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ABSTRACT

Objective: To propose a strategy, applicable on
general hospital wards, for prevention of hypoglycemia in
hospitalized patients.

Results: Although the mortality rate among hospital-
ized patients with hypoglycemia has been shown to be
22.2 to 27% in series that included patients with diabetes,
some investigators have shown that hypoglycemia is not
an independent predictor of mortality. Outside the critical
care setting, the comparative risks of hyperglycemia and
hypoglycemia and the relationship of hospital hypo-
glycemia to intensification of glycemic control have not
been determined. The reported incidence of hospital hypo-
glycemia ranges from 1.2% for hospitalized adults to 20%
for nonpregnant patients with diabetes admitted without a
metabolic emergency. Among patients receiving antihy-
perglycemic therapy, the literature describes precipitating
events—usually a sudden change of caloric exposure—
and predisposing conditions for hypoglycemic episodes.

Conclusion: Hospital hypoglycemia is predictable,
and it is preventable by measures other than undertreat-
ment of hyperglycemia. Physician orders for antihyper-
glycemic therapy should be written and, if necessary, be
revised so as to respond to the presence of predisposing
conditions for hypoglycemia. A ward-based protocol or
hospital-wide policy should establish the appropriate
response to triggering events. Within the time frame of
action of previously administered antihyperglycemic
drugs (after abrupt interruption of caloric exposure), the
threshold for preventive intravenous administration of
dextrose is a glucose concentration of 120 mg/dL.
(Endocr Pract. 2004;10[Suppl 2]:89-99)
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DCCT = Diabetes Control and Complications Trial;
DSOW = 50% dextrose in water; NPO = nothing by
mouth; TPN = total parenteral nutrition
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INTRODUCTION

At the time of completion of the Diabetes Control
and Complications Trial (DCCT), Cryer et al (1-3)
observed that, among patients having type 1 diabetes,
iatrogenic hypoglycemia was the principal barrier that
prevented attainment of normoglycemia. In some patients
with both type 1 and type 2 diabetes, episodes of hypo-
glycemia develop during normal ambulatory living condi-
tions, without warning symptoms and without major
deviations from usual meal plans, activities, or insulin
therapy (1-3). Understanding of the pathogenesis of hypo-
glycemia among these ambulatory patients sometimes
requires subtle comprehension of physiologic processes
involving the concept of alteration of the threshold for
neurogenic responses to hypoglycemia, with resultant
defects of counterregulation and hypoglycemia unaware-
ness (4,5).

In contrast, among hospitalized patients, triggering
events for hypoglycemia often are recognizable by layper-
sons and are readily understood to be a direct consequence
of a mismatch between antihyperglycemic therapy and
hospital routine. Patients are at risk, not from hypo-
glycemia unawareness but rather from anesthesia, analge-
sia, illnesses that alter consciousness, medical and surgical
interventions, nothing by mouth (NPO) status, or separa-
tion from familiar resources used at home, resulting in
inability to self-report symptoms or defend against hypo-
glycemia (or both). Prevention of hypoglycemia among
hospitalized inpatients depends on matching antihyper-
glycemic therapy appropriate for the patient’s medical
condition to nutritional intake, coupled with conventional
monitoring of blood glucose concentration and appropri-
ate caregiver responses (6-10). The following discussion
will focus on hypoglycemia—not as a primary disorder or
spontaneous complication of another illness that might
arise in the hospitalized patient but as a complication of
antihyperglycemic therapy (11-43). Rather than focus on
hypoglycemia as an indicator of patient safety or quality
of care (44-58), the purpose of this report is to describe
hypoglycemia as a familiar everyday impediment to the
ability or willingness of caregivers to address a problem
that seems to be a greater threat to patient safety —name-
ly, hyperglycemia (59-83).

ENDOCRINE PRACTICE Vol 10 (Suppl 2) March/April 2004 89



90 Inpatient Diabetes (Braithwaite), Endocr Pract. 2004;10(Suppl 2)

Most likely, the greatest risk in the hospital for pro-
longed, unrecognized hypoglycemia exists on general
wards among patients who are receiving subcutaneous
insulin therapy. An argument will be made that hypo-
glycemia is both predictable in these patients and also pre-
ventable by means other than undertreatment of hyper-
glycemia. Preventive strategies should include the use of
not only physician orders responsive to predisposing con-
ditions but also ward-based protocols or a hospital policy
by which nursing staff may be responsive to triggering
events for hospital hypoglycemia.

