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Glycemic control in diabetic dogs and cats may 
be jeopardized by hospitalization for treatment of 
diabetic or nondiabetic disorders or routine health 
care interventions, such as minor surgical procedures 
or dental prophylaxis. Thus, a major challenge for 
veterinarians caring for established diabetics in the 
hospital is to provide needed care while avoiding 
significant disruption of glucose control. This article 
provides useful strategies and techniques for in-
hospital glucose management in established stable 
diabetics.

GLUCOSE REGULATION
Glucose homeostasis is subject to complex 
physiologic regulation.1 Glucose in the blood has 3 
major sources. 
1. Digestion of dietary carbohydrates, which 

produces glucose that is absorbed into the blood 
following a meal.

2. Glycogenolysis biochemically breaks down 
glycogen, a stored form of glucose. 

3. Hepatic gluconeogenesis produces glucose from 
precursors, such as amino acids and glycerol.
The latter 2 processes occur between meals or 

during fasting. Each process is subject to physiologic 
regulation at multiple steps, which maintains blood 
glucose within precise physiologic limits.

Regulation in Healthy Animals
In healthy animals, euglycemia is maintained by 
interplay between hormones that adjust glucose 
levels in the blood. 

Insulin is released from pancreatic beta cells, and 
is the principal hormone responsible for lowering 
blood glucose. Precise coupling between changes 
in portal vein glucose concentration and insulin 
secretion permits exquisite minute-to-minute 
glycemic regulation. The rate and amount of insulin 
release is modulated by a myriad of physiologic 
substances, including neurotransmitters, paracrine 
factors, and hormones. 

The incretin system, which includes glucagon-like 

peptide 1 (GLP-1) and gastric inhibitory peptide 
(GIP), is an important link between ingested 
nutrients and insulin release. The presence of 
various nutrients in the intestinal lumen stimulates 
the release of GLP-1 and GIP from specialized 
neuroendocrine cells scattered in the intestinal 
mucosa. Incretins act at specific receptors on the 
beta cell membrane to augment glucose-stimulated 
insulin secretion. The ability of insulin to lower 
glucose is mainly due to stimulation of glucose 
uptake by target tissues, especially muscle. 

A group of hormones, collectively called stress 
hormones or counter-regulatory hormones, which 
include glucagon, catecholamines, growth hormone, 
and cortisol, antagonize insulin action and tend to 
raise blood glucose. Glucagon, especially, has an 
intimate relationship with insulin. The insulin-to-
glucagon (I/G) ratio is a major hormonal signal that 
regulates hepatic glucose output.2 

After a meal, the I/G ratio is high (ie, portal vein 
insulin level is high) and the liver uses glucose for 
glycogenesis, inhibiting gluconeogenesis. Between 
meals, when glucose absorption from the gut and 
portal vein insulin concentrations are low, the 
low I/G ratio favors net hepatic glucose output 
via enhanced glycogenolysis and activation of 
gluconeogenesis.

Regulation in Diabetic Animals
Diabetic dogs and cats lack the precise glycemic 
control found in healthy animals. Reduced beta cell 
mass and/or insulin resistance is associated with 
relative or absolute hypoinsulinemia and relative 
hyperglucagonemia—conditions that promote 
excessive glucose output from the liver, resulting in 
hyperglycemia. 

In addition, any increase in glucose that 
occurs during the absorptive phase of digestion 
cannot be blunted by insulin release, which 
contributes to postprandial hyperglycemia. Along 
with the detrimental effects of hyperglycemia, 
hypoinsulinemia also favors lipolysis, with resultant 

Glycemic Control of Hospitalized 
Diabetic Patients
Thomas Schermerhorn, VMD, Diplomate ACVIM (Small Animal Internal Medicine) 
Kansas State University 



tvpjournal.com | March/April 2016 | TodAy’s VeTerinAry PrAcTice  

GlyceMic conTrol of HosPiTAlized diAbeTic PATienTs Peer reviewed 

41

increases in blood levels of fatty acids and glycerol. 
Increased fatty acid availability leads to ketone 
formation when hepatic metabolism is overwhelmed, 
resulting in metabolic acidosis.   

