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Abstract Objective: Aggressive gly-
cemic control improves mortality
and morbidity in critically ill adults,
however implementation of such a
strategy can be logistically difficult.
This study evaluates the efficiency
and safety of a nurse-managed insulin
protocol in critically ill adults.
Design: Combined retrospective-
prospective before-after cohort study.
Setting: Twenty-one bed, medical/
surgical ICU in a tertiary care hos-
pital. Patients: Two cohorts of 50
consecutive ICU patients requiring
insulin infusions. Intervention: Pa-
tients in the control cohort received
insulin infusions titrated according to
target blood glucose ranges and slid-
ing scales at the physician’s discre-
tion. Patients in the interventional
cohort received an insulin infusion
adjusted using a standardized proto-
col targeting a blood glucose of
4.5–6.1 mmol/l (81–110 mg/dl).
Measurements and main results: Ef-
ficiency was measured by comparing
the time to reach, and the time spent
within, the target range between co-

horts. Safety was assessed by com-
paring the incidence of severe hypo-
glycemia, the frequency of rescue
dextrose administration and the cu-
mulative time that the infusion was
held for hypoglycemia between co-
horts. Patients in the interventional
cohort reached their target more
rapidly (11.3€7.9 vs 16.4€12.6 h;
p=0.028) and maintained their blood
glucose within the target range longer
(11.5€3.7 vs 7.1€5.0 h/day; p<0.001)
than controls. The standardized pro-
tocol yielded a four-fold reduction in
the incidence of severe hypoglycemia
(4 vs 16%; p=0.046) and reduced the
median frequency of dextrose rescue
therapy (0 [0–0.91] vs 0.17 [0–1.2]
episodes/patient per day; p=0.01) as
compared to controls. Conclusion:
Standardization of intensive insulin
therapy improves the efficiency and
safety of glycemic control in criti-
cally ill adults.
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Introduction

Hyperglycemia in critically ill patients has been associ-
ated with an increased susceptibility to infection and
impaired immune response. Previously, hyperglycemia
was considered to be an appropriate response to stress,
however it is now being recognized as a predictor of
negative outcomes including mortality [1, 2, 3, 4]. Hy-
perglycemia in critically ill patients may be due to

increases in catecholamine production, hepatic gluconeo-
genesis, relative insulin resistance and iatrogenic factors
such as corticosteroid therapy and total parenteral nutri-
tion (TPN) [5, 6, 7].

Only within the last decade has it been suggested that
the hyperglycemia observed during stress may contribute
to the morbidity and mortality in the ICU [8]. Recently
Van den Berghe and colleagues reported the effect of
intensive insulin therapy in 1,548 surgical ICU patients
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requiring mechanical ventilation [9, 10]. They found a
42% relative reduction in ICU mortality (p=0.04) and a
20% relative reduction in the number of patients requiring
prolonged stays in the ICU (p=0.003). Supportive ther-
apies for organ failure as well as the risk of infectious and
neuromuscular complications were also reduced. Al-
though this was a single center study of primarily surgical
patients, the mortality and morbidity benefit observed
warrant the consideration of aggressive glucose control
for all ICU patients who experience hyperglycemia [1].

There are several obstacles to overcome before such a
therapy can be implemented outside the clinical trial
setting where specially trained study nurses and physi-
cians monitor it on a continuous basis. At our institution,
considerable heterogeneity in the prescribing patterns of
continuous insulin infusions exist with respect to both the
target blood glucose range and the insulin dose titration
scale. Following the publication of the Van den Berghe
study, attempts at more intensive insulin infusions result-
ed in frequent episodes of hypoglycemia requiring rescue
with intravenous dextrose infusions. Finally, physician
and nursing staff felt that the titration scales did not
adequately maintain serum glucose within the target
range. Since the role of tight glycemic control in the ICU
is increasingly recognized as an important and potentially
life-saving intervention, we developed and evaluated a
nurse-managed intensive insulin therapy protocol in a
prospective, pre-post intervention cohort study with
respect to efficiency, safety and nursing workload.