HOSPITAL HYPOGLYCEMIA —A MARKER
FOR COMORBIDITY

In four observational reports that are broadly inclu-
sive of hospitalized patients, including patients without
diabetes and admissions on general wards, hypoglycemia
was associated with poor outcomes. In a study of 7,763
hospitalized adults reported by Fischer et al (19), 94
patients had 137 episodes of hypoglycemia, and the hospi-
tal mortality rate was 27% among the patients with hypo-
glycemia. In a study of 5,491 hospital admissions reported
by Stagnaro-Green et al (48), 80 patients had 106 episodes
of hypoglycemia in comparison with 104 patients having
166 episodes of severe hyperglycemia. The mortality rates
were 22.2% and 11.1%, respectively. In a retrospective
case-control study of hospitalized older adults without dia-
betes in whom hypoglycemia developed, Shilo et al (30)
showed higher in-hospital mortality among 60 patients
with hypoglycemia than in 83 control subjects (48% ver-
sus 18.1%, respectively). Hypoglycemia remained a pre-
dictor of mortality even after adjustment for other risk fac-
tors. The preceding three reports indicated that no case
fatality was a direct consequence of hypoglycemia.
Among 5,404 hospitalized elderly patients, Kagansky et al
(43) found 281 patients with hypoglycemia. The mortality
in the hypoglycemic group was 26% in comparison with
14% in the patients without hypoglycemia. In a multivari-
ate analysis, hypoglycemia was not an independent pre-
dictor of mortality. Hospital hypoglycemia was judged by
these investigators (43) to be a marker of poor health with-
out a direct effect on survival.

In epidemiologic studies, hypoglycemia may fail to
emerge as a major determinant of inpatient morbidity or
mortality. In individual cases, however, adverse outcomes
(seizures, alteration of vital signs, permanent neurologic
injury, or death) may be traceable to iatrogenic hypo-
glycemia (11-13,18,20,26-28,31,55).

In hospitalized patients, we found no controlled ran-
domized studies designed to assess the effect of a strategy
of hypoglycemia avoidance on outcomes. Therefore,
although hospital hypoglycemia has been associated with
increased mortality, the causal relationship is unknown.
One tenable hypothesis, supported by the aforementioned
observational study reported by Kagansky et al (43),
would be that hypoglycemia itself may not independently

cause an increase in mortality or morbidity within a hos-
pital population, but rather that other conditions that
increase mortality (such as hyperglycemia necessitating
treatment, sepsis, heart failure, malnutrition, and renal
failure) may contribute to the occurrence of hypo-
glycemia. Another tenable hypothesis would be that hypo-
glycemia is directly responsible for increased morbidity
and mortality. Even in the absence of permanent neuro-
logic effects, conceivably, transient alterations of sensori-
um could lead to injuries or events that ultimately affect
outcomes. A third tenable hypothesis might be that hypo-
glycemia limits the ability or willingness of caregivers to
control hyperglycemia. The adverse effects of hyper-
glycemia are demonstrable from outcome trials conducted
in large populations of hospitalized patients, but in the
case of an individual patient, these harms (being multifac-
torial in origin) can be said, at worst, to result from “acts
of omission” with respect to glycemic management. In
contrast, the adverse results attributable to severe hypo-
glycemia may be directly and uniquely traceable to iatro-
genic causes. Severe hypoglycemia is a treatment-related
complication that is dreaded by physicians and patients
alike.

HOSPITAL HYPOGLYCEMIA —THE PRINCIPAL
BARRIER TO HOSPITAL NORMOGLYCEMIA?