DANGER OF HYPERGLYCEMIA
Hyperglycemia in hospitalized humans is associated 
with a higher risk for certain complications and may 
affect mortality.3 Risks for similar complications are 
poorly defined in dogs and cats, but a few studies 
have suggested links between hyperglycemia and 
outcome in nondiabetic dogs with cardiac disease4 
and sepsis.5 

The detrimental effects of hyperglycemia arise 
through several common pathways that cause 
systemic inflammation and alterations in endothelial 
cell function, which can lead to diverse immune, 
vascular, and neurologic abnormalities. 

Immune Function
The major effect of hyperglycemia on immune 
function is impaired neutrophil and monocyte 
phagocytic function, but decreased lymphocyte 
counts, altered CD4 and CD8 lymphocyte 
counts, and immunoglobulin dysfunction are also 
documented.6 In humans, defects in granulocyte 
function occur when glucose levels are greater 
than 200 mg/dL.6 Interestingly, many of these 
abnormalities resolve after hyperglycemia is 
reversed. Endothelial cell alterations associated with 
hyperglycemia lead to increased cell permeability, 
altered membrane adhesion, cellular inflammation, 
and thrombus formation, all of which may result in 
endothelial failure.6

Inflammation
Inflammation has consistently been associated with 
the diabetic state. Inflammatory mediators increase 
rapidly after establishment of hyperglycemia in 
cultured human mononuclear cells and animal models 
with induced diabetes.6 Several studies have shown 
that tumor necrosis factor-alpha, interleukins (eg, 
interleukin-6, -8, and -18), and other inflammatory 
mediators are elevated in dogs with experimental and 
naturally occurring diabetes.7,8 

A common pathway that promotes generation 
of inflammatory mediators is activation of 
proinflammatory nuclear factor kappa-B, which acts 
as a transcription factor to induce gene expression.6 
Activation of inflammatory pathways is thought to 
underlie many of the cardiovascular complications 
of diabetes in humans. Cardiovascular effects of 
hyperglycemia include myocardial cell injury or death, 

blood pressure alteration, catecholamine increase, 
and platelet abnormalities, although the chronic 
cardiovascular effects associated with hyperglycemia 
appear to be less prevalent in diabetic dogs or cats 
than in humans.6 

Vascular Dysfunction
Diabetes is also associated with endothelial 
dysfunction, impaired fibrinolytic activity, platelet 
hyperreactivity, and high risk for vascular injury.9 
Hyperglycemia contributes to neurotoxicity arising 
from brain ischemia regardless of cause. Neurons 
surrounding the ischemic area are the most 
susceptible to the adverse effects of hyperglycemia. 
Hyperglycemia increases free radical production and 
induces oxidative stress, which, in combination with 
ischemia, lactate production, and acidosis, contributes 
to progressive tissue damage and neuron cell death.6

Effects of Chronic Hyperglycemia
Hyperglycemia of any cause can produce detrimental 
effects, but the effects are exaggerated with the 
chronic hyperglycemia that occurs in diabetes. The 
potential for hyperglycemic complications may be 
especially high in patients with unregulated diabetes, 
when glucose is substantially elevated throughout 
much of the day. 

Hyperglycemia presents a management challenge 
in hospitalized dogs and cats, not only in terms 
of effective diabetes control but also because 
hyperglycemia may have detrimental effects that 
are independent of diabetes (ie, produce the same 
consequences in nondiabetic patients).

EFFECTS OF HOSPITALIZATION ON 
DIABETIC PATIENTS 
Disturbances in glycemic control should be 
anticipated any time a diabetic patient is hospitalized.

Clinicians should keep several principles in mind 
when considering strategies for managing diabetic 
patients during hospitalization (Table 1). 

