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OBJECTIVE: To determine the incidence and manifestations of hypoglycemia in
hospitalized patients receiving antihyperglycemic therapy.

RESEARCH DESIGN AND METHODS: The study was a 3-month prospective review of
consecutive medical records of all adult, nonpregnant hospitalized patients at a
675-bed university hospital who experienced at least 1 blood glucose (BG) = 60
mg/dL within 48 hours of receiving an antihyperglycemic agent.

MEASUREMENTS AND RESULTS: Of 2174 patients receiving antihyperglycemic
agents, 206 (9.5%) experienced 484 hypoglycemic episodes. Of these episodes, 29%
occurred in patients with type 1 diabetes, 23% in the ICU, and 72% in patients
receiving only insulin for hyperglycemia. More than 1 episode was experienced by
44% of the 206 patients. Furthermore, 4% (20 of 484) of the hypoglycemic episodes
were associated with a hypoglycemia-related adverse event, defined as symptoms,
signs, or injury. The mean BG of these episodes was 43.0 mg/dL, significantly lower
than the mean BG of 50.9 mg/dL for the 464 episodes without adverse events (P
= .01). One-third of the adverse events occurred with a BG between 50 and 60
mg/dL; half the adverse events, 10 episodes or 2% of all hypoglycemic episodes,
were serious, involving seizures or an unresponsive patient. A decrease in enteral
intake accounted for 40% of the episodes; none was attributed to medication error.
Less than half the hypoglycemic patients had documented euglycemia within 2
hours. Sulfonylurea agents were associated with higher rates of hypoglycemia than
were other oral agents.

CONCLUSIONS: Hypoglycemia in hospitalized patients taking antihyperglycemic
agents is common,; 1 in 25 episodes is associated with an adverse event. Opportunities
exist to improve care, particularly around discontinuation of feeding. Journal of
Hospital Medicine 2007;2:234-240. © 2007 Society of Hospital Medicine.

KEYWORDS: hypoglycemia, adverse event, patient safety, anti-hyperglycemic
agents, insulin, sulfonylureas, drug safety, quality improvement.

lycemic control in the inpatient setting has received increasing

attention in recent years, with the demonstration that appro-
priate blood glucose (BG) control prevents adverse events in both
intensive care unit (ICU) and non-ICU settings.1 Recent recom-
mendations set target blood glucose levels near euglycemia for
most hospitalized patients.’ Unfortunately, the risk of hypoglyce-
mia increases with tighter glycemic control,> and hypoglycemia
may result in catastrophic events.> Although hyperglycemia is
associated with postoperative infection,® and effective manage-
ment decreases wound infections,’ few reports have detailed the
hypoglycemia rates among surgical patients.® Hypoglycemia rates
on medical services are as high as 28%,>'° and efforts to achieve
more normal BG levels in hospitalized patients have been associ-
ated with more hypoglycemia.'!
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We undertook a study of hypoglycemia in all
adult hospitalized patients receiving hypoglycemic
therapy at our institution. The purpose of this study
was to determine the incidence, natural history,
associations, and consequences of hypoglycemia in
this broad inpatient population in order to have a
baseline prior to introducing any formal hospital
strategies to achieve the newer targets for glycemic
control.

Research Design and Methods

Thomas Jefferson University Hospital (TJUH) is a
675-bed acute care teaching institution in center-
city Philadelphia with more than 30,000 patient
admissions each year. We undertook a prospective,
consecutive medical record review from August 16,
2004, to November 15, 2004, of hospitalized pa-
tients who had experienced at least 1 hypoglycemic
episode, defined as at least one blood glucose (BG)
= 60 mg/dL within 48 hours of administration of an
antihyperglycemic agent in the hospital. The defi-
nition of hypoglycemia was consistent with our
hospital policies and a compromise between the BG
= 70 mg/dL proposed by the American Diabetes
Association (ADA) hypoglycemia workgroup'? and
the BG = 40 mg/dL used by authors studying gly-
cemic control in the ICU.">*

