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Use of a Computerized Guideline for Glucose Regulation in the

Intensive Care Unit Improved Both Guideline Adherence and

Gl

ucose Regulation
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Abstract Objective: To measure the impact of a computerized guideline for glucose regulation in an ICU.
Design: A randomized, controlled trial with an off-on-off design.

Methods: We implemented a glucose regulation guideline in an intensive care unit in paper form during the first study
period. During the second period, the guideline was randomly applied in either paper or computerized form. In the
third period, the guideline was available only in paper form.

Measurements and results: We analyzed data for 484 patients. During the intervention period, the control group
included 54 patients and the computerized intervention group included 66 patients. The two guideline-related outcome
measures consisted of compliance with: (a) glucose measurement timing recommendations and (b) insulin dose advice.
We measured clinical impact as the proportion of time that glucose levels fell within target range. In the first (paper-
based) study period, 29.0% of samples occurred with optimal timing; during the second period, this increased to 35.5%
for paper-based and to 40.2% for computerized protocols. The third study period timeliness scores reverted to the first
period rates. Late (suboptimal) sampling occurred for 66% of glucose measurements in the first study period, for 42% of
paper-based and 28% of computer-based protocol samples in the second period, and for 50.0% of samples in the third
study period. In the first study period, insulin-dosing guideline compliance was 56.3%; in the second period, it was
64.2% for paper-based and 77.3% for computer-based protocols, and it fell to 42.4% in the third period. For the second
study period, the time that a patient’s glucose values fell within target range improved for both the control (52.9%) and
the computerized groups (54.2%) compared with the first study period (44.3%) and the third period (42.3%).

Conclusion: Implementing a computerized version of a guideline significantly improved timeliness of measurements
and glucose level regulation for critically ill patients compared with implementing a paper-based version of the

guideline.

® ] Am Med Inform Assoc. 2005;12:172-180. DOI 10.1197/jamia.M1598.

Introduction

Until the late 1990s, clinicians viewed stress hyperglycemia as
a beneficial defense mechanism of the human body.' Recent
scientific publications have underscored the importance of
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strict glycemic control in hospitalized patients.”® However,
in our institution’s intensive care unit (ICU), translation of
these recommendations into daily clinical practice proved dif-
ficult using conventional means. In response, we developed
a guideline for strictly regulating patients’ glucose levels.
The literature on clinical guidelines shows that adherence to
guidelines is often poor.”'* Therefore, one must develop
and implement mechanisms to improve guideline adher-
ence.” After other groups tested a number of approaches,
computer-based guideline implementation appears most
promising.’*"” Nevertheless, outcome studies on this topic
remain inconclusive.?’

The goal of improved glucose regulation provided an oppor-
tunity to study the impact of computer-based guideline im-
plementation. This problem matched Tierney’s criteria®' for
when medical informatics approaches can improve guideline
compliance—a common clinical problem with sufficiently
available data to apply an algorithm that calls for an explicit
clinical action that has a measurable outcome and an inter-
vention that does not require additional time from clinicians.

We implemented the guideline using Event Manager, an inte-

grated decision support module within our institution’s clin-
ical information system (CIS) (iMD-Soft; MetaVision, Tel
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Aviv, Israel). Event Manager notifies clinicians when a set
of predefined conditions are met. It is fully customizable
and can utilize multiple data set parameters to reduce the
frequency of false-positive alerts. Researchers hypothesized
that the computer-based guideline would improve nursing
staff’s responsiveness in measuring patient glucose levels
and improve the care delivered (correct insulin doses) in re-
sponse to the glucose levels. These results would cause pa-
tients” blood glucose levels to fall within the target range
(4.0-7.0 mmol/L) more often.

Methods

Setting

We conducted the study in an 18-bed medical/surgical ICU in
a teaching hospital (Onze Lieve Vrouwe Gasthuis Hospital,
Amsterdam, the Netherlands). This unit admits approxi-
mately 1,900 patients annually; approximately 1,100 of these
patients had recent cardiothoracic surgery. The medical staff
has sole direct supervisory responsibility for patients admit-
ted to the unit. This staff includes five permanent intensivists
and six intensive care fellows (who work for as long as two
years in the unit). A physician is always present on the unit.
The nursing staff consists of 93 nurses working in eight-
hour shifts. The patient-to-nurse ratio is normally 1:2 but
varies with the severity of the patient’s illness.