Uncertainty About Comparative Risks and
Benefits on General Wards

In the care of critically ill patients and those who have
undergone cardiac operations, hypoglycemia occurs but is
promptly recognized and treated. In this setting, the bene-
fits that result from prevention of mild hyperglycemia out-
weigh any risk of hypoglycemia (10,63-65,68,69,71-74,
76,77,719-83). Indeed, reports from intensively monitored
hospitalized patients who receive intravenous treatment
with insulin infusion under protocol suggest that hypo-
glycemia is an insignificant problem. In striking contrast,
during intensification of management of diabetes among
ambulatory patients, both the DCCT and the United
Kingdom Prospective Diabetes Study (UKPDS) deter-
mined that hypoglycemia was a clinically important or
even prohibitive problem limiting the attainment of strict
glycemic control and that hypoglycemia itself sometimes
threatened the safety of intensively managed patients
(59,60,62,66). Hypoglycemia associated with intensive
diabetes care resulted in significant costs to a large mid-
western health-care plan (42). In the care of patients on
general hospital wards, no data are currently available
from prospective trials on the comparative risks of adverse
outcomes associated with hypoglycemia and hyper-
glycemia.

The frequency of hospital hypoglycemia cannot be
readily determined. In comparison with intravenous
insulin infusion therapy provided in critical care units,
therapy with orally administered antihyperglycemic drugs
or subcutaneous administration of insulin in general
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hospital areas probably is associated with a greater likeli-
hood of hypoglycemia. When staffing is limited, the like-
lihood that hypoglycemia will be undetected, prolonged,
or severe may also be greater. The reported incidence of
hypoglycemia differs on the basis of the specific hospital
population being studied, ranging from 1.2% for adults
(19) to 1.5% for a general hospital population (48), 5.2%
for elderly patients (43), or 20% for nonpregnant patients
with diabetes on general hospital wards admitted without
a metabolic emergency (58).

One method of ascertaining hypoglycemic episodes is
to monitor the frequency of hypoglycemia in a population
at risk, such as a group of patients with the associated risk
factors of advanced age (25,26), use of high-risk
medications (11,25,26), renal failure (22,33,35,36,41),
malnutrition or requirement for nutritional support (84), or
hospital admission because of a hyperglycemic emergency
(21).

The frequency of hypoglycemia, like any adverse
event, is most likely underestimated by adverse event
reporting. Removal of 50% dextrose from an emergency
supply system without a physician order may be a useful
signal to help quantify the problem of hypoglycemia
(45,46,51,54,56,57). At the university of North Carolina
Hospitals in Chapel Hill, a large University hospital that
had 30,984 patient discharges for the year 2002, the
records in the pharmacy department indicate that purchas-
es of 50% dextrose in water (D50W) for all indications
have been fairly consistent for the past 5 years. In a recent
12-month period (November 1, 2002, to October 30,
2003), the pharmacy department dispensed a total of 2,487
syringes or vials containing 25 g (50 mL) of D50W to
patients, an average of approximately 200 per month
(reviews of medical records have not been conducted to
determine the purpose or to confirm that administration
occurred).

Outside the intensive care setting, the task of relating
the frequency of hypoglycemia to attempts to control
hyperglycemia is not straightforward. Episodes of hypo-
glycemia are not necessarily detected by methods that are
used for study of hyperglycemia, such as retrospective
time-weighting of results, prospective sampling (followed
by averaging), assessment of the distribution of the glu-
cose concentration in each of several ranges, or ascertain-
ment of the proportion of time above a specific glycemic
threshold. In the general hospital ward setting, very few
studies reporting on the frequency of clinical episodes of
hypoglycemia have included any comment on the adequa-
cy of control of hyperglycemia in the same general popu-
lation or the same individual patients, except to record the
frequency of episodes of severe hyperglycemia (47,48,
58.75).

The glycemic target range for critically ill patients has
been discussed throughout this conference (76,80,83).
Appropriate glycemic targets for various hospital popula-
tions outside the critical care unit, and the safety of subcu-

taneous insulin regimens aimed at those targets, have not
been determined.

Fear of Hypoglycemia

Because of the potential for hypoglycemic episodes,
hospitalization is feared by many patients with diabetes
(17,19). It may be for fear of the occurrence of hypo-
glycemia during intensification of therapy that surgical
services and other caregivers sometimes are reluctant to
request an endocrine consultation.

With apparent reference to the risk of hypoglycemia,
the pharmacy, medical informatics, and safety literature
about diabetes identifies insulin as a “high alert” medica-
tion (44,49-52,54,56,57). Although the best quality
improvement programs attempt to quantify both hyper-
glycemia and hypoglycemia (47,48), some such programs
that consider diabetes probably examine mainly hypo-
glycemia.

