumor of islet cells secretes endogenous insulin 
in excess

Vague, nonspecific signs may precede onset of hypoglycemia. Recent weight gain is reported before diagnosis in some 
patients.

Paraneoplastic hypoglycemia Tumor produces an insulin-like substance. Some nonpancreatic tumors release a humoral factor that causes hypoglycemia; tumor may produce other signs along 
with hypoglycemia. Increased glucose consumption by very large tumors may also contribute to hypoglycemia.

Xylitol toxicity Stimulation of insulin release in dogs Hypoglycemia is secondary to increased insulin secretion but may be exacerbated in dogs with xylitol-associated liver failure.

Miscellaneous

Sepsis Cause is not fully understood; multiple mechanisms have a role. Hypoglycemia is related to more severe cases of sepsis and may signify a worse prognosis.

Infections, toxins, and drugs Various mechanisms Infections infrequently associated with hypoglycemia include bartonellosis and babesiosis.2 Hypoglycemia can result 
from ethylene glycol toxicity or ethanol intoxication (rare in dogs and cats) and has been observed in a dog after oleander 
ingestion.2 Hypoglycemia due to drugs (other than insulin), including oral hypoglycemic drugs, is rare in dogs and cats. 

Idiopathic or episodic 
hypoglycemia

Unknown cause; multiple factors (eg, prandial state, level 
of anxiety/excitement, level of exertion, diet) are likely to be 
involved.

Episodes of hypoglycemia occur in an otherwise healthy animal. Triggering events or circumstances may be identified; 
clinical examples include small-breed hypoglycemia and hunting dog hypoglycemia. Hypoglycemia may rarely develop 
during pregnancy in dogs.
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responsible for most cases of hyperinsulinemic 
hypoglycemia in veterinary medicine; typically, 
the cause is insulin overdose, although pharmaco-
logic doses of insulin given to diabetic cats may 
result in onset of diabetes remission with subse-
quent hypoglycemia.7,8 Accidental or nefarious 
injection of insulin has been described in nondia-
betic humans but is an unlikely cause of hyperin-
sulinemic hypoglycemia in animals.9 

Insulinoma, a neuroendocrine tumor of the pan-
creas, is the most common disorder associated with 
hyperinsulinemic hypoglycemia due to excess pro-
duction of endogenous insulin.10 Insulin excess due 
to islet cell hyperplasia has been suspected in some 
dogs.11, 12 In humans, oral hypoglycemic drugs (eg, 
sulfonylureas) that stimulate release of endogenous 
insulin can cause hyperinsulinemic hypoglycemia. 
However, these drugs are infrequently used in vet-
erinary medicine, so this effect is unlikely to be 
encountered clinically.13 

Ingestion of xylitol, an artificial sweetener used in 
many products intended for human use, causes 
profound hypoglycemia in dogs.14 Uniquely in 
dogs, xylitol is a potent stimulator of insulin 
release, and toxicity occurs after ingestion of more 
than 0.1 g/kg.15,16 Hypoglycemia results from insu-
lin excess with or without concurrent failure of 
hepatic glucose output, which is caused by xylitol- 
induced liver damage.

Hypoinsulinemic hypoglycemia describes hypo-
glycemia that develops independent of insulin; 
in associated conditions, blood insulin is appro-
priately low with hypoglycemia. Non-insulin–
mediated hypoglycemia may develop via one of 
several mechanisms (Table 1, page 30). Several 
tumor types (eg, hepatomas, hepatocellular carci-
nomas, leiomyomas, leiomyosarcomas) produce 
humoral insulin-like substances (eg, insulin-like 
growth factor-1) that promote hypoglycemia.2,6,17 
Hypoinsulinemic hypoglycemia can also occur 
with disorders that increase use of glucose by body 
tissues or those associated with failure of hepatic 
glucose production.18
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History & Clinical Signs
Hypoglycemia is a manifestation of disease rather 
than a specific diagnosis. Patient age and breed, 
previous diagnoses (eg, diabetes), and information 
about the conditions that elicit signs (eg, fasting, 
exercise) provide clues about possible causes. 
Patients may not share a consistent history except 
when the only signs displayed are those of hypo-
glycemia. Signs of hypoglycemia can be divided 
into signs related to impaired tissue energetics 
(neuroglycopenic) and those related to sympa-
thetic activation (neurogenic; see Signs of Hypo-
glycemia).19 Acute hypoglycemia can produce a 
variety of nonspecific signs, including muscle 
tremors or weakness, ataxia, nausea, vomiting, 
behavior changes, confusion, collapse, seizures, 
and coma.2 Chronic or intermittent hypoglycemia 
is often associated with vague signs of decreased 
activity or reduced energy, which may be accompa-
nied by signs that are usually associated with acute 
exacerbations.19