The hospital unit achieved full CIS implementation on April
1,2001. The staff uses the CIS to complete all patient charting
and documentation, such that no information has paper as its
primary storage mechanism. The system is connected to the
bedside monitor (Siemens SC8000; Siemens-Elema, Solna,
Sweden), the ventilator (Siemens Servo 300, Drager Evita II,
Dréger Evita IV; Drager, Liibeck, Germany), the medication
pumps (P1000; Alaris Medical, San Diego, CA), and the
Hospital Information System (HIS). Each bed is equipped
with a CIS workstation. Every patient room (containing two
beds) has an additional CIS workstation. The central desk
and the physicians’ room also contain workstations.

Prior to the study, health care workers performed glucose reg-
ulation ad hoc; “acceptable” glucose levels were between 10
and 12 mmol/L. The compelling and growing body of evi-
dence in the literature regarding the adverse effects of this
practice made it imperative to develop a guideline for strictly
regulating patient glucose levels. We analyzed existing guide-
lines, consensus methods, and published evidence to develop
the guideline. The guideline recommends the timing between
glucose measurements and the administration of insulin
doses. The guideline does so uniformly in both diabetic and
nondiabetic patients. Guideline activation occurs for any pa-
tient with an expected length of stay (LOS) longer than 24
hours and for all patients with a preexisting diagnosis of di-
abetes mellitus. Exclusion (or deactivation) criteria for guide-
line usage included induced hypothermia, administration
of glucose-insulin-potassium infusions, and normal eating.
The guideline could be reactivated when exclusion criteria
no longer applied. The nursing staff has responsibility for ex-
ecuting the guideline. Further details on the guideline and its
development are beyond the scope of this article (Figure 1
shows the first page of the guideline).

To prevent disparities caused by different glucose measuring
methods (laboratory versus handheld devices, whole blood

sampling versus plasma sampling), clinical staff performed
all measurements with the Accu-check, a handheld glucose
measurement device. The laboratory computer interface con-
veys Accu-check results to the CIS. Consequently, the CIS can
display and process all values directly after their measure-
ment with a maximum delay, introduced by the interface, of
1 minute. The Institutional Ethics Committee reviewed the
study protocol. The committee waived requirements for in-
formed consent because the study involved different methods
of introducing the same guideline for the same treatment in
all study groups.

Study Design

The study included three distinct periods with an off-on-off
design. The design allows for estimation of bias through
crossover and learning effects. After extensive training and
the initial introduction of the guideline, there was a two-
week prestudy period (with no data collection). During this
period, researchers fine-tuned the guideline, and staff con-
tinued to familiarize themselves with the new guideline.
The actual first study period then lasted six weeks and in-
volved continued use of the paper-based guideline (paper im-
plementation group [group A]). A ten-week second study
period followed during which patients were randomly as-
signed to either the computerized- or the paper-based version
of the guideline (computerized [B1] and control [B2] groups,
respectively). During the third and final four-week study
period, treatment reverted to paper-based guideline utiliza-
tion (postintervention group [group C]). Additionally, we col-
lected data over an eight-week period directly prior to the
guideline introduction. These data provided baseline charac-
teristics for the level of glucose measurements (preimple-
mentation period [group R]). The duration of the third
(postintervention) study period was limited because the
study was performed as part of a master’s thesis project.

Study Population

During the second study (intervention) period, all patients
admitted to the ICU were randomly assigned to a study
group based on their “internal” patient number. The CIS au-
tomatically generates the number, which is not visible to the
user. Researchers did not reveal the randomization method
to the staff. Only after a patient was admitted to the CIS
would the study group (paper-based vs. computerized guide-
line utilization) be displayed. Authors only used data from
those patients and periods when the guideline was activated
for study analyses (see activation and exclusion criteria in the
Setting section).

