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BACKGROUND: Severe hypoglycemia (SH), defined as a
blood glucose (BG) <40 mg/dL, is associated with an
increased risk of adverse clinical outcomes in inpatients.

OBJECTIVE: To determine whether a predictive informatics
hypoglycemia risk-alert supported by trained nurse res-
ponders would reduce the incidence of SH in our hospital.

DESIGN: A 5-month prospective cohort intervention study.

SETTING: Acute care medical floors in a tertiary care aca-
demic hospital in St. Louis, Missouri.

PATIENTS: From 655 inpatients on designated medical
floors with a BG of <90 mg/dL, 390 were identified as high
risk for hypoglycemia by the alert system.

MEASUREMENTS: The primary outcome was the incidence
of SH occurring in high-risk intervention versus high-risk
control patients. Secondary outcomes included: number of
episodes of SH in all study patients, incidence of BG < 60

mg/dL and severe hyperglycemia with a BG >299 mg/dL,
length of stay, transfer to a higher level of care, the fre-
quency that high-risk patient’s orders were changed in
response to the alert-intervention process, and mortality.

RESULTS: The alert process, when augmented by nurse-
physician collaboration, resulted in a significant decrease
by 68% in the rate of SH in alerted high-risk patients versus
nonalerted high-risk patients (3.1% vs 9.7%, P =0.012).
Rates of hyperglycemia were similar on intervention and
control floors at 28% each. There was no difference in mor-
tality, length of stay, or patients requiring transfer to a higher
level of care.

CONCLUSION: A real-time predictive informatics-
generated alert, when supported by trained nurse respond-
ers, significantly reduced inpatient SH. Journal of Hospital
Medicine 2014;9:621-626. © 2014 Society of Hospital
Medicine

Insulin therapy in the hospital setting can cause hypo-
glycemia, which may lead to increased mortality and
length of stay (LOS).'”® Hypoglycemia is associated
with cardiovascular, cerebrovascular, and patient fall
events.*’ The Centers for Medicare and Medicaid
Services have designated both severe hypoglycemia
(SH) with harm and diabetic ketoacidosis as hospital
acquired conditions (HAC) or “never events.” The
Society for Hospital Medicine (SHM) defines SH in
the hospital as a blood glucose (BG) <40 mg/dL. Min-
imizing episodes of SH is important for patient health
outcomes, patient safety, and for healthcare facilities’
safety metrics.

Many factors contribute to SH including excessive
insulin doses, medication errors, inappropriate timing
of insulin doses with food intake, changes in nutri-
tional status, impaired renal function, and changes in
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medications such as steroids.® As part of a multiyear
project in patient safety, an inpatient hypoglycemia
alert algorithm was developed based on a multivari-
ate analysis of individual patient demographic, phar-
macy, laboratory, and glucometric data. The
algorithm was previously shown to have a 75% sen-
sitivity to predict episodes of SH.” In this study, we
tested whether a predictive real-time informatics
hypoglycemia alert based on the tested algorithm,
along with trained nurses, would result in a
decreased frequency of SH events compared to usual
care. We hypothesized that this alert would result in
a reduction of SH events in those patients at high
risk for hypoglycemia.

METHODS

Study Design and Population

This prospective cohort-intervention study involved
inpatients admitted to Barnes-Jewish Hospital in St.
Louis, Missouri, the academic hospital of Washington
University School of Medicine (WUSM), from August
2011 through December 2011. Fourteen floors,
including 10 internal medicine and 4 cardiology medi-
cine floors, were selected based upon a high frequency
of severe hypoglycemic events noted in 2010. Six of
the internal medicine floors were designated as inter-
vention floors, and 8 were designated as control
floors, including the 4 cardiology units. The study
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8154 patients were admitted to
control and intervention floors
during the study period

7449 patients were excluded

5529 patients were not on
anti-diabetic medications

1970 patients did not have a
blood sugar <90 mg/dL

655 patients were included in the

study All had BG <90 mg/dL

195 patients were identified as High Risk
Patients on Intervention Floors (HR-I)

Risk score >35

195 patients were identified as High
Risk Patients on Control Floors (HR-C)

Risk score >35

265 patients were identified as Low
Risk Patients on Control (112) and
Intervention (153) Floors (LR)

Risk score <35

FIG. 1. Study enroliment.

population consisted of patients receiving diabetic
medications on study floors who had a BG <90 mg/
dL during their hospital stay (Figure 1). The study
was approved by the WUSM institutional review
board and included a waiver of consent for individual
patients.