Out-of-court settlements will likely preclude access to
information about the relative prevalence of malpractice
claims relating to hypoglycemia or hyperglycemia.
Tatrogenic hypoglycemia results from “acts of commis-
sion” (50,85). It has been pointed out that “cases are espe-
cially hard to defend when adverse reactions are allowed
to proceed in an institutionalized patient...” (85).
Knowing that both hyperglycemia and hypoglycemia can
be associated with adverse results, institutions and indi-
vidual practitioners may suspect that liability is ascribed
mainly to the latter.

The foregoing situations collectively exert a chilling
effect upon willingness of staff to intensify antihyper-
glycemic therapy.

PREDICTABILITY OF HOSPITAL
HYPOGLYCEMIA

Predisposing Conditions

Reported series of patients with hypoglycemia occur-
ring initially in the ambulatory or hospital setting disclose
patterns of predisposing conditions and treatments that are
relevant to the hospitalized patient (18,25,26,28,31,40,43).

In the series of 137 inpatient episodes of hospital
hypoglycemia with serum glucose levels of 49 mg/dL or
less reported by Fischer et al (19), the following coexist-
ing conditions were identified: (/) diabetes; (2) insulin
therapy for diabetes, insulin therapy for hyperkalemia, or
total parenteral nutrition (TPN)-associated hyperglycemia;
(3) chronic renal insufficiency; (4) liver disease; (5) neo-
plasms; (6) burns; (7) infections; (8) shock; (9) pregnancy;
and (/0) alimentary disease. Of the 46 patients with chron-
ic renal failure, 20 also had diabetes mellitus. In 90% of
cases, insulin treatment had been used. Among the sub-
group of patients treated with antihyperglycemic medica-
tion, inappropriate adjustment of the insulin dose was the
proximate cause of 39% of episodes of hospital hypo-
glycemia. The inappropriate adjustments included treat-
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ment of ketoacidosis or hyperosmolar coma, attempts at
tighter metabolic control, “sliding-scale” treatment with
use of doses too high for renal insufficiency, reduced
requirement during resolution of infection, and failure to
decrease the dose of insulin after one hypoglycemic
episode. In a series of 106 episodes of hospital hypo-
glycemia that occurred among 80 patients described by
Stagnaro-Green et al (48), risk factors for hypoglycemia
included infection, sepsis, cancer, renal insufficiency,
liver disease, neonatal status, and corticosteroids. Only 17
patients had diabetes, and the relationship to antihyper-
glycemic drug therapy was not determined. Inadequate
oral intake was identified in 68% of the survivors and in
88% of the nonsurvivors. Among patients without dia-
betes, Shilo et al (30) identified hypoalbuminemia (serum
albumin level less than 3 g/dL), liver disease, renal insuf-
ficiency, malignant condition, congestive heart failure,
and sepsis as predictors of hypoglycemia. Kagansky et al
(43) found that 70 of 281 patients with hospital hypo-
glycemia were taking insulin or sulfonylureas.
Furthermore, they found that the concomitants of hypo-
glycemia included female sex, sepsis, malignant lesions,
stroke, diabetes, treatment with insulin or a secretagogue,
dementia, hypoalbuminemia, high serum creatinine con-
centration, and high serum alkaline phosphatase level.

Conversely, specific treatments or medical conditions
have been examined for their relationship to hypo-
glycemia. Among patients treated with sulfonylureas, the
highest rate of serious hypoglycemia has occurred among
users of glyburide (25,34). Consequently, our health sys-
tem (University of North Carolina Hospitals) has removed
this drug from its formulary. Renal failure, peritoneal
dialysis, hemodialysis, the coexistent presence of sepsis,
and the use of antihyperglycemic agents and other drugs
(for example, aspirin, -adrenergic blocking agents, and
propoxyphene) in the treatment of patients with renal fail-
ure have been linked to hypoglycemia (14,16,22,33,35-
39.41). Conversions between intravenous therapy or NPO
status and a transitional meal plan can impose a risk of
hypoglycemia, especially among patients with uncertain
oral intake. The risk of hypoglycemia at the time of termi-
nation of TPN perhaps has been overestimated; neverthe-
less, insulin therapy for hyperglycemia during enteral and
parenteral nutrition creates the need for special prescribing
precautions because of the possibility of sudden discontin-
uation of feedings (84,86-94).