Intervention

During the second study period, clinicians treating patients
randomized to the computerized group (B1) received guide-
line-based advice via the CIS decision support software
module (Event Manager) and a custom-made Visual Basic
application integrated within the CIS. The application dis-
played glucose and insulin data and suggested current treat-
ment and the interval to the next glucose measurement
(Fig. 2). During this study period, for the intervention group
(B1) the Event Manager continuously ensured that guideline
activation occurred for eligible patients (based on physiolog-
ical data within the system). These data included LOS, venti-
lation status, and body temperature (LOS was monitored
because this was the main inclusion criterion; other exclusion
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Figure 1. Sample guideline segment (page 1 of 4).
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Figure 2. Automated guideline advice.

criteria were ventilation status to exclude that patients were
eating and body temperature to exclude hypothermia). The
Event Manager also monitored the time interval between
glucose measurements and alerted the staff if a measure-
ment was overdue. Furthermore, the Event Manager checked
whether guideline-based insulin infusion rate changes oc-
curred properly. For group B1, each noncompliant event trig-
gered a pop-up window to appear on top of the active CIS
screen, alerting clinical staff members. This window appeared
on bedside workstations and at any workstation where the
patient’s record was activated. (Fig. 3). If the staff took no ac-
tion, the alert would again pop up within a few minutes. For
patients in the control group (B2), treatment was based solely
on the paper-based version of the guideline, a four-page flow-
chart that directs the nurse to the relevant guideline advice.
No automated support from the CIS was given in any form.
A copy of the guideline was available at every workstation
and on the unit’s Intranet.

The CIS automatically collected and processed all study data.
To do so, the CIS utilized interfaces with the laboratory (as
part of the HIS), the vital signs monitor, mechanical ventilator
data, and medication infusion pump data.

For the third study period (postintervention) group (C), com-
puterized implementation of the guideline was discontinued,
and we blocked end-user access to computer-based guide-
line-related data. Clinical staff treated all patients in this
group using the paper guideline in a manner similar to that
of the first study period.

Data Collection and Analysis

After the third study period, an automated script retrieved all
relevant data from the MetaVision database. To determine ad-
herence to the time (of glucose measurement) advice of the
guideline, we verified the time at which a sample was taken,
calculated the guideline-recommended time interval to the
next measurement, and then compared this interval with
the actual time interval.

The recommended interval between measurements could
range from 15 to 180 minutes depending on the patient’s mea-
sured glucose level and its rate of change since the last mea-
surement. Therefore, the study calculated the deviation
between advised and actual measurement times as the per-
centage and minutes of elapsed time between measurements
compared with the advice. A deviation of 5% was allowed,
with a minimum of 2 minutes, before a measurement was
considered to be taken too early or too late. We determined
adherence to the advised insulin infusion rate by retrieving
the actual insulin infusion rates along with the rate recom-
mended by the guideline.

To assess the guideline’s impact on glucose regulation, we
calculated the amount of time that patients’ glucose levels
fell within predefined ranges using the trapezoidal rule, as-
suming a linear progression between two measurements.”
Based on clinical relevance, we chose to measure the amount
of time glucose measurements fell within the target range and
not the number of measurements (data points) that fell within
the target range. The time between measurements differed
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Figure 3. Event alerting the staff to the late glucose measurement.
Table 1 m Description of Study Population
Intervention Period
Group B
Total Pre-impl. Paper impl. Computerized Control Postintervention
Group Group R Group A (B1) (B2) Group C
No. of patients 484 225 66 54 23
Mean age, 67 =13 67 = 12 68 = 12 65 + 13 65 + 14 66 = 13
yr (SD)
Gender male (%) 298 (62) 132 (59) 71 (61) 45 (68) 36 (67) 14 (60)
APACHE 1I (SD) 203 = 7.7 20 =78 20.7 £ 7.2 195 +74 21.6 = 8.8 203 =6
SAPS 1II (SD) 41.7 = 17 40.2 = 16.1 439 = 16.1 414 + 189 43.3 = 19.5 43 + 18.6
Preexisting DM, % 25.2 18.0 424 38.8 39.0
LOS (SD) 44 =7 4.8 =85 4.6 * 6.1 3.6 £ 5.1 3.7 = 5.1 3.7 39
Surgical patients (%) 321 (66.3) 148 (65.7) 72 (62.1) 47 (71.2) 39 (72.2) 15 (65.2)

Pre-impl. = preimplementation period; Paper impl. = period in which the guideline was only available in its paper form; APACHE II = average
Acute Physiology, Age, and Chronic Health Evaluation II score; SAPS II = average Simplified Acute Physiology Score II; Preexisting
DM = percentage of admitted patients with preexisting diabetes, irrespective of type; LOS = length of stay in Intensive Care Unit (days).

significantly (as determined by the guideline). The recom-
mended time between measurements in the lowest glucose
range (hypoglycemia) was 15 minutes; in the normal and
high ranges, it was two or three hours. The guideline calls
for oversampling when lower glucose values occur (for pa-
tient safety because hypoglycemia is potentially harmful),
so that any analysis of “glucose control” based on data points
being weighted equally (independent of timing) would skew
the results because more low than normal or high values
would be obtained per protocol.