Methods

Study design and participants

This study was conducted in a 21-bed, mixed medical/surgical ICU
of a tertiary care teaching hospital where the nurse to patient ratio is
1:1 during most of a patient’s care. Approval for this study was
obtained from the Ottawa Hospital Research Ethics Board. Two
cohorts of 50 consecutive patients each requiring insulin infusions
for hyperglycemia were compared. Patients in the first cohort (the
control cohort) were prescribed “ad hoc” insulin infusions at the
discretion of the physician caring for the patient. As a result, the
target ranges for serum glucose and titration scales were not
standardized. Data in the control cohort were collected both
retrospectively and prospectively from June through November,
2002, and served as the control to which the interventional cohort
would be compared. Patients in the second cohort (the interven-
tional cohort) were prescribed insulin infusions using a standard-
ized protocol (Fig. 1).

Development of an intensive insulin therapy protocol

The protocol was developed with input from a variety of clinicians
including ICU nurses, clinical pharmacists, ICU physicians and
endocrinologists. The intent was that this protocol would replace all
“ad hoc” insulin infusions prescribed in the ICU unless it was
intended for the management of diabetic ketoacidosis or hyperos-
molar non-ketotic coma. The protocol was standardized with
respect to the target blood glucose (4.5–6.0 mmol/l [81–110 mg/dl])

and the patient’s nurse was responsible for interpreting trends in
blood glucose and titrating the insulin infusion according to the
titration scale in the protocol. All blood glucose measurements
were performed from capillary blood samples using the Accu-
Check Inform (Roche Diagnostics, Mannheim, Germany). The
frequency of glucose measurements decreased over time, in
accordance with the protocol, as insulin requirements stabilized
and large fluctuations in blood glucose became infrequent. Patients
in the interventional cohort who were not being fed upon initiation
of the insulin infusion received 200 g of dextrose per day by
intravenous infusion until enteral or parenteral nutrition was
initiated. The insulin infusion was held when blood glucose
dropped below 4.0 mmol/l (72 mg/dl) and the threshold for
dextrose “rescue” was set at a blood glucose of 2.5 mmol/l (45 mg/
dl). In comparison, the insulin infusions prescribed in the control
cohort were not standardized. The target range, frequency of blood
glucose measurement, threshold for hypoglycemic rescue with
dextrose and insulin infusion titration scale were prescribed at the
discretion of the primary physician. In both cohorts, the patient’s
primary physician determined the duration of therapy and no
patient was discharged from the ICU on an insulin infusion.

The two cohorts were separated temporally by a 1-month period
during which the ICU nursing staff, team physicians and clinical
pharmacists were trained in the use of a standardized intensive
insulin infusion protocol and educated on the goals of glycemic
control. Training was accomplished by a series of group in-services
and one-to-one discussions conducted by an ICU pharmacist
outlining the goals of both the trial and the intervention. One of the
study investigators was available to answer questions pertaining to
the protocol at least 5 days a week. After the training period, the
standardized protocol was implemented and all subsequent patients
admitted to the ICU who required a therapeutic intervention for the
management of hyperglycemia received intensive insulin therapy in
accordance with the protocol.

Data collection

The data collected for each patient were grouped into demographics
and end points related to glucose control, safety and nursing
workload. Demographic data consisted of reasons for admission,
therapeutic modalities (inotrope and mechanical ventilation re-
quirements, corticosteroid administration and need for TPN),
illness severity (APACHE II score) and the prevalence of comor-
bidities. Data with respect to glucose control, safety and nursing
workload were collected on a daily basis for the entire duration of
the insulin infusion. Glucose control was evaluated using baseline
blood glucose values obtained prior to initiating the insulin
infusion, the time taken to reach the target blood sugar, the lowest
and highest blood glucose each day and the time spent within the
target range. Patient safety was measured by recording the
cumulative time that the insulin infusion was held for hypoglyce-
mia and the number of times that the patient required an
intravenous “rescue” dose of dextrose for a blood glucose of less
than 2.5 mmol/l (45 mg/dl). Severe hypoglycemia was recorded as
blood glucose readings of less than 2.2 mmol/l (40 mg/dl) or if any
patient experienced any clinical symptoms of hypoglycemia (i.e.
tachycardia, diaphoresis, seizures, etc.) regardless of the blood
glucose concentration. Nursing compliance was measured by
recording the number of protocol violations observed, defined as
the number of times that the nurse intervened (i.e., adjusted the
insulin infusion) not in accordance with the protocol or the
prescribed titration scale. Nursing workload was indirectly mea-
sured by the frequency of blood glucose measurements performed.
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Fig. 1 Intensive insulin therapy protocol
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Statistical analysis

All continuous outcome variables were compared using the two-
sided Student’s t-test or the Mann-Whitney U test and the number
of times dextrose rescue was required for hypoglycemia was
compared using the chi-square statistic. Daily lowest and highest
blood glucose measurements were compared using an analysis of
variance for repeated measures. Probability values less than 0.05
were indicative of statistical significance. All statistics were
calculated using SPSS version 10.0.5 (SPSS, Chicago, IL).