Elderly patients are at special risk of hypoglycemia
(25,26 41). Recovery from a metabolic emergency some-
times is complicated by hypoglycemia (21). Other condi-
tions include those that predispose to hypoglycemia in the
nonhospitalized patient with diabetes—such as alco-
holism, hypoglycemia unawareness, tapering of glucocor-
ticoid dose, polypharmacy or drug interactions, the use of
certain drugs (23,34,53), adrenal or pituitary insufficiency,
and pregnancy. A higher risk situation is created if, for any
reason, the ability of the patient to self-report symptoms of
hypoglycemia is altered.

Table 1
Predisposing Conditions and
Triggering Events for Occurrence of
Hospital Hypoglycemia
During Antihyperglycemic Therapy

Predisposing conditions

Renal insufficiency

Malnutrition

Liver disease

Sepsis

Shock

Pregnancy

Malignant lesion

Hyperkalemia

Total parenteral nutrition

Burns

Alimentary disease

Dementia

Congestive heart failure

Stroke

Alteration of ability of patient to self-report
Ssymptoms

Hypoglycemia unawareness or defective
counterregulation

Old age

Recovery from metabolic emergency

Alcoholism

Concomitant drug interactions or polypharmacy

Tapering of glucocorticoid dose

Adrenal or pituitary insufficiency

Triggering events
Transportation off ward, causing meal delay
New “nothing by mouth” status
Interruption of intravenous dextrose therapy
Interruption of total parenteral nutrition
Interruption of enteral feedings

Interruption of continuous venovenous
hemodialysis

Recognizing predisposing conditions that increase
patient risk for iatrogenic hypoglycemia and making an
appropriate therapeutic response are the responsibility of
the primary physician or endocrinologist (Table 1).

Triggering Events
The only major study to undertake a direct assessment
of proximate causes of hypoglycemia, as distinguished
from predisposing risk factors, was the series reported by
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Fischer et al (19). Among the patients with diabetes in that
series, hypoglycemia frequently was attributable to
decreased caloric intake related to illness or hospital rou-
tine. During treatment with insulin or orally administered
agents, decreased intake of calories was the largest single
proximate cause category, accounting for 45% of episodes
of hypoglycemia. The causes included nausea, vomiting,
anorexia, lethargy, NPO status for diagnostic tests or sur-
gical procedures, interruption of enteral feedings for mea-
surement of the residual, or nondelivery of meals (19). Of
note, the possibility of hypoglycemia associated with each
of these types of events might readily be addressed
preventively by provision of calories in an alternative
manner.

A current list of triggering events for hospital hypo-
glycemia resulting from decreased caloric exposure is
shown in Table 1. The frontline observer of such trigger-
ing events often is the nurse.

PREVENTABILITY OF HOSPITAL
HYPOGLYCEMIA

“Keeping patients a little sweet” is a precept that has
been passed down in surgical training programs for
decades as a preventive measure against hypoglycemia.
Lacking results of research trials that would provide a risk-
to-benefit analysis about tight glycemic control on gener-
al hospital wards, endocrinologists at least can emphasize
that hypoglycemia in the hospital is preventable by
measures other than undertreatment of hyperglycemia.

Monitoring

Currently available methods for hospital monitoring
of glycemic control include laboratory determinations of
glucose concentration in venous or arterial blood or point-
of-care testing of venous, capillary, or arterial blood.
Methods for continuous glucose monitoring have been
developed (experimentally and in ambulatory care) that
might eventually be applicable to the clinical care of
hospitalized patients, especially those with altered con-
sciousness (15,79,95).

Treatment

Articles from the nursing literature overwhelmingly
discuss a reactive treatment strategy, not a proactive pre-
ventive strategy, for hypoglycemia (96-104). Similarly,
other medical literature focuses on reactive treatment
(29.92). Because hypoglycemia may cause seizures, alter-
ation of vital signs, permanent neurologic injury, or even
death, prompt treatment of incipient hypoglycemia is of
critical importance. If the patient is conscious and able to
eat, ingestion of 15 g of carbohydrate is less likely to result
in overshoot hyperglycemia than the alternative therapy,
25 to 50 mL of 50% dextrose administered intravenously.
Treatment is followed by retesting of the blood glucose
level within approximately 15 to 20 minutes. For patients
who are unconscious or who are in NPO status and lack

intravenous access, initial treatment may consist of
glucagon, 1 mg intramuscularly, with appropriate follow-
up testing and administration of carbohydrate. Institutional
protocols may differ in detail. The principles are well
known and are not the subject of the current discussion
(92).