The pharmacy informatics system was programmed
with the previously developed hypoglycemia alert to
prospectively identify those patients at high risk of
hypoglycemia based on real-time patient information.”
Patients were identified as high risk on study floors if
insulin or an oral antihyperglycemic agent was pre-
scribed and if their hypoglycemia informatics gener-
ated risk score was >35 within 24 hours of having a
capillary or venous BG < 90 mg/dL. The risk score of
35 corresponded to a 50% sensitivity for a subsequent
BG <60 mg/dL and a 75% sensitivity for a BG
<40 mg/dL. Patients who generated an alert once dur-
ing their hospital stay were assigned to 1 of 3 catego-
ries based on their admission division and risk score:
high-risk intervention (HR-I), high-risk control (HR-
C), or low risk (LR). LR patients also had a BG
<90 mg/dL during their stay, but a risk score of <335.

The electronic alert for HR-I patients was sent by
pager to division-specific charge nurses. Fourteen
charge nurses on intervention divisions were trained
to assess the alert, interview the patient, identify an
alternate dosing strategy, and collaborate with the
patient’s physicians. HR-C patients were identified on
control divisions based on the same criteria as inter-
vention patients, but no alert was generated. Control
patients’ charts were reviewed and evaluated upon
discharge by the research team-certified diabetes nurse
educator to determine whether the treating physician
had identified the SH risk and had changed insulin
orders.

Nurses and physicians caring for patients on study
divisions provided informed consent to participate in

the study. Nurses’ satisfaction with the alert process
and physician interaction was assessed with a collabo-
ration scale that was completed after each alert (see
Supporting Information, Appendix A, in the online
version of this article).?

Alert Development Process

The alert equation algorithm was developed at
Barnes-Jewish Hospital after a retrospective analysis
of hospital glucometric data, including capillary and
venous BG measurements, and demographic and phar-
macy data over a 6-month time period.” The analysis
identified factors that were independently associated
with hypoglycemia and used these variables in a
mathematical model to achieve a 50% sensitivity to
predict a subsequent BG of <60 mg/dL and a 75%
sensitivity to predict SH.” Table 1 outlines the varia-
bles in the model and provides the risk-score equation
used to generate an alert.

The alert used a BG cutoff of 90 mg/dL in accord-
ance with the American College of Endocrinology
Hospital Guideline. Although current guidelines from
the SHM recommend keeping BG values >100 mg/dL
for patient safety, our analysis found that the cutoff
of <90 mg/dL had better sensitivity and specificity
than the <100 mg/dL guideline for the risk
algorithm.'®!!

Nurse and Physician Training

Charge nurses received 5 hours of hyperglycemia man-
agement training in 3 sessions utilizing a structured
curriculum. Session 1 included a pretest followed by
diabetes management education. Session 2 was
devoted to an interactive workshop utilizing case-
based scenarios of diabetes management problems and
hypoglycemia prevention. The final session provided
instructions on the electronic alert communication
process. Nurses were empowered with tools for
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TABLE 1. Variables Identified as Conferring Higher
Risk for Hypoglycemia in the Alert and Risk Equation

Variable Description of Variable

Body weight Patients at a lower weight were at an increased risk. The variable
had a linear response, and 3 levels were used to modify the risk
equation: <69 kg, 70-79 kg, and >80 kg.

Patients with a lower creatinine clearance were at an increased risk.
This variable had a linear response, and 2 levels were used to
modify the risk equation: <48 mL/min or >48 mL/min.

Increased risk was noted at a doses of basal insulin >0.25 U/kg.

Dosing of basal insulin without meal-time insulin conferred increased
risk.