Diagnosis 
Hypoglycemia is diagnosed when the measured 
blood glucose level is below the reference range, 
which is generally centered around 90 to 100 mg/
dL and ranges from 70 to 120 mg/dL. Clinically, 
signs are most likely to appear when the glucose 
level is ≤60 mg/dL.2,19 Hypoglycemia may be docu-
mented using a variety of clinical testing methods, 
including serum chemistry profile, whole blood 
testing using a portable glucometer, or interstitial 
fluid analysis using a continuous glucose monitor. 
Artifactual hypoglycemia is a preanalytic error that 
occurs when glucose in the sample is consumed by 
blood cells during processing. Some examples 
include consumption by RBCs when clot removal is 
delayed during serum processing or by WBCs when 
severe leukocytosis is present.20 If laboratory error 
is eliminated as a cause, persistent or recurrent 
hypoglycemia should be investigated. Because rec-
ognition of hypoglycemia per se is not sufficient to 
make a diagnosis, patient history, physical exam-
ination, and other diagnostic findings must be care-
fully evaluated to identify the underlying cause. A 
diagnosis of clinically relevant hypoglycemia is 
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confirmed by satisfying the criteria of Whipple’s 
triad: 1) clinical signs of hypoglycemia, 2) concur-
rent biochemical hypoglycemia, and 3) resolution 
of clinical signs with correction of hypoglycemia. 
In many cases, a series of diagnostic tests and imag-
ing studies are needed to identify an underlying 
cause for hypoglycemia.

Treatment & Management 
Treatment aims to eliminate the clinical signs of 
hypoglycemia and address any underlying pathol-
ogy (Table 2, next page). Mild hypoglycemia may 
be alleviated by feeding, especially in young ani-
mals or small-breed dogs in which hypoglycemia 
may develop due to rapid depletion of glycogen. 
Blood glucose can be increased rapidly via oral 
or IV glucose supplementation. Oral glucose is 
usually provided as corn syrup or honey, both 
of which contain large amounts of glucose in 
the form of simple sugars.19 IV glucose is usually 
supplied via bolus injection or CRI of a glucose 
solution prepared from a sterile 50% dextrose 
solution. Infusion of glucagon, a hormone that 
antagonizes insulin-mediated inhibition of 
gluconeogenesis and promotes hepatic glucose 
production, has been used to treat hypoglycemia 
associated with insulin overdose and insulinoma 
in dogs.21,22

Some medications are useful for addressing 
chronic hypoglycemia associated with specific  
disorders. Glucocorticoids (eg, prednisone, dexa-
methasone) are used as replacement therapy for 
cortisol deficiency that accompanies hypoadreno-
corticism.23 Given at doses sufficient to induce 
insulin resistance, these drugs are also used as 
adjunctive treatment for insulinoma-associated 
hypoglycemia.10 Anecdotally, L-carnitine supple-
mentation may help ameliorate hypoglycemic 
events in susceptible small-breed puppies, includ-
ing those with hypoglycemia caused by portosys-
temic shunting. 

Prognosis
Correction of hypoglycemia is readily accom-
plished with glucose supplementation. However, 

SIGNS OF HYPOGLYCEMIA19

h Signs may be triggered under such circumstances as 
fasting, stress, or exercise.

h Severity of signs depends on hypoglycemia duration 
and severity.

h Marked hypoglycemia may be tolerated in dogs and 
cats with chronic or episodic hypoglycemia.  

Neurogenic Signs

h Restlessness

h Hunger/food seeking

h Nausea/vomiting

h Tachycardia

h Tremors

h Signs reported in humans include feeling shaky, 
sweating, and anxiety, but equivalent signs are 
difficult to define in dogs and cats.

Neuroglycopenic Signs*

h Weakness

h Unusual behaviors, confusion, apparent vision 
abnormalities

h Ataxia 

h Lethargy

h Seizure

h Coma
*Severe or prolonged neuroglycopenia may be fatal.
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TABLE 2

TREATMENT OF HYPOGLYCEMIA

Treatment Formulations & Dosing Guidelines Clinical Notes

Food A small snack or meal portion of a commercial balanced diet is a source of carbohydrates as well as substrates that 
support gluconeogenesis.

•  Only indicated for treatment of mild hypoglycemia
•  Requires patient to be alert and have the ability to swallow normally
•  Not suitable for emergency treatment of hypoglycemia
•  Small meals fed frequently may be part of an effective strategy for hypoglycemic management in some patients.

Glucose-
containing 
syrup

• Corn syrup or honey contains a high percentage of glucose as the simple sugar.
• 50% dextrose for injection (0.5 g glucose/mL); can be given PO if IV access is not available
• Apply liberally along gingiva and buccal mucosa; allow ingestion if patient is able to swallow.

•  Owners should be advised to start therapy as soon as hypoglycemia is recognized.
•  Caregivers should be warned to take care not to be bitten during administration and to withhold treatment if patient is 

nonresponsive or unable to swallow.

Glucose 
solution

50% dextrose for injection (50-mL vial); each vial contains 25 g dextrose
Glucose bolus 
•  IV injection is administered at 0.5-1.0 g/kg (1-2 mL/kg) over 10-15 minutes; the dose is diluted 1:4 with 0.9% sodium chloride 

before administration.
Glucose CRI
•  A 5% glucose infusion solution is prepared by adding 25 g dextrose/500 mL isotonic fluid (eg, lactated Ringer’s solution).
•  A glucose bolus may be given at the start of CRI. 
•  The infusion rate is started at 2-3 mL/kg/hour and titrated to achieve normoglycemia.   

