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A Pediatric Intensive Care Unit Bedside Computer
Clinical Decision Support Protocol for Hyperglycemia
Is Feasible, Safe and Offers Advantages
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Abstract

Background: Computer clinical decision support (CDS) systems are uncommon in the pediatric intensive care
unit (PICU), despite evidence suggesting they improve outcomes in adult ICUs. We reasoned that a bedside CDS
protocol for intravenous insulin titration, eProtocol-insulin, would be feasible and safe in critically ill children.
Methods: We retrospectively reviewed data from non-diabetic children admitted to the PICU with blood
glucose (BG) ‡140 mg/dL who were managed with intravenous insulin by either unaided clinician titration or
eProtocol-insulin. Primary outcomes were BG measurements in target range (80–110 mg/dL) and severe hy-
poglycemia (BG £40 mg/dL); secondary outcomes were 60-day mortality and PICU length of stay. We assessed
bedside nurse satisfaction with the eProtocol-insulin protocol by using a 5-point Likert scale and measured
clinician compliance with eProtocol-insulin recommendations.
Results: Over 5 years, 69 children were titrated with eProtocol-insulin versus 104 by unaided clinicians.
eProtocol-insulin achieved target range more frequently than clinician titration (41% vs. 32%, P < 0.001).
Severe hypoglycemia was uncommon in both groups (4.3% of patients in eProtocol-insulin, 8.7% in clinician
titration, P = 0.37). There were no differences in mean time to BG target or median BG between the groups.
Mortality was 23% in both groups. Clinician compliance with eProtocol-insulin recommendations was 89%.
Nurses believed that eProtocol-insulin was easy to understand and safer than clinician titration.
Conclusions: eProtocol-insulin is safe for titration of intravenous insulin in critically ill children. Clinical
research protocols and quality improvement initiatives aimed at optimizing BG control should utilize detailed
computer protocols that enable replicable clinician decisions.
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Introduction

Stress hyperglycemia is common in critically ill chil-
dren and is associated with increased harm.1–5 The opti-

mal approach to blood glucose (BG) control in children
remains uncertain.6–10 Although enthusiasm for titration of
insulin to achieve a target BG of 80–110 mg/dL had shifted in
the adult community, the question has not been answered for
a mixed pediatric population. Fear of hypoglycemia prevents

many pediatric clinicians from using intravenous insulin ti-
tration protocols.11 Of utmost importance to appropriate BG
control is the demonstration of a safe, feasible, and practical
method for minimizing hypoglycemia.11–13

In the adult intensive care unit (ICU), the use of computer
clinical decision support (CDS) for BG control results in
more consistent BG target levels and fewer adverse events
than do paper protocols.14–16 To optimize BG control, in-
vestigators have implemented bedside paper protocols or
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guidelines for intravenous insulin titration in the pediatric
ICU (PICU).17–19 However, CDS protocol use in the PICU is
not widely accepted.20–22 Clinicians express concern about
both the introduction of unseen risk and alienation from
bedside decision making.23–25 Workflow burden and exces-
sive time consumption are other stated barriers to bedside
CDS implementation.26 Ironically, it is excessive physician
burden, and the associated information overload, that justifies
CDS use.26–28

Detailed CDS protocols enable replicable physician deci-
sions, can provide personalized patient care recommendations,
and can lessen physician cognitive burden.26–31 In the adult
ICU, eProtocol-insulin use resulted in superior achievement of
the BG target with excellent clinician compliance (95%).16,32

We modified eProtocol-insulin interface and insulin dose
display recommendations for use in children and implemented
eProtocol-insulin in the PICU. We used the same rules as used
in the adult ICU.16,32 We compared patients who received IV
insulin therapy by unaided clinician titration (clinician titra-
tion) with those managed with eProtocol-insulin (eProtocol-
insulin) to evaluate safety and feasibility of this CDS tool in
the PICU.

Methods

We performed a retrospective descriptive cohort analysis of
hyperglycemic (BG ‡140 mg/dL [7.8 mmol/L]) PICU patients
who received intravenous insulin and were admitted between
January 2003 and January 2008 (Fig. 1). Institutional review
boards approved the study with a waiver of informed consent
(University of Utah 00013681; Intermountain Healthcare
1008548). We compared treatment without a protocol or un-
aided clinician titration (clinician titration) with titration with a
detailed, context-sensitive computer protocol that generated
personalized care recommendations (eProtocol-insulin) (NIH-

roadmap contract No. HHSN268200425210C); the rules and
algorithm for eProtocol-insulin are published in the Supple-
mentary Appendix A (Supplementary Data are available on-
line at www.liebertpub.com/dia).16 For the pediatric version,
every eProtocol-insulin recommendation was followed with a
physician or licensed nurse practitioner order.