Hypoglycemic episodes were identified by a
daily electronic search of the online medication
administration record (MAR) where nurses docu-
ment all point-of-care (POC) BG values. Two of the
authors (P.V. and V.G.) reviewed the medical record
for each episode and excluded pediatric (<18
years), emergency department, and maternity pa-
tients. Intensive care, step-down, and medical/sur-
gical unit patients were all included if the hypogly-
cemia had occurred within 48 hours of hospital
administration of an antihyperglycemic agent. All
medication orders at TJUH are placed through the
computerized prescriber order entry (CPOE) sys-
tem (Centricity Enterprise®), which links all antihy-
perglycemic agents to a standardized hypoglycemia
treatment protocol. The protocol includes instruc-
tions to administer glucose and/or glucagon and
check the BG 15 minutes after a hypoglycemic ep-
isode. We established operational definitions prior
to chart review (Appendix). A symptomatic hypo-
glycemia-related adverse event was defined as any
documented event occurring at the time of the hy-
poglycemic episode involving symptoms, change in
care, temporary or permanent injury, or increased
length of hospitalization. We did not include fol-

lowing our hypoglycemic protocol with the admin-
istration of 50% dextrose or glucagon as a change of
care, as we considered this usual care, unless symp-
toms or signs also accompanied the hypoglycemic
event.

We searched the University Health System Con-
sortium Clinical Database (CDB) to quantify the
number of patients at TJUH receiving any antihy-
perglycemic agent during the study period and to
identify the specific agents received. The CDB re-
ceives all patient, physician, and pharmacy dose-
specific information from the hospital clinical and
billing information systems. We defined subgroups
of patients taking insulin(s) only, taking oral
agent(s) only, and taking a combination.

Differences between proportions were evalu-
ated using the chi-square statistic; differences be-
tween means were evaluated using the Student ¢
test. Probabilities of the null hypothesis less than
.05 were considered significant.

The project was approved by the Institutional
Review Board for Human Subjects at Thomas Jef-
ferson University.

RESULTS

Over the 2-month study period 8140 patients were
admitted, of whom 2174 (27%) received an antihy-
perglycemic agent. Five hundred and sixty-eight
hypoglycemic episodes (BG = 60 mg/dL) occurred
in 265 patients. We excluded 84 episodes among 59
patients who did not receive antihyperglycemic
agents, resulting in 484 episodes of hypoglycemia
occurring within 48 hours of hospital administra-
tion of an antihyperglycemic agent in 206 patients,
an average of 5.26 episodes per day. Of the 2174 of
patients receiving antihyperglycemic agents, 206
(9.5%) experienced 1 or more episodes of hypogly-
cemia.

Patient ages ranged from 20 to 93 years, with an
average of 62 years. Fifty-seven percent (118 of 206)
of participants were female. About one-fourth of all
episodes (23.8%) occurred in the ICU setting. The
distribution of patients by decade and their ICU
status are presented in Figure 1. Of the 206 patients,
29% (59) had type 1 diabetes mellitus (DM), 49%
(102) had type 2 DM, 1% (2) had new-onset diabe-
tes, and 21% (43) had no diagnosis of DM. Of the
484 hypoglycemic episodes, 37.8% occurred in pa-
tients with type 1 DM, 46.9% in patients with type 2
DM, and 0.6% in patients with new-onset DM. The
remaining 14.5% occurred in patients with no doc-
umented history of DM, although they were receiv-
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FIGURE 1. Distribution of patients with hypoglycemic episodes by age and
hospital setting. Fifty-one patients in the ICU and 165 patients in non-ICU
settings had at least 1 BG = 60 mg/dL. The total exceeds the total number of
patients because 10 patients had episodes in both ICU and non-ICU settings.
The age distributions in the ICU and non-ICU settings were not significantly
different.

ing antihyperglycemic agents. More than 1 episode
was experienced by 44% of patients, and 12% expe-
rienced 5 or more episodes.