Table 1. 
Considerations for In-Hospital Management 
of Diabetes
•	 Inflammatory disorders or disorders associated 

with insulin resistance
•	 Disorders associated with activation of counter-

regulatory response
•	 Administration of drugs that antagonize insulin 

action
•	 Variability in insulin absorption and action
•	 Variability in food intake and need for periods of 

nothing-by-mouth status
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Effects of Hospitalization
Any deviation from a diabetic patient’s daily routine, 
however minor, may have a substantial effect on 
glycemic control. Possible disturbances arising 
directly from hospitalization include altered timing 
of insulin doses, inconsistent dosing, changes in diet, 
amount of food eaten or timing of meals, changes in 
daily activity, and effects of hospital environment on 
patient behavior. 

Effects of Illness 
Glycemic control can also deteriorate as a direct effect 
of illness. Sick patients may have decreased fluid 
intake, reduced appetite, impaired mobility, or other 
problems that might affect diabetic control. In some 
cases, illness may have necessitated recent changes in 
insulin dose or dosing schedule. 

Glycemic control can be markedly disrupted 
when patients have disorders associated with insulin 
resistance. Insulin resistance in dogs and cats can be 
induced by any condition that leads to inflammation 
or initiates a counter-regulatory hormone response, 
such as trauma, shock, anesthesia, or surgery. 

Evidence for a role of inflammation in induction 
of insulin resistance is well established in humans but 
less so in dogs and cats. However, as in humans, the 
inflammation that accompanies such conditions as 
obesity, acute or chronic bacterial infection, immune-
mediated disease, and cancer probably contributes in 
various degrees to deterioration of glycemic control 
in dogs and cats. While inflammation per se results 
in a hormonal response, certain conditions, such 
as naturally occurring hyperadrenocorticism and 
acromegaly, produce a marked hormonal response 
that induces severe insulin resistance. 

Effects of Drug Therapy
Another consideration when approaching patients 
with diabetes and a concurrent disease is whether 
management will require drugs likely to antagonize 
insulin or otherwise impede diabetic control. 

Many drugs known to affect blood glucose in 
diabetic humans are not commonly used in dogs or 
cats.10 However, glucocorticoids or cyclosporine, 
both of which may alter blood glucose, are indicated 
for treatment of various disorders that afflict 
diabetic dogs and cats, such as atopy, allergic lung 
disease, or inflammatory bowel disease. Use of these 
drugs is especially challenging at doses that cause 
immunosuppression. 

It is important to note that some drugs, especially 
glucocorticoid preparations, have the potential 
to interfere with glycemic control even when 

administered as topical preparations. As a rule of 
thumb, the need for any drug with a potential 
to disrupt glycemic control should be carefully 
considered and, if used, its effects on glycemia 
carefully monitored.

Effects of Biologic Variability
Finally, biologic variability in the pharmacokinetic 
and pharmacodynamic actions of exogenously 
administered insulin may be a significant cause of 
disrupted glycemic control in hospitalized patients.11 

Pharmacodynamic variability is most clinically 
relevant because the glucose-lowering effect of 
insulin—the pharmacodynamic parameter—is more 
important than the concentration of circulating 
insulin—the pharmacokinetic parameter. The 
absorption and action of exogenous insulin vary 
substantially in healthy and diabetic humans, and 
evidence from the veterinary literature suggests that 
variability is common in diabetic dogs and cats as 
well.12,13 

Variability in insulin response is observed within 
individuals as well as between individuals, which 
makes it difficult to predict the effects of a particular 
dose and type of insulin over time. Some insulin 
preparations (eg, neutral protamine Hagedorn 
[NPH] formulations) show marked variability in 
pharmacodynamic effects after repeated standard 
doses. In humans, the response to NPH insulin 
varied by nearly 50% between individuals when 
compared with regular insulin given at the same 
dose.11 Substantial day-to-day variability can also 
occur in dogs and cats receiving subcutaneous insulin. 