Study site and subject selection

We included children <18 years old who remained in the
PICU for ‡24 h, had at least one BG ‡140 mg/dL, and were
treated with intravenous insulin. All patients were admitted to
a 26–32 bed PICU (2000 admissions/year) within a 242–248
bed, university-affiliated, tertiary care pediatric hospital. PICU
clinicians treated hyperglycemia with a BG target range of
their choice for the entire study period. At the time of the study,
there was not only enthusiasm for an 80–110 mg/dL target
range but also concern about hypoglycemia, and, thus, a target
range of 80–140 mg/dL was sometimes chosen. For the first
half of the study period, insulin titration was directed by un-
aided clinician titration; for the second half of the study period,
eProtocol-insulin was used. We focus the discussion on the
80–110 mg/dL BG target range but report relevant outcomes
for both BG target ranges, since the BG target range chosen by
the clinician was not recorded in the clinician titration
group. For patients with multiple PICU admissions during the
study period, we included only the first admission. We ex-
cluded patients who might have received insulin for diagnoses
other than stress hyperglycemia (patients with diagnoses of
diabetes, primary hypoglycemia, or medium-chain acyl-CoA
dehydrogenase deficiency [ICD-9 codes: 250.00–250.03,
250.10–250.13, 250.31–250.33, 251.0–251.2, 775.6, 775.0,
270.3]).

Data collection

Data were obtained from the highly detailed Intermountain
Healthcare Electronic Medical Record. Receipt of intravenous
insulin was confirmed by a manual review of the chart. In
addition to demographic data, we calculated the PRISM III
score based on the first 12 h of PICU admission to determine
illness severity.33 We included BG values obtained from blood
gas labs, bedside point of care, and clinical labs. If two or more
BG values were obtained within 15 min of one another, only
the first value was retained for the analysis. We calculated how
long it took from the initiation of insulin to achieve target range
BG (80–110 and 80–140 mg/dL) and what percent of readings
during the first 120 h (5 days) were within target range. We
assessed how many patients had at least one BG value £70 mg/
dL (‘‘mild hypoglycemia’’) or £40 mg/dL (‘‘severe hypogly-
cemia’’). Because of known inaccuracies of low point-of-care
BG values, we verified that all BG values £40 mg/dL were
confirmed with a serum measurement at the same time. We
calculated 60-day mortality and hospital- and PICU lengths
of stay. We assessed bedside nurse satisfaction with a short
survey of eProtocol-insulin based on a 5-point Likert scale
(Supplementary Appendix B).

Statistical analysis

We compared the descriptive statistics and clinical out-
come rates of the eProtocol-insulin and clinician titration
groups. We compared central tendency with Wilcoxon rank-FIG. 1. Inclusion diagram for comparison cohort.
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sum tests and proportions with chi-square and Fisher’s exact
tests. We adjusted the alpha level of statistical significance
(0.05) for multiple comparisons (Bonferroni). We also fit a
univariate logistic regression to assess the overall association
between severe hypoglycemia and 60-day mortality.

Results

Demographics

Of the 2158 PICU patients, 173 (8%) were treated with
intravenous insulin. We observed no differences in baseline
characteristics or in antecedent hyperglycemia between
eProtocol-insulin (n = 69) and clinician titration (n = 104)
groups (Table 1).

Both eProtocol-insulin and clinician titration groups had
similar BG values (median 116 vs. 118 mg/dL, respectively,
P = 0.34), and time to the first BG value within target (10 vs.
12 h, P = 0.22 for 80–110 mg/dL; 7 vs. 6 h, P = 0.74 for 80–
140 mg/dL). However, during the first 120 h of intravenous
insulin administration, we observed a significant difference
in the percentage of BG values within both target ranges (for

80–110 mg/dL: 41% of eProtocol-insulin group, 32% of cli-
nician titration group, P < 0.001; for 80–140 mg/dL: 68% of
eProtocol-insulin group, 62% of clinician titration group,
P < 0.001). A total of nine patients did not achieve a BG value
within the 80–110 mg/dL target range (one eProtocol-insulin
group, eight clinician titration groups).

The distribution of BG values in both eProtocol-insulin
and clinician titration groups is shown in Figure 2. We ob-
served no statistically significant difference between the
eProtocol-insulin and clinician titration groups for mild hy-
poglycemia (64% vs. 56%, P = 0.34). We observed no sig-
nificant difference in occurrence of severe hypoglycemic BG
values (0.08% in eProtocol-insulin vs. 0.20% in clinician ti-
trated, P = 0.13), nor the percentage of patients who experi-
enced severe hypoglycemia (4.3% vs. 8.7%, P = 0.37). For
comparison, 3.4% of the patients who did not receive intra-
venous insulin had a severely hypoglycemic BG value. In the
eProtocol-insulin group, clinicians chose the 80–110 mg/dL
target 90% of the time, and patients received an average (SD)
of 0.07 (0.06) U/(kg$h) of insulin with a mean duration of
insulin infusion of 4.1 days.