The BG was between 51 and 60 mg/dL in 282 of
the episodes (58.2%), between 41 and 50 mg/dL in
149 episodes (30.8%) and 40 mg/dL or less in 53
episodes (11%). In 20 episodes (4.1% of episodes,
representing fewer than 1% of all patients receiving
an antihyperglycemic agent), a symptomatic hypo-
glycemia-related adverse event was documented.
All but 1 adverse event occurred outside the ICU.
Ten of these events (2.1% of all hypoglycemic epi-
sodes) in 10 patients involved symptoms including
headache, agitation, disorientation, and tremors. Of
these patients 9 had type 1 DM, and 1 had type 2
DM. Six events (1.2% of hypoglycemic episodes) in
4 patients involved seizures. Two of these patients
had type 1 DM, and 2 had type 2 DM. Four events
(0.8% of hypoglycemic episodes) in 4 patients in-
volved an unresponsive or unarousable state, in-
cluding the sole ICU episode of symptomatic hypo-
glycemia. Three of these patients had type 1 DM,
and 1 had type 2 DM. Patients with hypoglycemia-
related adverse events had a mean BG of 43.0 mg/
dL, significantly lower (P = .01) than the mean BG
of 50.9 mg/dL for hypoglycemic episodes without
such events. However, 35% of these events oc-
curred with a measured BG between 50 and 60
mg/dL. The distributions of BG values associated
with symptomatic and asymptomatic events are
shown in Figure 2. There is no useful threshold that
separates symptomatic from asymptomatic hypo-
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FIGURE 2. Blood glucose distributions in symptomatic and asymptomatic
hypoglycemia. The black columns indicate the percentage of the 20 hypogly-
cemic adverse events with a blood glucose in the range noted on the x axis.
For example, 15% of all hypoglycemic-related adverse events (ie, symptomatic
events) occurred with blood glucoses between 56 and 60 mg/dL. The gray
columns indicate the percentage of the 464 asymptomatic hypoglycemic
episodes in the range noted on the x axis. For example, 35% of all asymp-
tomatic hypoglycemic episodes occurred with blood glucoses between 56 and
60 mg/dL. The sum of the black columns is 100%, indicating all symptomatic
adverse events, as is the sum of the gray columns, indicating all asymptomatic
hypoglycemic events.

TABLE 1
Hypoglycemic Episodes Related to Enteral Intake

N (%)
NPO for unknown reason 30 (6.2)
NPO for procedure/intubated 29 (6)
NPO for other documented reason (ie, fever/sepsis) 10 (2.1)
Decreased PO intake (includes missed meal) 126 (26)
No change in PO intake 289 (59.7)

This table describes enteral intake of all 484 hypoglycemic episodes, broken down by number in each
category and percentage of total number of episodes

glycemia. No deaths or irreversible consequences
were associated with hypoglycemia.

Approximately 40% (195 of 484) of the hypogly-
cemic episodes were related to decreased enteral
intake (Table 1). In addition, 6.1% (30 of 484) of
hypoglycemic episodes were related to insulin ad-
justment and 0.4% (2 of 484) to steroid withdrawal.
In 43% (209 of 484) of the episodes the cause of the
hypoglycemia was unclear. The remaining 10.4% of
episodes were attributed to diverse causes.

One third of patients had a documented BG
rechecked within 60 minutes, and fewer than half of
the hypoglycemic patients had documented eugly-
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TABLE 2

Antihyperglycemic Medications Received in 48 Hours Prior to Hypoglycemic Event

Insulin
Alone
Single Glimepiride
Oral Glipizide
Agent Glyburide
Metformin
Repaglinide
Two Glimepiride AND Metformin
Oral Glimepiride AND Rosiglitazone
Agents Glimepiride AND Pioglitazone
Glipizide AND Pioglitazone
Glipizide AND Metformin
Glyburide AND Metformin
Metformin AND Rosiglitazone
Rosiglitazone AND Repaglinide
Three Glipizide AND Metformin
Oral Glyburide AND Metformin
Agents Pioglitazone AND Nateglinide
TOTAL

149
Without insulin With insulin
1 4
2 11
2 7
5
2
1
1
1
1
4
5
3 1
1 1
AND Rosiglitazone 1
AND Pioglitazone 1
AND Repaglinide 1
206

This shows the antihyperglycemic medications that the 206 patients received in the 48 hours prior to the hypoglycemic episode. Some patients had more than one episode, and although doses were adjusted, in

no cases were antihyperglycemic medications added or deleted.

cemia within 2 hours of their low blood glucose
measurement. The average time to documented
resolution of a hypoglycemic episode was 4 hours, 3
minutes, with a median of 2 hours, 25 minutes.

Table 2 delineates the various combinations of
antihyperglycemic agents that the 206 patients re-
ceived in the 48 hours prior to a hypoglycemic
episode. Of the 484 hypoglycemic episodes, 362
involved insulin. Of patients receiving insulin, 38 of
362 of episodes of hypoglycemia occurred in pa-
tients receiving sliding-scale insulin (SSI) dosing as
the only insulin order. In 163 hypoglycemic epi-
sodes, insulin was dosed with a combination of SSI
and infusion or SSI with daily long-acting insulin.
The remaining 161 episodes involved administra-
tion of insulin to patients without an accompanying
sliding-scale order.