Hypoglycemia treatment orders from the physician,
as well as nursing and hospital hypoglycemia treatment
protocols, usually provide for administration of glucose at
a threshold glucose level of 70 to 80 mg/dL.

Preventive Strategies

Patient self-management of diabetes in the hospital
should be facilitated when appropriate. Staff understand-
ing of new treatment modalities and the actions of new
antihyperglycemic agents should be ensured through in-
service training.

Orally administered antihyperglycemic agents should
be prescribed with caution and with observance of chang-
ing organ function, potential drug interactions, and con-
traindications that might arise in the hospital. At the time
of dismissal from the hospital, orally administered agents
are associated with continued risk for hypoglycemia.
Among patients 65 years of age or older who have a first
episode of serious hypoglycemia during insulin or sul-
fonylurea use, Shorr et al (26) identified recent dismissal
from the hospital as the major predictive factor for subse-
quent hypoglycemic episodes.

Caregivers, fearing hypoglycemia, may hope to pre-
vent hypoglycemic episodes by substituting sliding-scale
management for anticipatory insulin therapy. Standardiza-
tion of such correction-dose algorithms may reduce the
variability of physician practice, but an institutional strat-
egy of issuing a standardized algorithm encourages the use
of correction doses as monotherapy (sliding scale). This
strategy will be ineffective or even harmful if used alone,
without concomitant institutional encouragement of the
use of a comprehensive, anticipatory treatment plan for
hyperglycemia (88,105-107). The preferred approach
would be to use measures for prevention of hypoglycemia
that do not promote hyperglycemia (105-111).

As discussed in other sections of this conference,
physicians should embed protections against hypo-
glycemia in their orders for scheduled insulin therapy.
These protections might include the following: (/) appro-
priate selection of patients for use of intravenous insulin
infusions (88); (2) provision of insulin intravenously or in
the TPN bag to cover some or all of the requirements for
insulin created by use of TPN (90); (3) inclusion of a
short-acting insulin or a rapid-acting analogue to cover
nutritional needs as part of a program of scheduled subcu-
taneous administration of insulin; (4) for patients with
glycemic instability or patients in transition to a normal
meal plan, the use of “hold” criteria for the short-acting
insulin or rapid-acting analogue component of scheduled
insulin therapy; (5) reliance on a structured program for
enteral feedings or an individualized algorithm of graduat-
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ed insulin doses that depend on tube feed rate (91,93); (6)
avoidance of long-acting insulin for coverage of nutrition-
al requirements (enteral feedings or intravenously admin-
istered dextrose); (7) restriction of the amount of peakless
long-acting insulin to the estimated basal requirements of
the patient; and (8) prescribing of a consistent carbohy-
drate diet, with matching of oral intake to the premeal dose
of rapid-acting insulin analogue. For patients with transi-
tional meal plans who have not yet advanced to a normal
diet, or whose oral intake is not ensured, assessment of
actual intake by a nutritionist is recommended. The plan
for scheduled insulin treatment for hospitalized patients
should be revised daily or twice daily on the basis of the
clinical condition and the response to previous therapy.

Physicians need to react to predisposing conditions
that create risk for hypoglycemia. While maintaining
needed scheduled antihyperglycemic therapy, in the pres-
ence of predisposing conditions, physicians should order
increased frequency of monitoring of blood glucose levels
in an attempt to detect downward trending of glucose val-
ues that might be evident over a period of hours or sever-
al days. If the physician normally uses a specific threshold
for withholding scheduled rapid-acting or regular insulin,
the threshold for the withholding order should be
increased during downward trending of glucose values. In
response to a downward trend of blood glucose levels,
doses of scheduled antihyperglycemic therapy should be
reduced.

The nursing staff should be empowered under hospi-
tal policy or ward-based protocol, with minimal physician
oversight, to respond with appropriate preventive actions
after the occurrence of potential triggering events for
hypoglycemia. Such triggering events usually involve
abrupt interruption of caloric exposure. The aim of pre-
ventive actions is to maintain the blood glucose level in a
target range of about 90 to 130 mg/dL.