•  An indwelling catheter is recommended to avoid complications (eg, phlebitis, pain) associated with injection of hypertonic 
glucose solutions.

•  Bolus injection will rapidly correct hypoglycemia but may stimulate insulin release in nondiabetic patients. In such cases, 
the effect of the bolus may wane rapidly, necessitating administration of multiple boluses; beginning a glucose CRI should 
be considered.

•  In a study of insulin overdose in dogs and cats, glucose supplementation was continued for a median of 18 hours and 8.5 
hours, respectively, until euglycemia was restored.7 The same study found that the total amount of glucose needed to 
restore normoglycemia was >1 g/kg, with some patients requiring much greater quantities.

Glucagon Available in 1-mg vials for rescue treatment of hypoglycemia in diabetic humans; drug is administered via CRI for veterinary 
applications
CRI preparation and dosing
1.  Glucagon is reconstituted using supplied diluent.
2.  The infusion solution (1 µg glucagon/mL) is prepared by adding the entire reconstituted volume (containing 1 mg glucagon) to 1 

L bag of 0.9% sodium chloride solution.
3.  A bolus injection of glucagon (0.05 µg/kg) IV can be given before starting CRI.
4.  The initial CRI dose is 0.005-0.01 µg/kg/min IV and is titrated to achieve normoglycemia.
5.  Blood glucose should be monitored hourly until normoglycemia is achieved.
6.  CRI can be maintained until blood glucose is stable and the rate tapered with monitoring to ensure normoglycemia is 

sustained. 

•  Glucagon infusion is reported in dogs and has been used to treat hypoglycemia due to insulinoma9,24 and insulin 
overdose.9,25

•  Glucagon infusion is effective and well-tolerated in dogs24 and should be considered when glucose infusion fails to 
maintain blood glucose. 

Adjunctive treatment

Glucocorticoids Prednisone
•  Dose for hormone replacement is 0.1-0.2 mg/kg daily.
•  Dose to induce insulin resistance is 1-2 mg/kg daily (higher dose is also immunosuppressive).
Dexamethasone 
•  More potent than prednisone and requires appropriate dose reductions  
•  Replacement dose is 0.01-0.02 mg/kg/day.
•  Dose sufficient to induce insulin resistance is 0.1-0.2 mg/kg/day.

•  Use of low-dose glucocorticoids as hormone replacement is only indicated for treatment of hypoglycemia caused by 
cortisol deficiency associated with hypoadrenocorticism. The dose is insufficient to induce insulin resistance.

•  Adverse effects (eg, polydipsia, polyuria, weight gain) occur when doses exceed the replacement dose.
•  Glucocorticoid induction of insulin resistance is a helpful adjunctive treatment for insulinoma when definitive therapy is 

not pursued. Improvement or resolution of insulinoma-induced hypoglycemia is usually temporary, although some dogs 
will remain subclinical for several months.  

L-carnitine A recommended empiric dose is 50 mg/kg twice daily.

The use of L-carnitine for this purpose is based on anecdotal reports and the author’s clinical experience. 

•  L-carnitine is believed to increase the metabolic efficiency of mitochondria and to improve cellular energy production.26 
•  L-carnitine is commercially available as a nutritional supplement. The powder form is easily given mixed with food.
•  L-carnitine supplementation may be useful for decreasing the frequency and severity of hypoglycemia in young animals. 

Supplementation can usually be discontinued after the animal matures.
•  Anecdotally, L-carnitine may provide similar benefits for animals with liver impairment secondary to portosystemic 

shunting and animals with some forms of idiopathic hypoglycemia.  
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initial improvement will wane if the underlying 
pathology of hypoglycemia is not addressed or 
resolved. Frequent or continuous glucose supple-
mentation may be needed to support patients with 
hypoglycemia caused by insulin overdose until the 
exogenous insulin is fully metabolized. Insulin 
excess due to insulinoma causes a similar prob-
lem, but release of endogenous insulin from insu-
linoma is ongoing and may be unpredictable. 
Some of these tumors may retain the ability to 
secrete insulin in response to hyperglycemia, 
which may develop during bolus glucose adminis-
tration. The severity of hypoglycemic episodes 

experienced by juvenile animals or small-breed 
dogs may decrease with treatment and time as the 
animal matures and grows. 

Idiopathic hypoglycemia carries a good prognosis if 
triggering factors can be identified and avoided. 
Prognosis for paraneoplastic hypoglycemia depends 
on whether effective treatment of the underlying 
neoplasm is possible. Hypoglycemia secondary to 
liver failure subsequent to cirrhosis or other disor-
ders carries a poor prognosis, whereas hypoglyce-
mia in patients with portovascular anomaly is 
expected to resolve after shunt closure. n
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