The prevalence of hypoglycemia did not signif-
icantly differ among patients treated with oral
agents alone (9 of 85, 10.6%), patients treated with
insulin alone (149 of 1497, 10%), and patients
treated with both (47 of 592, 7.9%). However, there
was a significant relationship between specific oral
agent and probability of hypoglycemia. Glyburide
was associated with a higher risk of hypoglycemia
(19.1%, P < .01) than were other oral agents
(Table 3).

TABLE 3
Hypoglycemia Incidence Associated with Oral Agents
(with or without Insulin)

Oral agent Patients with hypoglycemia P value
Sulfonylureas

Glimepiride 13.6% (8/59)

Glipizide 10.0% (19/190)

Glyburide 19.1% (18/94) <.01
Biguanide 6.4% (22/344)

Metformin <.05
Thiazolidinediones

Pioglitazone 5.1% (4/78)

Rosiglitazone 6.4% (6/94)
Meglitinides

Nateglinide 7.1% (1/14)

Repaglinide 7.0% (4/57)

Numerator is the number of patients who had at least 1 blood glucose < 60 mg/dL and received this
agent in the 48 hours prior to the event. Denominator is the total number of hospitalized patients who
received the agent any time during the study period. Chi-square test for independence yielded a Pvalue
of .0074, demonstrating that the proportion of patients who developed hypoglycemia was not inde-
pendent of the specific agent. In comparing individual agents versus all agents in 2 X 2 contingency
tables, glyburide appeared to be associated with a higher incidence (19.1%, P <.01) and metformin with
a lower incidence (6.4%, P < .05) of hypoglycemia than all other agents in aggregate.

DISCUSSION

Recently, many have called for substantive changes
in the management of the hospitalized diabetic.'>'®
Most have recommended replacing sliding-scale
insulin with basal bolus insulin dosing and have
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challenged the historic tolerance of hyperglycemia
during an acute hospital stay.'” However, as hospi-
tals and physicians transform the management of
inpatient hyperglycemia, they must assess the fre-
quency of hypoglycemia and evaluate the risk/ben-
efit ratio of strict glycemic control.'® Thus, one
study found that eliminating sliding-scale insulin
markedly improved diabetes control but hypogly-
cemia (BG = 60 mg/dL) was more frequent.'® The
cost of euglycemia is hypoglycemia.?

We report a 9.5% rate of hypoglycemia among
adult hospitalized patients being treated for hyper-
glycemia, including those in the ICU and those in
non-ICU settings. In widely publicized landmark
trials, 5.2% of intensively treated surgical ICU pa-
tients'* and 18.7% of intensively treated medical
ICU patients'® experienced hypoglycemia with no
adverse events. Using those studies’ definition of
hypoglycemia (BG = 40 mg/dL), only 2.4% (53 of
2174) of our patients experienced hypoglycemia.
However, our survey included general medical and
surgical patients as well as ICU patients treated at
their physicians’ discretion, reflecting the greater
variability in care that exists outside a randomized,
ICU trial.

We did not anticipate the duration to docu-
mented resolution of hypoglycemic episodes, nor
did we anticipate the number of hypoglycemia-
related adverse events. We believe that hospitals
will need to develop formal strategies to minimize
the hypoglycemic risk from tight glycemic control.
The frequency and duration of the time it took to
recheck the glucose, coupled with the 4.1% symp-
tomatic event rate, suggests that inpatient hypogly-
cemia deserves more attention. One potential focus
is the interruption of nutrition, as medications may
not be readjusted when patients’ oral intake de-
clines or when they travel for tests.'®

More than 40% of our hypoglycemic patients
experienced recurrent episodes. This may reflect a
lack of adjustment of medications following hypo-
glycemia. However, recurrent hypoglycemia may
also be explained by hypoglycemia-associated au-
tonomic failure and the desensitization to hypogly-
cemia that occurs once a patient has lower blood
glucose.? Thus, hypoglycemic patients are at high
risk of repeat episodes and often require more fre-
quent BG monitoring. Of note, patients with hypo-
glycemia unawareness may not have symptoms de-
spite low BG, and thus unless they develop signs of
hypoglycemia, they would not meet criteria for an
adverse event in our study, despite a very low BG.

Medical error can precipitate hypoglycemia,**°

and the Institute for Safe Medication Practices*!
and the Joint Commission on Accreditation of
Healthcare Organizations®* consider insulin a high-
risk medication. We found no hypoglycemic epi-
sodes associated with a medication error. Our
CPOE system eliminates ambiguity from poor pen-
manship, and hospital policy requires 2 nurses to
check all administered insulin. However, despite
the apparent lack of dispensing/administration
medication errors, nearly 10% of patients receiving
hypoglycemic therapy experienced iatrogenic hy-
poglycemia. Thus, strategies to reduce hypoglyce-
mia must expand beyond the prevention of medi-
cation errors.