Table 1. Baseline Characteristics, Blood Glucose Metrics, and Clinical Outcomes

of eProtocol-Insulin Versus Clinician Titration Groups

eProtocol-insulin
(n = 69)

Clinician titration
(n = 104) P value

Baseline characteristics
Age (years); median (IQR) 3 (1–13) 3 (1–12) 0.42
PRISM score; median (IQR) 11 (7–16) 9 (4–15) 0.10
% female 54% 44% 0.29

% diagnostic category 0.28
Cardiac surgery 23% 21%
General surgery 9% 9%
Medical diagnosis 55% 45%
Trauma 13% 25%

Maximum blood glucose before receiving insulin (mg/dL) 302 (251–438) 282 (231–378) 0.14

Blood glucose metrics
Median blood glucose during PICU stay (mg/dL) 116 (107–126) 118 (108–134) 0.34
Median blood glucose day 1 of insulin (mg/dL) 133 (115–155) 128 (111–156) 0.67
Median blood glucose day 2 of insulin (mg/dL) 106 (98–119) 113 (100–133) 0.09
Median blood glucose day 3 of insulin (mg/dL) 105 (93–120) 111 (100–134) 0.13
Median blood glucose day 4 of insulin (mg/dL) 112 (101–121) 111 (99–134) 0.71
Median blood glucose day 5 of insulin (mg/dL) 106 (98–118) 113 (97–129) 0.32
% blood glucose values in range (between 80 and

110 mg/dL) during first 120 h
41% 32% <0.001

% blood glucose values in range (between 80 and
140 mg/dL) during first 120 h

68% 62% <0.001

Time from initiation of IV insulin to first blood
glucose within range [80–110 mg/dL] (h)a

10 (6–20) 12 (7–26) 0.22

Time from initiation of IV insulin to first blood
glucose within range [80–140 mg/dL] (h)b

7 (3–13) 6 (3–13) 0.74

% of patients ever £70 mg/dL 64% 56% 0.3446
% of patients ever £40 mg/dL 4% 9% 0.3666

Clinical outcomes
% 60-day mortality 23% 23% 1.00
Hospital length of stay (days) 15.2 (7.2–32.2) 18.4 (9.8–32.0) 0.45
PICU length of stay (days) 9.8 (4.1–16.7) 10.2 (5.5–14.8) 0.97

aNine patients did not achieve glucose control (80–110 mg/dL): eight from the clinician titration group and one from the eProtocol-insulin
group.

bThree patients did not achieve glucose control (80–140 mg/dL): two from the clinician titration group and one from the eProtocol-insulin
group.

PICU, pediatric intensive care unit.
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We observed no difference in mortality or PICU length of
stay between eProtocol-insulin and clinician titration groups
(Table 1). BG values were rarely £40 mg/dL, and this was not
associated with mortality (univariate logistic regression Odds
Ratio 0.468, P = 0.49).

eProtocol-insulin compliance

Clinician compliance with overall eProtocol-insulin rec-
ommendations was high, with 89% of recommendations ac-
cepted. Compliance with eProtocol-insulin recommendations
was highest (92%) when the BG value was between 80 and
110 mg/dL and lowest (71%) when the BG value was below
60 mg/dL. Common reasons for non-compliance with
eProtocol-insulin included administration of medications that
interfere with insulin and glucose delivery, as well as phy-
sician disagreement with the recommendation. Technical
problems with the computer were listed infrequently. A
complete list of reasons for non-compliance are provided in
the Supplementary Appendix C.

Nurse-rated feasibility and satisfaction

In general, nurses rated eProtocol-insulin on a Likert scale
of 1 (disagree) to 5 (agree) as easy to understand (mean [SD]:
4.27 [0.59]) with clear recommendations (4.21 [0.89]).
Nurses perceived eProtocol-insulin as slightly safer (3.85
[0.69]) than clinician titration and perceived it to be associ-
ated with less hypoglycemia (3.57 [0.85]).

Discussion

eProtocol-insulin, a bedside CDS protocol for insulin ti-
tration in the PICU, performs similarly, and more favorably
in some regards, than clinician titration of insulin for the

management of hyperglycemia in the PICU. eProtocol-
insulin with a target of 80–110 or 80–140 mg/dL was safe and
associated with a hypoglycemia rate similar to the rate in
patients not receiving intravenous insulin. eProtocol-insulin
facilitated collection of granular data (insulin dose, clinician
chosen BG target) and enabled calculation of clinician
compliance with protocol recommendations.