Results

Data were analyzed from a total of 100 patients: 50 in
the control cohort and 50 in the interventional cohort.
Seventy-three percent of the 100 patients were admitted
to the ICU under a medical service with the most common
reasons for admission being septic shock and respiratory
failure. (Table 1) Almost all patients were mechanically
ventilated and more than half were administered corti-
costeroids during the time that they received their insulin
infusion. Approximately 70% of the patients had a
previous history of diabetes, of which more patients in
the control group required insulin therapy alone or in
combination with other oral antidiabetic agents prior to
admission.

There was significant heterogeneity among both the
target blood glucose ranges and titration scales prescribed
for patients in the control cohort. The targets ranged from
lower limits as low as 4.0 mmol/l (72 mg/dl) to upper
limits as high as 12 mmol/l (216 mg/dl). The width of
these targets also varied in size from 2 mmol/l (36 mg/dl)
to 6 mmol/l (108 mg/dl). The dextrose rescue adminis-
tration threshold was almost universally set at less than
4 mmol/l (72 mg/dl). For comparison, the target range in
the interventional cohort was almost always narrower
(4.5–6.0 mmol/l [81–110 mg/dl]).

Target glucose concentrations were achieved more
rapidly (11.3€7.9 vs 16.4€12.6 h; p=0.028) in the in-
terventional cohort than in the control cohort, respectively
(Table 2). The mean time spent within the target range
was significantly greater among patients in the interven-
tional cohort (11.5€3.7 h per day) than in the control
cohort (7.1€5.0 h per day; p<0.001) despite the fact that
the target range in the interventional cohort was narrower
(Fig. 2). The intensive insulin protocol was found to be
safe as evidenced by a four-fold reduction in patients
experiencing severe hypoglycemia in the interventional
cohort (4 vs 16%, p=0.046; Table 2). Fewer patients in
the interventional cohort required intravenous dextrose
“rescue” for hypoglycemia. However, the threshold for
dextrose administration was lower in this cohort. The
median number of hours that the insulin infusion was held
for hypoglycemia was also shorter in the interventional
cohort, however this did not reach statistical significance.
(Table 2) Regardless, no patient in either group experi-

enced any clinically significant adverse events due to
hypoglycemia (i.e., seizures, hemodynamic compromise).

The nursing workload was significantly increased, as
approximately 35% more glucose measurements were
required with the intensive insulin protocol (Table 2).
Furthermore, 50 consecutive patients received insulin via
the protocol in a 3 month period, whereas it took 6 months
to identify the same number of consecutive patients
receiving insulin infusions prior to the implementation of
the protocol. At the same time, nurses were less likely to
deviate from the protocol in the interventional cohort than
the prescribed titration scales in the control cohort.

Table 1 Baseline characteristics. The data are reported as either
median (range) or mean € standard deviation

Control group Intervention group

n=50 n=50

Demographics
Age (years) 63€15 62€13
Gender, male (%) 27 (54) 31 (62)
Weight (kg) 80€18 79€21

Admitting service (%)
Medical 35 (70) 38 (76)
Surgical 15 (30) 12 (24)

Reason for Admission
Respiratory failure 6 13
Cardiovascular event 3 3
Cerebrovascular event 8 0
Oncological emergency 1 0
GI bleed 2 2
Septic shock 12 17
Pneumonia 3 5
Other infection 2 3
Trauma 1 0
Cardiothoracic surgery 3 1
Abdominal surgery 5 4

Therapeutic modalities
Mechanical Ventilation (%) 47 (94) 50 (100)
Vasopressors (%) 19 (38) 24 (48)
Corticosteroids (%) 26 (52) 32 (64)
TPN (%) 19 (38) 12 (24)

Illness severity
APACHE II on admission 22.4€7.7 23.1€7.6
APACHE II at initiation of
insulin

20.4€8.0 20.7€7.1

Comorbidities
History of diabetes (%)