We used Student’s t-test, nonparametric tests, and analysis of

proportions and their differences. Because the data for the
glucose measurements were not normally distributed, we

performed log transformation before statistical analysis.
Results include 95% confidence intervals (CIs) for the values.

Results

During the study, all patients were treated by the same group
of clinicians. No changes in staff composition occurred during
the study. We analyzed data for 484 patients. Of these, 120 pa-
tients were enrolled during the second study period (inter-
vention period), with 66 in the computerized group (B1)
and 54 in the control group (B2). Basic patient characteristics
appear in Table 1, including patients” Acute Physiology, Age,
and Chronic Health Evaluation II and Simplified Acute
Physiology I1**** scores (taken as indicators of severity of
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Table 2 m Adherence to the Guideline for the Percentage of Samples Taken Too Early/On Time/Too Late

Total No. of Samples

No. of Samples
On Time (%)

Too Early (%) Too Late (%)

A. Paper implementation 4,634
B. Intervention period 4,949
B1. Computerized 2,352
B2. Control 2,597
C. Postintervention 1,154

36.36 28.98 34.66
33.87 37.75 28.39
34.31 40.18 25.51
33.46 35.54 31.00
30.07 40.99 28.94

Table 3 m Deviation from the Suggested Time Interval between Measurements, the Quantity of Time a
Measurement Was Taken Too Early/Late Expressed as Percentage

Quantity of Time

Total No. of Too Early Too Late Too Late Quantity of Time
Samples % (SD) % (SD) Average in Minutes (SD)
A. Paper implementation 4,634 36.90 (32.7) 66.60 (152.5) 71.46 (164.7)
B. Intervention period 4,949 28.39 (29.1) 35.76 (101.2) 36.06 (128.9)
B1. Computerized 2,352 27.80 (28.8) 28.10 (103.3) 27.95 (118.3)
B2. Control 2,597 28.90 (29.3) 41.90 (99.1) 42.49 (139.5)
C. Postintervention 1,154 33.20 (31.2) 50.00 (87.9) 52.95 (95.2)

illness and the degree of physiological derangements). We
found no significant differences among the groups, except
for the prevalence of preexisting diabetes mellitus (see
Discussion).

Adherence to Instructed Time between Glucose
Measurements

The frequency of “compliant” glucose measurement timing
(measurement taken within time frame dictated by the guide-
line) improved significantly between the first study (paper
implementation) period (A) and the second study (interven-
tion) period (B) (29% vs. 38% observed difference of 8.8
with a 95% CI of 6.9-11) (Table 2). During the second (inter-
vention) study period, the computerized group (B1) showed
a significantly better timing adherence than the control group
(B2) (40% vs. 36% observed difference of 4.6 with a 95% CI of
2.0-7.4). During the third (postintervention) study period (C),
the number of samples taken on time remained at the level of
the computerized group (B1) (41% vs. 40%).

The number of samples taken too late decreased from 35% in
the first study (paper implementation) period (A) to 28% dur-
ing the second (intervention) period (B) (observed difference
of 6.3 with a 95% CI of 4.4-8.1). Within the second (interven-
tion) period, the computerized group showed a significantly
better rate compared with the control group (26% vs. 31% ob-
served difference of 5.5 with a 95% CI of 3.0-8.0). During both
the third (postintervention) period (C) and the second (inter-
vention) period (B), comparable numbers of samples were
taken too late (29% and 28%, respectively). The computerized
group’s (B1) performance was slightly lower than the 29%, at
26% (observed difference of 3.4 with a 95% CI of 0.28-6.6).
When samples were taken too late, the deviation from the ad-
vised time interval dropped from 67% in the first study (pa-
per) group (A) to 36% in the second study (intervention)
period (B) (difference between sample means of 31 with
a 95% CI of 29-33). The computerized group (B1) did signif-
icantly better than the control group (B2) (28% vs. 42% ob-

served difference between sample means of 14 with a 95%
CI of 11-16). During the third (postintervention) period (C),
results deviated from the advised time interval more (50%)
compared with the 36% rate for the second (intervention)
period (B) (Table 3).