Pathologic processes are suspected to increase 
variability in insulin response in diabetic animals. 
Fever, dehydration, diuresis, or organ dysfunction 
may alter uptake, action, or elimination of insulin 
and change the pharmacodynamic response. Critical 
illness in humans is associated with reduced—but 
variable—insulin sensitivity early in the course of 
hospitalization, perhaps due to activation of the 
intrinsic stress response by onset of illness.6 

It is not known whether illness exerts similar global 
effects on insulin resistance in dogs and cats, but it 
seems likely that similar changes are likely to occur 
in response to shock, trauma, sepsis, and similar 
systemic disorders.

IN-HOSPITAL MANAGEMENT OF 
DIABETIC PATIENTS
Frequent situations that may necessitate diabetes 
management during anesthesia and hospitalization 
include cataract removal, dental procedures, and 
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orthopedic or oncologic surgery. In addition, 
intensive and careful glucose management is required 
for diabetic dogs or cats with concurrent disorders 
that necessitate hospitalization.

Outpatients & Brief Hospitalizations
No change in the insulin regimen may be needed 
for brief hospitalization or for simple or outpatient 
procedures. For patients that are hospitalized but not 
undergoing an anesthetic procedure, continuation of 
the typical insulin dose and type may be sufficient to 
maintain acceptable glycemic control. It is advisable 
to determine blood glucose several times each day 
during hospitalization to ensure the patient is not at 
risk for hypoglycemia.

Management Before & During Anesthesia
Although diabetic patients frequently undergo 
anesthetic procedures, veterinary guidelines for 
managing glycemia before and during the procedure 
have not been developed. 

Glycemic Goals. Glycemic goals during anesthesia 
are to: 
•	 Maintain euglycemia
•	 Avoid hypoglycemia 
•	 Minimize periods of hyperglycemia. 

Of these, it is most important to avoid 
hypoglycemia, which may cause irreversible 
neurologic damage if not detected. Physical 
signs caused by low blood glucose are absent in 
anesthetized patients, so frequent monitoring 
is needed. Intermittent sampling for glucose 
determination with a glucometer is sufficient for 
monitoring in most cases. It may be preferred over 
continuous blood glucose monitoring, which a 
study showed to be a poor method for monitoring 
blood glucose in anesthetized nondiabetic dogs.14

Insulin Administration. In the absence of 
consensus guidelines, various insulin protocols for 
diabetic dogs and cats that will undergo anesthesia 
have been recommended. 
•	 A frequently used protocol suggests administering 

a portion of the patient’s usual insulin dose on the 
morning of the anesthetic procedure: typically, 
the morning meal is withheld and the patient 
administered a quarter to a half of the usual 
insulin dose (most often an intermediate- or 
long-acting insulin formulation) by subcutaneous 
injection. 

•	 Some protocols substitute regular insulin on the 
morning of the procedure in lieu of a longer-acting 
formulation.  

Blood Glucose Monitoring. Blood glucose 
should be measured before the induction of 
anesthesia and frequently during the anesthetic 
procedure, when it is vital. Monitoring every 15 to 
30 minutes during anesthesia and during recovery 
is recommended, and even more frequent glucose 
checks may be needed if blood glucose is fluctuating. 
Careful monitoring can identify developing 
hypoglycemia and permit intervention in the event 
of hypoglycemia or unacceptable hyperglycemia. 
The optimal blood glucose concentration during 
anesthesia and recovery has not been determined, but 
100 to 250 mg/dL is a useful target range based on 
clinical experience.

Insulin Selection. Administration of a morning 
fractional insulin dose and frequent monitoring result 
in a safe anesthetic procedure for most stable diabetic 
patients. However, intermediate- or long-acting 
insulin formulations, which most dogs and cats 
receive as their daily insulin, are not the best choice 
when precise glycemic control is needed. 

The pharmacodynamic effects of long-acting 
preparations (NPH, protamine zinc insulin, insulin 
glargine, and others) change when a lower insulin 
dose is given, and insulin absorption, action, and 
elimination may be altered during anesthesia. Some 
intermediate- and long-acting formulations may show 
a pronounced peak in effect, which increases the risk 
for an acute hypoglycemic event. 