Our experience with a CDS protocol in the PICU rein-
forces objectives and goals outlined by Timbie et al. These
include prioritizing clinician specialists’ feedback in design
and addressing important performance gaps.31 eProtocol-
insulin use resulted in more BG values in target range; fur-
thermore, all but one patient in the eProtocol-insulin group
were able to reach the 80–110 mg/dL BG target range. Nurse
satisfaction with eProtocol-insulin was high, which was
consistent with a previous observation that a bedside
rounding tool enhanced overall PICU staff satisfaction.34

PICU nurses perceived eProtocol-insulin as easy to use,
with clear recommendations, safer, and associated with a
decreased frequency of hypoglycemia. The latter perception
is supported by our results, although the difference in BG
value £40 mg/dL is not statistically significant. Interestingly,
although overall clinician compliance with eProtocol-insulin
was high (89%), compliance with eProtocol-insulin changed
based on BG level. This finding provides valuable insight into
complex elements surrounding clinician decision making
regarding intravenous insulin titration and can help inform
future insulin titration protocol development.16,30,32 The
ability to quantify bedside clinician compliance with an
electronic protocol’s recommendation is an important benefit
of CDS protocols.27,28

Compliance with eProtocol-insulin was higher than that
noted by Tehrani et al. for a CDS protocol for mechanical
ventilation in infants.35 Unique features of eProtocol-insulin
are its use as both a clinical management protocol for insu-
lin titration and a potential research protocol. eProtocol-
insulin facilitates collection of data that might better clarify
the clinical and treatment circumstances that contribute to
hypoglycemia, rendering a CDS protocol important for sci-
entific rigor.30,32 The data from the work we report in this
publication were used to inform the design and study pro-
cedures for a large prospective multicenter interventional
pediatric critical care trial—the National Institutes of Health
Heart and Lung Failure Pediatric Insulin Titration Trial
(HALF-PINT; U01-HL1-7681). HALF-PINT uses a similar
CDS insulin titration protocol based on the proportional in-
tegral derivative algorithm.6,36–38

Reasons for different compliance with eProtocol-insulin
recommendations across BG values are likely multifactorial.
Inferences based on reasons given by the clinician for non-
compliance include a desire not to change insulin when the
patient is within the BG target. This could be due to the per-
ceived nurse workload or from excessive cognitive burden that
limits the ability of clinicians to anticipate the BG if he or she
continued the current insulin dose or to predict the appropriate
insulin dose if change is indicated.26 Bedside clinician patient-
specific judgment based on history and the administration of
other medications may also contribute. More expansive future
analysis of which recommendations were accepted and re-
jected is likely to be revealing. eProtocol-insulin enabled a
preliminary understanding of the interaction between the
protocol and the bedside clinician.27,28 Our results argue

FIG. 2. Distribution of all blood glucose values in pedi-
atric intensive care unit for eProtocol-insulin versus clini-
cian titration (values from patients who met inclusion
criteria but did not receive insulin are also displayed for
reference).
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against the claim that CDS protocols alienate the clinician
from the patient interaction. Our results support the role of
CDS tools to augment, not to replace, clinical judgment and to
reduce cognitive workload.26,39

Our study has several limitations. Our cohort samples are
small, and we may have failed to detect clinically meaningful
differences in hypoglycemia rates. Detected rates of hypo-
glycemia will also be dependent on the overall number of BG
measurements per day. The clinician titrated group did not
have a prescribed protocol for BG measurements, whereas
eProtocol-insulin had explicit rules and recommendations.
During the first half of the study, patients were treated by
unaided clinician titration; during the second half, they were
treated with use of ePrtoocol-insulin and we were unable to
account for secular changes that may have influenced the
treatment of hyperglycemia with insulin. Clinical perspectives
regarding the best BG target also may have changed during the
study period. eProtocol-insulin allowed the BG target range to
be specified, whereas the clinician titration group did not.
eProtocol-insulin also employed the same calculations and
rules for insulin titration regardless of BG target range.

Despite the limitations cited earlier, the use of eProtocol-
insulin for the management of hyperglycemia in the PICU is
feasible, safe, and easily integrated into clinician work flow
as a stand-alone bedside CDS system.

Conclusions

The eProtocol-insulin CDS protocol was safe, performed
similarly to, and offered data collection advantages over
clinician titration of IV insulin. Compliance with eProtocol-
insulin recommendations was high, and bedside clinicians
perceived it favorably. Clinical research protocols and
quality improvement initiatives designed to determine pref-
erable BG targets should utilize detailed CDS protocols that
enable replicable clinician decisions.
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