Adherence to Dose Advice

During the second (intervention) period (B), adherence to the
insulin advice increased significantly to 70% as compared
with the first (paper) implementation period (A) at 56%
(Table 4). The computerized group (B1) followed the recom-
mended insulin dose recommendations more closely than
the paper-based control group (B2) (77% vs. 64% observed
difference of 13.10 with a 95% CI of 11-16). During the third
study (postintervention) period (C), compliance with advice
fell to 42%.

Effect of Guideline on Patient Glucose Homeostasis
The linear percentage of time that patients” glucose levels fell
within the target range (4.0-7.0 mmol/L) before guideline im-
plementation (R) was 22% (Table 5 and Fig. 4). After guideline
implementation, this increased to 44% during the first (paper
implementation) study period (A) (observed difference of
22.2 with a 95% CI of 22.1-22.3). The second (intervention) pe-
riod (B) also improved to 53% (compared with group A, ob-
served difference of 10.3 with a 95% CI of 10.1-10.5). The
difference between the computerized (B1) and control (B2)

Table 4 m Adherence to the Insulin Advice

Total No. of Insulin Advice

Samples Followed (%)
A. Paper implementation 4,634 56.3
B. Intervention period 4,949 70.4
B1. Computerized 2,352 77.3
B2. Control 2,597 64.2
C. Postintervention 1,154 424
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Table 5 m Time Spent within Each Range per Period in Percentage of Time

Total Time <25 2.5-4 4-7 7-8.5 >8.5
R. Preimplementation 1,273,751 0.07% 0.54% 22.04% 30.35% 47.00%
A. Paper implementation 835,414 0.05% 1.06% 44.25% 27.91% 26.73%
B. Intervention period 591,342 0.07% 1.30% 54.55% 27.09% 18.00%
B1. Computerized 272,939 0.09% 1.28% 54.20% 26.64% 17.79%
B2. Control 318,403 0.05% 1.32% 52.90% 27.53% 18.21%
C. Post intervention 142,861 0.10% 1.23% 42.29% 29.42% 26.95%

<2.5 = cumulative time during each study period with glucose <2.5 mmol/L; 2.5-4 = cumulative time during each study period with glucose
between 2.5 and 4 mmol/L; 4-7 = cumulative time during each study period with glucose between 4 and 7 mmol/L; 7-8.5 = cumulative time
during each study period with glucose between 7 and 8.5 mmol/L; >8.5 = cumulative time during each study period with glucose >8.5 mmol/L.
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implem entation implementation

Control group

Intervention group  Post-intervention
group

Figure 4. Time patients’ glucose levels spend in predefined ranges (mmol/L).

groups, although still significant, was small (54.2% vs. 52.9%
observed difference of 1.3 with a 95% CI of 1.0-1.56). For the
third period (postintervention) group (C), the time spent in
the target range dropped significantly to the lowest level of
the three study periods (42%) (compared with group B,
with 53% in the target range, an observed difference of 12.3
with a 95% CI of 12.0-12.5).

Discussion

Unfortunately, adherence to guidelines is low,” '* despite ev-
idence that guidelines can improve the quality of care.”>*” A
number of reasons for this have been documented, such as
poor dissemination of guidelines,” a lack of agreement con-
cerning the content of a guicleline,29 and a low outcome ex-
pectancy by clinicians.”® Computerizing the guidelines
seems to be one of the most promising methods,*"** but stud-
ies on this subject are still inconclusive.*

The increasing evidence that stress hyperglycemia is harmful
for critically ill patients has created an interest in glucose
management in intensive care medicine.'™® The current study
demonstrates that guideline adherence can be considerably
improved over no guidelines or paper-based guidelines
through using a computerized version of the guideline,
even in complex environments such as the ICU. Clinical staff
using the computer-based version of the guideline showed
significantly improved adherence with respect to the timing

of glucose measurements and with dosing of insulin; conse-
quently, they improved the glucose regulation in their ICU
patients. Implementation of the paper guideline significantly
improved the linear time that the patients’ glucose levels fell
within the normal range, from 22% to 44%. Both the control
(B2) and the computerized (B1) groups improved, with the
time spent in the normal range increasing to 53% and 54%, re-
spectively. Although this difference between the control (B2)
and intervention (B1) groups is statistically significant, it is
too small to be clinically significant.