Nonstandard insulin therapy ~ The use of 70/30 insulin was associated with increased risk.

Oral diabetic therapy Use of sulfonylureas was associated with increased risk.

Risk score equation (Value <60) = 0.055 + 1,062 * (Basal <0.25 Ukg) + 1.234 * (Basal

>0.25 Ulkg) & minus;0.294 * (Weight <6069 kg) - 0.540 *
(Weight 70-79 kg) — 0.786 * (Weight >80 kg) & minus;0.389 *
(Creatinine Clearance <38-47) —0.680 * (Creatinine Clearance
>48) —0.239 * (Sliding Yes) —0.556*(Meal Yes) + 0.951 * (Slid-
ing and Meal) + 0.336 * (Sulfonylurea Yes)

Score =100 * (Exp (Value <60)/(1 + Exp (Value <60))

Creatinine clearance

Basal insulin dose
Basal-only dosing

effective communication practices using the situation-
background-assessment-recommendation (SBAR)
technique.'?

Physicians, including hospitalists and medicine resi-
dents on intervention and control floors, took a pre-
test, received a 1-hour lecture, and completed the
same curriculum of case-based scenarios in an online
self-directed learning module. Physicians did not
receive SBAR training. Both nurses and physicians
received pocket cards with insulin management guide-
lines developed by our research team to ensure that
all clinicians had common prescribing practices.'’

Outcomes

The primary outcome was the incidence of SH occur-
ring in HR-I versus HR-C patients. Secondary out-
comes included: episodes of SH in LR study patients,
incidence of BG < 60 mg/dL frequency of transfer to a
higher level of care, incidence of severe hyperglycemia
defined as BG >299 mg/dL, frequency that high-risk
patient’s orders were changed to reduce hypoglycemia
risk in response to the alert-intervention process, LOS,
mortality, and a nurse-physician collaboration scale

SCOI‘C.14

Statistical Analysis

Demographic and clinical metrics were compared
between HR-I and HR-C patients to evaluate poten-
tial sources of bias. These included age, weight, serum
creatinine, creatinine clearance (measured by Cock-
croft-Gault), hemoglobin Alc (HbAlc) if available,
LOS, gender, admitting diagnosis, type of diabetes,
and Charlson Comorbidity Index score. The alert risk-
score was also compared between intervention and
control floors. Two-tailed ¢ tests assessed differences
between the study groups on normally distributed
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variables, whereas Wilcoxon rank sum tests were used
for non-normally distributed variables, and y* tests
were used for categorical variables. Two-tailed Fisher
exact tests compared the prevalence of hypoglycemia
thresholds between the study groups. x> analysis was
used to compare the proportion of patients who expe-
rienced a BG >299 mg/dL between intervention and
controls and the proportion of orders changed in HR-
I versus HR-C patients. Logistic regression was used
to test the association of nurse collaboration score
with the likelihood of orders being changed.

Based on previous research, we estimated a 48%
rate of hypoglycemia <60 mg/dL in HR-C patients on
control floors.” We calculated a sample size of 195
subjects in each high-risk group as the number needed
for the intervention to produce a clinically meaningful
reduction in hypoglycemia of 25% on the intervention
floor compared to the control floors with 90% power.

RESULTS

Study Cohort and Patient Characteristics

One hundred ninety-five patients who met criteria for
high-risk status were enrolled on HR-I floors and HR-
C floors for a total of 390 high-risk patients. During
the same time period, 265 LR patients were identified
on intervention (153 patients) and control (112
patients) floors. The HR-I patients were similar to the
HR-C patients by baseline demographics, as shown in
Table 2. HbAlc was not available on all patients, but
the mean HbA1c in the HR-I group was 7.93% versus
7.40% in the HR-C group (P = 0.048). The Charlson
Comorbidity Index score was significantly different
between the high-risk groups (HR-I: 6.48 vs HR-C:
7.48, P =0.002), indicating that the HR-C patients
had more comorbidities."® There were significant dif-
ferences in 2 of the 3 most common admitting diagno-
ses between groups, with more HR-C patients
admitted for circulatory system diseases (HR-C:
22.3% vs HR-I: 4.4%, P=0.001), and more HR-I
patients admitted for digestive system diseases (HR-I:
13.7% vs HR-C: 3.3%, P < 0.001). The proportion of
patients with preexisting type 2 diabetes did not differ
by intervention status (HR-I: 89.8% vs HR-C: 92.0%,
P =0.462).