Among patients who already have received orders for
antihyperglycemic therapy, the protocol or policy might
(1) define triggering events for hypoglycemia; (2) require
interruption of antihyperglycemic therapy after a trigger-
ing event for hypoglycemia has occurred, until further
physician orders are received (except for basal insulin for
type 1 diabetes and correction doses of insulin for hyper-
glycemia); (3) require frequent blood glucose monitoring
for the duration of action of previously administered anti-
hyperglycemic drugs; and (4) provide for intravenous
administration of dextrose during the time frame of action
of previously administered antihyperglycemic drugs,
before hypoglycemia actually occurs, at a threshold glu-
cose level of 120 mg/dL.

A Multidisciplinary Approach to Prevention

The principal medical barrier to the prevention of
hypoglycemia in the presence of triggering events is the
need to define and maintain basal insulin therapy among
patients having type 1 diabetes. A minor medical barrier is
the need to establish strategies for dextrose replacement

that will meet variable patient volume restrictions, without
producing overshoot hyperglycemia, and (in cases of
transport of the patient off the assigned floor) provide a
safety net for several hours. In most patients with glucose
levels in the target range who are unable to eat, the
prevention of hypoglycemia at the time of a triggering
event will involve intravenous administration of dextrose
(given as bolus therapy of concentrated dextrose or dex-
trose infusion) to maintain the target glucose range
(90,91).

The principal administrative barrier to implementa-
tion of policies is the hospital-wide scope of the need for
prevention of hypoglycemia, affecting many different
types of patients, providers, and nursing units. Thus, a
need exists for ward-based protocols and a hospital-wide
policy. A multidisciplinary group should address medical
and administrative barriers to implementation of a ward or
hospital hypoglycemia prevention policy or protocol,
including the following: (/) identification of patients as
possibly having type 1 diabetes; (2) advance determina-
tion and recording of alternative basal insulin therapy for
patients with type 1 diabetes; (3) determination of the time
frame within which elements of the policy take effect,
after occurrence of a triggering event (including initiation
of alternative basal insulin therapy in relationship to pre-
viously scheduled insulin treatment); (4) calculation of the
duration of action of previously administered antihyper-
glycemic therapy by the floor nurse in consultation with
pharmacy; (5) determination of appropriate preventive
dextrose therapy; (6) variation in physician practice pat-
terns and existing ward-based or service-based protocols;
(7) balancing physician adherence to protocol with physi-
cian autonomy and authority to override protocol; and (8)
assessment of the comfort level of professional and
administrative staff. The utility of a having a quality
improvement team to answer and respond to concerns
such as those in the foregoing itemization has been
demonstrated in related contexts (47,75,110,112). Ideas
that might be a springboard for discussion are shown in
Appendices 1 and 2.

If the admitting physician or endocrine consultant
indicates that a patient might have type 1 diabetes and
records an alternative plan for basal insulin for the contin-
gency of altered nutritional intake, this advance informa-
tion will be helpful to cross-covering physicians, whose
first impulse might otherwise be to cancel all scheduled
antihyperglycemic therapy. Although paging systems
within teaching hospitals probably are associated with rel-
atively prompt house staff responses to calls (113), indi-
rect paging systems in which a nurse or hospital operator
is required to contact a physician’s office or a private
answering service, who then independently will contact
the physician, are associated with slower responses than
direct paging systems. In a study of two university-affili-
ated hospitals, 25% of pages originating from the intensive
care unit that were placed through an indirect system were
associated with a response time of 29 minutes or more
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(114)—a delay that would be intolerable if a nurse recog-
nized triggering events and foresaw an episode of hypo-
glycemia that might be prevented by timely action. It is
appropriate for protection of nursing staff that their actions
taken on an emergency basis on behalf of a patient should
be covered under policy.

Using a ward-based protocol or hospital-based policy
to prevent hypoglycemia is likely to improve upon even
the best proactive efforts of individual physicians.
Variations in physician practice patterns are likely to
reduce quality, whereas standardization to excellence
under policy is likely to ensure quality (115-118). In fact,
at many hospitals and on many wards, at least some of the
aforementioned components of a protocol for prevention
of hypoglycemia already are the standard of practice.