Taken together, these factors introduce an element 
of unpredictability when subcutaneous insulin is used 
before an anesthetic procedure. For these reasons, 
constant rate infusion (CRI) may be the preferred 
method for insulin administration when precise 
glycemic control is needed (see Insulin Infusion, 
page 44).

Diabetic Patients with Concurrent Disorders
In addition to patients undergoing prolonged 
anesthesia, critically ill patients or diabetic patients 
requiring prolonged hospitalization also need careful 
and precise glucose control. 

Monitoring should be performed as often as 
needed to ensure the patient’s glycemia is controlled. 
Monitoring every 4 to 6 hours may be sufficient if 
the patient is stable and glucose fluctuations are not 
likely or expected, but monitoring frequency should 
be adjusted when rapid glucose fluctuations are 
anticipated.  

As with the anesthetized patient, insulin needs for 
critically ill diabetic patients are difficult to predict, 
and subcutaneous administration of intermediate- 
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INSULIN 
INFUSION

Insulin infusion is the most useful method for 
acutely restoring euglycemia and maintaining 
blood glucose within a target range. 

In human medicine, insulin infusion is the 
preferred method for glycemia management in 
the perioperative period and for hospitalized 
patients when long-acting insulin preparations 
are not indicated. Provision of regular 
insulin or an ultra-short-acting analogue 
insulin by intravenous injection (ie, CRI) 
inhibits lipolysis and ketone formation and 
prevents unacceptable or dangerous levels of 
hyperglycemia.

Administration of insulin by CRI is described 
in dogs and cats with diabetic ketoacidosis 
(DKA) but can be used to manage glycemia in 
hospitalized patients as well. 

  The most frequently used protocols entail 
CRI of regular crystalline insulin (Table 2). 

  CRI using an ultra-short-acting insulin has 
been used successfully in dogs with DKA, 
and may provide advantages in veterinary 
patients.15,16 Ultra-short-acting preparations, 
such as insulin lispro or insulin aspart, have 
a more rapid onset and shorter duration of 
action than regular insulin, characteristics 
that prove useful when rapid and precise 
regulation of glucose is needed. 

Glycemic Targets
Insulin CRI is used to prevent hyperglycemia 
and maintain glucose within the target range 
during the infusion period. Insulin CRI, given 
appropriately, maintains the patient within an 
acceptable glycemic range, while avoiding 
hypoglycemia. 

There is no defi ned glycemic target in dogs 
and cats, but 180 to 200 mg/dL is a typical target 

range in humans receiving insulin CRI. The target 
chosen should be: 

  Achieved with minimal intervention 
  High enough to reduce risk for 
hypoglycemia

  Able to prevent unacceptable levels of 
hyperglycemia. 

A safe upper limit of 200 to 250 mg/dL 
is recommended for dogs and cats, but a 
lower range might be the target in select 
circumstances, such as when hyperosmolality is 
a concern or when attempting to avoid glucose-
mediated diuresis. When blood glucose is below 
250 mg/dL, the renal threshold for glucosuria is 
not exceeded, which decreases osmotic diuresis 
and solute loss and minimizes clinical signs of 
diabetes. Glucose targets less than 250 mg/dL 
may provide better daily glycemic control but 
require frequent CRI adjustments and increased 
monitoring to avoid hypoglycemia.

Specifi c Protocols
When used to support a stable patient under-
going elective or uncomplicated anesthesia, 
the CRI can be discontinued at the end of the 
procedure and the patient allowed to recover 
normally. In most cases, the patient can return 
to the normal insulin routine beginning with the 
next scheduled dose when the patient is able to 
eat and drink normally.

In cases that require prolonged CRI, the 
infusion should be continued as long as needed. 
Indications for continuing CRI include: 

  Desire to keep the patient on a nothing-by-
mouth status

  Reduced food intake/inappetence
  Altered consciousness
  Unstable patient requiring intensive care.  