Study Outcomes

The rate of hypoglycemia was compared between 195
HR-I and 195 HR-C patients, and it should be noted
that each patient could generate only 1 episode of hypo-
glycemia during an admission. As shown in Table 3,
the incidence of a BG <60 mg/dL was significantly
lower in the HR-I patients versus the HR-C patients
(13.3% vs 26.7%, P = 0.002) as was the incidence of a
BG <40 mg/dL (3.1% HR-I vs 9.7% HR-C,
P =0.012). This represents a decrease of 50% in mod-
erate hypoglycemia (BG <60 mg/dL) and a decrease of
68% in SH (BG <40 mg/dL) between HR-I and HR-C
patients. Severe hyperglycemia occurrences were not
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TABLE 2. Baseline Patient Characteristics

HR-I, Mean HR-C, Mean, Low Risk, Mean,
SD/Frequency (%), SD/Frequency (%), SD/Frequency (%),
Demographic N=195 N =195 N =265 P Value*
Age, y 60.2 (15.1) 60.3(16.9) 61.0(13.8) 0.940
Weight, kg 84.9(31.9) 80.8(26.6) 93.6(28.7) 0173
Serum creatinine, mg/dL 2.06 (2.56) 2.03(1.87) 1.89(2.17) 0910
Creatinine clearance, mL/min 506 (29.8) 454 (27.1) 55.5(29.3) 0.077
Hemoglobin Atc, n (%) with data 7.93 (2.46), n =130 (67%) 740 (1.75), n=115 (59%) 6.65 (2.05), n =152 (57%) 0.048
Risk score 52 (11) 54 (11) 26 (6) 0111
Length of stay, median, d 583 588 579 0.664
Male gender 84 (43.1%) 98 (50.3%) 145 (54.7%) 0.155
Type 2 diabetes 167 (89.8%) 172 (92.0%) 219 (95.6%) 0462
Charlson Comorbidity Index score 6.48 (3.06) 748(3.28) 6.66 (3.24) 0.002
Admit diagnosis endocrine, nutritional, 17(9.3%) 10 (5.4%) 11 (4.3%) 0.153
metabolic diseases, and immunity disorders (codes 240-279)
Admit diagnosis disease of circulatory system (codes 390-459) 8 (4.4%) 41(22.3%) 26 (10.1%) <0.001
Admit diagnosis disease of digestive system (codes 520-579) 25 (13.7%) 6(3.3%) 27 (10.5%) <0.001
Admit diagnosis diseases of the genitourinary system (codes 580-629) 6(3.3%) 4(2.2%) 15 (5.8%) 0510
Admit diagnosis reported only as signs, 77 (42.3%) 92 (50.0%) 121 (46.9%) 0.140
symptoms, or ill-defined conditions (codes 780-799)
NOTE: Abbreviations: HR-C, high-risk control; HR-1, high-risk intervention. *HR- vs HR-C.

TABLE 3. Rate of Hypoglycemia in Alerted Patients

Alerted Patients Glucose Threshold HR-I (%), N=195 HR-C (%), N =195 Low Risk (%), N = 265 P Value*
With BG <40 mg/dL 6(3.1%) 19/(9.7%) 10(3.8%) 0.012
With BG <60 mg/dL 26 (13.3%) 51 (26.7%) 50 (18.9%) 0.002
With BG >299 mg/dL 53 (28.0%) 53 (27.9%) 29(11.9%) 0.974

NOTE: Abbreviations: BG, blood glucose; HR-G, high-risk control; HR-I, high-risk intervention. *HR-I vs HR-C.

significantly different between intervention and control
floors at 28% each.