CONCLUSION

Hospital hypoglycemia is a marker for comorbidities
and can result in morbidity or mortality. The comparative
risks of hypoglycemia and mild hyperglycemia on general
hospital wards still need to be determined. Fear of hospi-
tal hypoglycemia is a barrier to prevention or correction of
hyperglycemia. Many episodes of hypoglycemia in the
hospital are predictable and preventable. Physician orders
should include an appropriate response when the risk for
hypoglycemia is increased by predisposing conditions.
Ward-based protocols or hospital-wide policies should be
developed that establish a response to triggering events.
These triggering events usually involve a sudden change
of caloric exposure among patients receiving antihyper-
glycemic therapy. The response to triggering events
should include maintenance of basal insulin therapy for
patients who may have type 1 diabetes and maintenance of
correction doses of insulin for hyperglycemia, but other-
wise interruption of antihyperglycemic therapy until fur-
ther physician orders are received. In addition, for patients
who are not eating during the time frame of action of pre-
viously administered antihyperglycemic drugs, the policy
or protocol should require preventive intravenous admin-
istration of dextrose at a threshold glucose level in the
mid- to high-target range, about 120 mg/dL.
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Suggested Elements of a Nurse-Implemented Hypoglycemia Prevention Protocol

e Triggering events for hospital hypoglycemia are listed.

* Physicians ordering insulin are asked to identify a patient as possibly having type 1 diabetes.

* At the time insulin is ordered for patients with possible type 1 diabetes, an automatic query is generated that prompts
the physician to select an alternative plan for subcutaneous basal insulin therapy, to be used in case a triggering event
for hypoglycemia occurs.

e A provision exists under policy for nursing actions to be taken, if any of the listed triggering events for hypoglycemia
should occur, to prevent glucose level from declining below 120 mg/dL:

AW N =

|91

hyperglycemic drug.

cose levels <120 mg/dL.

Withhold scheduled antihyperglycemic drug(s) until further orders are received.

Substitute and administer the identified alternative basal insulin for type 1 diabetes.
Continue correction doses of insulin for hyperglycemia.
Obtain point-of-care blood glucose level every 2 hours for duration of action of the previously administered anti-

Obtain needed assistance to restart intravenous line, if necessary.
Give 15 to 30 g of carbohydrate orally or, as will usually be required, 50 mL of 50% dextrose in water for glu-

For patients to be transported off ward, deliver 5% dextrose-containing fluids or, if patient is volume-restricted,

10% dextrose-containing fluids, for the time frame of action of previously administered antihyperglycemic

therapy.

Notify physician and provide opportunity for physician override of policy.
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APPENDIX 2
Sample Insulin Orders With Use of a Hypoglycemia Prevention Protocol
* Admit patient to General Ward 4.
e Maintain consistent dietary carbohydrate, 60 g at meals and 30 g at bedtime.
e Determine capillary blood glucose level 4 times daily.
e Insulin 70/30: Administer 20 U before breakfast and 10 U before supper daily.

e Correction-dose algorithm with insulin lispro
1. (Query: Possible type 1 diabetes?)

e Answer: yes
2. (Query and prompts for response: Alternative basal insulin order?)
Enter total daily insulin dose during normal dietary intake, if known:
()30 U

Pharmacy computer proposes alternative basal orders (physician chooses among 3 regimens, each delivering 40% of
total daily insulin dose over 24 hours, or free text entry; the number of units is soft-coded and is calculated for each
patient):

O Regular insulin 3 U subcutaneously every 6 hours or
O Insulin NPH 6 U every 12 hours or
O Insulin glargine 12 U daily or

[ (Free text)
If total daily insulin dose during normal dietary intake is unknown, enter weight in kilograms:
(b)y __ 60 kg

Pharmacy computer proposes alternative basal orders (physician chooses among 3 regimens, each delivering 0.2 U/kg
over 24 hours, or free text entry):

O Regular insulin 3 U subcutaneously every 6 hours or
O Insulin NPH 6 U every 12 hours or
O Insulin glargine 12 U daily or

[ (Free text)

The patient’s medication administration record is tagged with the alternative basal insulin orders until cancellation or
ward transfer occurs. Instructions for nurse preventive management of hypoglycemia and use of alternative basal orders
print/appear on medication administration record for nurse to carry out should such situations arise.