Limitations of the Current Study

Because both the control and computerized groups in the sec-
ond study period displayed substantial and similar improve-
ments, we hypothesized that a learning effect might have
occurred. However, analysis of the data for the ten weeks re-
vealed comparable glucose levels throughout the study pe-
riod with very similar glucose levels between the groups
(Fig. 5). This is not compatible with a learning effect in which
an initial difference between the groups would be followed
by convergence of the curves combined with improved glu-
cose levels. The immediate drop in time spent within the nor-
mal range for the postintervention group (C) to 42% indicates
that the effect seen in the control group is most likely a cross-
over effect. Although the data on the adherence to the timing
of the measurements do not support this assumption, the
adherence to the insulin advice does support it. We did not
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Figure 5 Mean value of logl0 glucose during interven-
tion period (green: B1, computerized group; red: B2, control
group).

expect the crossover effect from the computerized to the con-
trol groups, and the exact reasons for this effect are not clear.
A partial explanation might be the combination of the ran-
domization method and the method of work assignment for
the nursing staff. As a result of randomization, the patients
in the intervention group were spread over the unit. When
a nurse was assigned to take care of two patients in one
room, one within the computerized group and one in the con-
trol group, the reminders provided to the nurse for the patient
in the computerized group are likely to have had an effect on
the glucose regulation for the patient in the control group. A
different method of randomization, e.g., based on the bed and
room where patients were admitted, might have prevented
this effect but would have created a serious bias. In such a
situation, the nursing staff might have developed prefer-
ences for the rooms where they worked, resulting in a select
group of staff members working with either the control or
computerized tool.

Of note, more patients in groups B and C had a preexisting
diagnosis of diabetes mellitus; this might have occurred be-
cause diabetes mellitus was an inclusion criterion for guide-
line utilization. It is not clear why this was not the case in
group A, nor can it be explained why the adherence to the in-
sulin advice in the postintervention period (C) dropped even
below the results for the paper implementation period (A).

Although the guideline significantly improved glucose man-
agement, a large proportion of the patients’ glucose levels still
remained outside the normal range. Further analysis is
required regarding how to improve the guideline. A study
that compares the efficacy of a new guideline between paper
and computerized forms, shortly after the development and
introduction of the guideline, is threatened by several meth-
odological weaknesses. To prevent these, we employed a strict
path in relation to the research design. First, we developed
and tested the new guideline. The authors postponed guide-

line implementation several times until the complete senior
medical staff agreed with the guideline’s content. In prepara-
tion for the implementation, we trained the complete medical
and nursing staff. For a number of weeks, the authors gave
clinical presentations on a daily basis. Additionally, we ap-
proached staff members in person to ensure that everyone
was familiar with the guideline before initiating its use.
During the implementation, we gave constant attention to
the staff and monitored the guideline results.

Because the study involved the simultaneous comparison of
two implementation methods, carryover and/or learning ef-
fects were possible. We selected an off-on-off design to allow
for pre- and posttests to measure the effects of the interven-
tion in the experimental group and the directions of any asso-
ciations.”® Because the intervention’s randomized allocation
had been automatic, intervention removal could be con-
ducted without informing the staff. This minimized a possible
bias caused by drawing attention to the intervention’s ab-
sence. Both randomization and data collection were done au-
tomatically; this minimized the amount of interference with
the staff in relation to the experiment.

Because the study was performed as part of a master’s thesis
with a time deadline, the time for the postintervention group
had to be relatively short compared with the other groups.
This does, to a certain extent, limit the conclusions that can
be drawn from these data.

This study shows that guideline implementation and its sub-
sequent computerization were successful. In light of the num-
ber of unsuccessful attempts reported in other studies, it is
important to reflect on why this specific attempt succeeded.
To begin with, the problem targeted in this study does match
the criteria as specified by Tierney summarizing when one
should focus efforts on reinforcing compliance with guide-
lines with the help of medical informatics.'® Furthermore,
we fully integrated the computerized guideline in the CIS
and work flow of the unit. Previous studies report a lack of
system integration in the clinical work flow as one of the
main obstacles in achieving positive results.>*>’

A computerized guideline as an integrated part of a com-
mercially available CIS significantly improved the imple-
mentation of and adherence to a guideline for glucose
management in a critical care setting and subsequently im-
proved the glucose regulation for critically ill patients.
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