The sensitivity, specificity, and predictive values of
the alert for BG thresholds of <40 mg/dL and
<60 mg/dL are presented in Table 4. On control
floors, the alert exhibited a modest sensitivity and
high negative predictive value for BG <40 mg/dL.
Sensitivity for a BG <40 mg/dL was 76% and 51.5%
for BG <60 mg/dL. The alert was developed with a
50% sensitivity for a BG of <60 mg/dL, and the sen-
sitivities calculated on control floors were consistent
with the original modeling. The predictive value of an
LR classification was 98.2% for not having a BG
<40 mg/dL. The predictive value of a positive alert
was 9.7% for BG <40 mg/dL.

There was no significant difference in mortality
(P=0.726), transfer to a higher level of care
(P=10.296), or LOS between the 2 groups (HR-I:
5.83 days vs HR-C: 5.88 days, P = 0.664). However,
patients with a BG <40 mg/dL had an LOS of 12.2
days (N =45) versus 8.1 days for those without an
SH event (N = 610), which was statistically significant
(P =0.005). There was no increase in the incidence of
BG >299 mg/dL in the HR-I versus HR-C groups
(P =0.53).

Nurse-physician satisfaction with the alert process
was evaluated using a collaboration scale completed
after each alert.® Of the 195 hypoglycemia alerts,
there were 167 (85.6%) nurse and 25 (12.8%) physi-
cian collaboration scales completed. Scores were simi-
lar among nurses (average 1.52) and physicians
(average 1.72), reflecting positive experiences with col-
laboration. Orders were changed in 40.7% HR-I
patients in response to the collaboration, but in only
20.5% of HR-C patients after the initial BG of
<90 mg/dL occurred. A change in orders constituted a
modification consistent with lowering the risk of
hypoglycemia and included discontinuing an oral anti-
diabetic agent, lowering the dose of insulin, and rarely
the addition of dextrose-containing fluids. The most
common change in orders was a reduction in the total
dose of insulin. A difference in orders changed was
partially explained by the collaboration score; a 1-unit
increase in the score correlated to an odds ratio of
2.10 that the orders would be changed (P = 0.002).

DISCUSSION

Hospitals are accountable for safe and effective care
of patients with hyperglycemia, which includes pre-
vention of medication-induced hypoglycemia. We
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TABLE 4. Test Characteristics and Predictive Values
40mg/dL 60 mg/dL

Variable Threshold  Threshold
Sensitivity: probability of an alert given BG <40 or 60 mg/dL 76.0% 51.5%
Specificity: probability of no alert given BG >40 or 60 mg/dL 64.6% 66.0%
Positive predictive value 9.7% 26.7%
Negative predictive value (nonalerted patients identified as low risk) ~ 98.2% 85.0%

NOTE: Abbreviations: BG, blood glucose.

have developed a predictive informatics hypoglycemia
risk alert that, when tested in a real-world situation,
significantly reduced the rate of SH in hospitalized
patients without increasing severe hyperglycemia. The
alert algorithm correctly identified patients who were
at high risk for hypoglycemia and allowed caretakers
the opportunity to lower that risk. The positive pre-
dictive value of the alert was low but acceptable at
9.7%, owing to the overall low rate of hypoglycemia
in the patient population.

The alert model tested involved 3 components for
success: the automated alert, trained charge nurse res-
ponders, and an interaction between the nurse
responder and the care provider. HR-I patients were
interviewed and assessed for problems associated with
oral intake, dietary habits, medication compliance,
and hypoglycemia at home prior to communicating
with physicians. The extensive training and profi-
ciency in patient assessment and SBAR communica-
tion process required by nurses was paramount in the
success of the alert. However, the alert provided a
definitive risk assessment that was actionable, versus
more global instruction, which has not had the same
impact in risk reduction. Based on feedback collected
from nurses at the study end, they felt the alert pro-
cess was within their scope of practice and was not
unduly burdensome. They also found that the training
in diabetes management and SBAR communication
techniques, in addition to the alert system, were useful
in protecting patients from medication harm.