Once a patient is stable, alert, and able to eat 
regularly, the CRI is discontinued to allow the 
effects of insulin to wane. When regular insulin 
is used in the CRI, the glucose-lowering effects 
of insulin dissipate and hyperglycemia returns 
within 4 to 6 hours after the CRI is stopped. 
Hyperglycemia returns more quickly when the 
CRI contains ultra-short-acting insulin, such as 
insulin aspart or insulin lispro. 

Incorporating CRI into Practice
With some training and experience, most 
practices can effectively use insulin CRI during 
anesthesia or for treatment of hospitalized 
diabetic patients. Requirements for specialized 
equipment (a dedicated infusion pump) and 
personnel for frequent patient monitoring are 
drawbacks of using insulin CRI, but improved 
glycemic control and the possibility of reducing 
hospitalization time and costs offset these 
disadvantages. 

Table 2. 
Preparation of Insulin Constant Rate Infusion
MATERIALS NEEDED 

•	 Fresh vial of U100 regular crystalline insulin (100 U insulin/mL)
•	 Sterile 250-mL bag of 0.9% NaCl
•	 Infusion pump capable of accurate delivery of small volumes (1–20 mL)

PREPARATION OF INFUSION

1.  Add 2.2 U/kg regular insulin to 250 mL 0.9% NaCl and mix thoroughly.
2.  After the infusion tubing is attached, allow 50 mL of the solution to fl ow 

through the tubing and then discard.*
3.  Initiate insulin CRI at 7 to 10 mL/H and maintain the rate until the target 

glucose level is achieved (usually 250 mg/dL).
4.  Adjust CRI to maintain glucose within the target range. Typical adjustments 

are made using increments of 1 to 2 mL/H based on glucose concentrations 
determined by glucometer every 1 to 2 hours.

* Proteins, such as insulin, adhere to plastic tubing; passing a 50-mL volume of solution 
through the tubing saturates potential insulin-binding surfaces. 
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and long-acting insulin formulations may be a poor 
choice. When glycemic control is a priority (in 
hospitalized, ill diabetic patients), administration of 
depot insulin preparations should be suspended and 
insulin needs met by CRI using a short-acting insulin 
(see Insulin Infusion). 

Use of CRI to administer insulin facilitates greater 
control over blood glucose and allows fl exibility to 
respond to rapid changes in insulin needs. Short-
acting regular crystalline insulin is the standard for 
CRI, although recent studies of dogs with diabetic 
ketoacidosis (DKA) demonstrate the usefulness 
of CRI with ultra-short-acting products for this 
indication.15 

The use of intermittent intramuscular insulin 
administration may be an alternative when CRI is 
not possible or practical but, in my experience, this 
approach provides less precise control compared with  
CRI. Further, since the use of IM insulin does not 
preclude the need for frequent monitoring, staffi ng 
is still needed to provide adequate patient care 
regardless of the insulin protocol selected.

Postoperative Patients
Postoperative patients and those recovering from 
illness are transitioned to their routine insulin 
regimen once they can maintain hydration and eat 
normally. Follow-up should include assessment 
of diabetic control with adjustments as needed to 
achieve management goals.

IN SUMMARY
Maintaining glycemic control during anesthesia and 
hospitalization is a challenge when treating diabetic 
dogs and cats. Persistent hyperglycemia can result 
in serious complications, including infl ammation, 
endothelial dysfunction, and neuronal damage. 
Efforts at control of hyperglycemia in hospitalized 
diabetic patients must consider possible effects of 
the hospital environment, concurrent illness, and the 
intrinsic biologic variability of insulin. Strategies for 
managing hyperglycemia in hospitalized diabetics 

range from conservative to more intensive glycemic 
control. Insulin CRI may be a useful option when 
precise control of glycemia is needed, such as during 
an anesthetic procedure or in the intensive care unit.

CRI = constant rate infusion; DKA = diabetic 
ketoacidosis; GIP = gastric inhibitory peptide; 
GLP-1 = glucagon-like peptide 1; I/G = insulin-to-
glucagon; NPH = neutral protamine Hagedorn
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