Contrary to our expectation, we found the prev-
alence of hypoglycemia was at least as high, if not
higher, for patients taking only oral hypoglycemics
than for patients taking either insulin alone or in-
sulin in combination with oral antihyperglycemic
agents. Glyburide appeared to carry the most risk
both in our population and in previous studies,***3
perhaps because of a moderately active hepatic me-
tabolite.?® The risk of hypoglycemia with different
oral agents warrants further study.

The study stimulated several actions. First, we
augmented the online nursing flow sheet to permit
documentation of hypoglycemic episodes, includ-
ing the administration of orange juice or food. Sec-
ond, our CPOE system now prevents a physician
from inadvertently deselecting the hypoglycemia
protocol. Third, the CPOE system prompts the
nurse to recheck the BG as specified in the hypo-
glycemia protocol. Finally, the CPOE system warns
physicians to adjust antihyperglycemic agents
when they institute nutritional changes. We pro-
pose that monitoring hypoglycemia rates must be-
come a necessary component of inpatient diabetes
care that is both effective and safe and plan to
monitor these rates to determine the impact of
interventions designed to reduce the frequency of
hypoglycemia-related adverse events.

Our study had several limitations. We only in-
cluded episodes of hypoglycemia that were identi-
fied with a POC BG. This excluded patients treated
for symptomatic hypoglycemia without a measured
POC BG, potentially underestimating the event
rate. Moreover, defining time to resolution of a
hypoglycemic episode as that documented with a
serum BG but not a POC BG may have resulted in
overestimating the duration, and nurses may have
documented POC BGs in the MAR after a substan-
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tial delay, also artificially lengthening the time to
resolution. Capillary BG may underestimate the
true degree of hypoglycemia,?” thus confounding
the relationship between BG and adverse events.
Our study was not designed to evaluate subtle sub-
optimal management of hyperglycemia as a cause
of hypoglycemia, although expansion of the types
and combinations of insulin has increased the pos-
sibility of prescribing errors. Nor were we able to
assess the preventability of hypoglycemic episodes
or the independent risk factors for hypoglycemia.
Finally, this study originated from a single aca-
demic hospital and thus may reflect its unique id-
iosyncrasies.

We have reported a comprehensive survey of
hypoglycemia in patients treated with antihypergly-
cemic agents at a single hospital. At the time the
study took place, we had not instituted hospital-
wide strategies to maintain BG near euglycemic
targets, although such strategies have since begun.
To detect untoward events that may follow from
our efforts to better control hyperglycemia, we be-
lieve it is important to establish baseline measure-
ments. Even without aiming for tighter glucose con-
trol, we identified the need to aim for and possible
strategies to achieve, better prevention of hypogly-
cemia.

APPENDIX: SUMMARY OF DEFINITIONS FOR CHART
REVIEW

“New onset diabetes” was defined as diabetes diag-
nosed during the current hospital admission when
there was no previous history of diabetes.

“No diabetes” was defined as no history of di-
abetes and no diagnosis of diabetes during the in-
dex hospital stay.

“Documentation” was defined as any notation
in the record by the physician or nurse acknowl-
edging the hypoglycemic episode, other than the
BG value itself.

“Time to recheck BG” was defined as the time
in the MAR between a recorded BG = 60 mg/dL and
the next recorded BG.

“Resolution” was defined as the time in the
MAR between a recorded BG = 60 mg/dL and the
first recorded BG = 80 mg/dL (if, following a BG
> 80 mg/dL, the next BG was =60 mg/dL, the 2 BG
= 60 mg/dL were defined as belonging to the same
episode and that no resolution had yet occurred).

“Decline in enteral intake” was defined as any
new NPO order on the day of the episode or missed
meal within 3 hours of the episode.

“Hypoglycemia-related symptomatic adverse
event” was defined as any documented event at the
time of the hypoglycemic episode involving symp-
toms, change in care, temporary or permanent in-
jury, or increased hospitalization. “Change of care”
did not include following the hypoglycemic proto-
col and administering 50% dextrose or glucagon, as
we considered this usual care, unless symptoms or
signs also accompanied the hypoglycemic event.
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