Physicians for HR-C patients missed many opportu-
nities to effectively intervene and thereby reduce the
likelihood of an SH event. Our assumption is that the
clinicians did not ascertain the risk of SH, which was
reflected by the fact that orders were changed in
40.7% of HR-I patients versus only 20.5% in the
HR-C group. Having alerts go directly to nurses
rather than physicians permitted inclusion of addi-
tional information, such as caloric intake and testing
schedules, so that changes in orders would have
greater context, and the importance of mild hypogly-
cemia would not be overlooked.'® Glycemic control is
challenging for providers in the inpatient setting, as
there is little time to test and titrate doses of insulin
to achieve control. Tight glycemic control has become
the primary focus of diabetes management in the out-
patient setting to reduce long-term risks of microvas-
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cular  complications.'”'®  However, establishing
glycemic targets in the inpatient setting has been diffi-
cult because the risk for hypoglycemia increases with
tighter control."”?? Inpatient hypoglycemia has been
associated with increased mortality, particularly in
critically ill patients.*’** Many factors contribute to
hypoglycemia including low creatinine clearance, low
body weight, untested insulin doses, errors in insulin
administration, unexpected dietary changes, changes
in medications affecting BG levels, poor communica-
tion during times of patient transfer to different care
teams, and poor coordination of BG testing with insu-
lin administration at meal times. A multifaceted
approach aimed at improving both clinician and nurse
awareness, and providing real-time risk assessment is
clearly required to insure patient safety.%!3:2324

There are significant economic benefits to avoiding
SH in the hospital given the adverse outcomes associ-
ated with HACs and the extra cost associated with
these conditions. In hospitalized patients, hypoglyce-
mia worsens outcomes leading to higher costs due to
longer LOS (by 3 days), higher inpatient charges
(38.9%), and higher risk of discharge to a skilled
nursing facility."**%*¢ Conversely, improved glycemic
control can reduce surgical site infections, periopera-
tive morbidity, and hospital LOS.?” The high preva-
lence of insulin use among inpatients, many of whom
have high-risk characteristics, creates a milieu for
both hyper- and hypoglycemia. Other groups have
described a drop in hypoglycemia rates related to the
use of standardized diabetes order sets and nurse and
physician education, but this is the first study that
used informatics in a prospective manner to identify
patients who are at high risk for developing hypogly-
cemia and then specifically targeted those patients.
The alert process was modeled after a similar alert
developed in our institution for identifying medicine
patients at risk for sepsis.?’ Given the paucity of data
related to inpatient glycemia risk reduction, this study
is particularly relevant for improving patient safety.

The major limitation of this study is that it was not
randomized at the patient level. Patients were assigned
to intervention and control groups based on their
occupancy on specific hospital floors to avoid treat-
ment bias. Bias was assessed due to this nonrandom
assignment by comparing demographic and clinical
factors of HR patients between intervention and con-
trol floors, and found significant differences in HbAlc
and admitting diagnosis. As the control group had
lower HbA1c values than the intervention group, and
it is known from the Diabetes Control and Complica-
tions Trial and Action to Control Cardiovascular Risk
in Diabetes trial that lower HbAlc increases the risk
of hypoglycemia, our results may be biased by the
level of glucose control on admission.>>*! Admitting
diagnoses differed significantly between intervention
and control patients as did the Charlson Comorbidity
Index score; however, the hypoglycemia alert system
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does not include patient diagnoses or comorbidities,
and as such provided equipoise with regard to risk
reduction regardless of presenting illness. This study
included trained nurses, which may be beyond the
scope of every institution and thereby limit the effec-
tiveness of the alert in reducing risk. However, as a
result of this study, the alert was expanded to other
acute care floors at our hospital as well as other hospi-
tals in the Barnes-Jewish Hospital system.

In summary, this study showed a 68% decrease in epi-
sodes of SH in a high-risk patient cohort on diabetic medi-
cations using a hypoglycemia alert system. The results of
this study demonstrate the validity of a systems-based
approach to reduce SH in high-risk inpatients.

Disclosures: This work was funded by the Barnes-Jewish Hospital Foun-
dation The authors report no conflicts of interest.
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