Treated with insulin 7 (14) 2 (4)
Treated with oral anti-
diabetic agents and/or
diet control

29 (58) 32 (64)

No diabetes 14 (28) 16 (32)
ESRD at baseline (%) 6 (12) 2 (4)
Creatinine clearance 49€28 56€30
Liver failure at baseline (%) 2 (4) 5 (10)
Infection (%) 41 (82) 45 (90)

Length of ICU stay (days) 9 10
ICU survival (%) 22 (44) 32 (64)

GI gastrointestinal, TPN total parenteral nutrition, ESRD end stage
renal disease
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Discussion

While the need for tighter glycemic control in critically ill
patients is increasingly being recognized by ICU clini-
cians, no universal tool has been identified to facilitate
intensive insulin therapy efficiently without compromis-
ing patient safety. Due to the nature of the intervention,
institutional protocols that standardize prescribing and
monitoring are the most appropriate strategy to ensure
that the maximum benefit of the therapy is realized while
ensuring patient safety [11]. At our institution, the need
for a protocol to guide the prescribing and monitoring
of insulin infusions was evident due to the significant

heterogeneity and dissatisfaction with the insulin infu-
sions being prescribed. In this study our protocol achieved
glycemic control more rapidly and improved the effi-
ciency of intensive insulin therapy by 62% (time [h/day]
spent within the target range: 7.1€5.0 [control] vs 11.5€
3.7 [intervention]) while improving patient safety. This
goal was achieved despite the fact that the target range in
the interventional cohort was narrower than those used in
the control cohort.

While the efficiency of such tools play a large role in
dictating their role in clinical practice, the driving force
for our institution in undertaking this study was improve
the safety of insulin infusions in the ICU. We were unable

Table 2 Primary and secondary
outcomes. The data are reported
as either median (range) or
mean € standard deviation

Control group Intervention group p value

n=50 n=50

Glucose Control
Baseline blood glucose (mmol/l) 14.0€4.4 12.4€4.2 0.102a

Duration of insulin therapy (days) 7.6€5.2 7.8€6.1 0.876a

Time to reach target blood glucose (h) 16.4€12.6 11.3€7.9 0.028a

Number of hours per day within the target range 7.1€5.0 11.5€3.7 <0.001a

Safety
Number of hours the infusion was held per
patient
per day for hypoglycemia, median (range)

1.3 (0�14.1) 0.8 (0�5.6) 0.09b

Number of patients experiencing severe hypo-
glycemia (<2.2 mmol/lc) (%)

8 (16) 2(4) 0.046d

Number of times D50 W rescue given per day,
median (range)

0.17 (0�1.2) 0 (0�0.91) 0.01b

Nursing compliance/workload
Number of protocol violations per day, median
(range)

0.5 (0�2.6) 0.1 (0�1.1) <0.001b

Number of glucose readings per day 8.3€3.0 11.3€2.7 <0.001a

a Students t-test
b Mann-Whitney U test
c Serum glucose values presented in mmol/l can be converted to mg/dl by dividing by 0.05551
d Chi-square test

Fig. 2 Highest and lowest daily
blood glucose readings.
a p=0.003 (repeated measures
analysis of variance), b p<0.001
(repeated measures analysis of
variance)
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to eliminate the incidence of hypoglycemia completely,
however this would be an unreasonable expectation of
critically ill patients, who have significant fluctuations in
metabolic and endocrine demands. Although the frequen-
cy of “rescue” doses of dextrose for hypoglycemia was
significantly less in the intervention group, it must be
recognized that the trigger for rescue therapy was
different between the two groups. While the trigger for
rescue therapy in the interventional cohort was a blood
glucose of less than 2.5 mmol/l (45 mg/dl), the trigger in
the control cohort was not standardized but was most
frequently 4.0 mmol/l (72 mg/dl). Therefore, in order to
have a better safety end point to compare between groups,
hypoglycemic events were characterized as being severe
using a lower threshold of less than 2.2 mmol/l (40 mg/dl)
below which patients can experience neurological man-
ifestations if hypoglycemia is prolonged [12].

Any hypoglycemic event whereby the patient experi-
enced any objective symptoms or signs of hypoglycemia
was classified as a severe hypoglycemic episode regard-
less of the serum glucose concentration. Sixteen percent
of patients in the control cohort versus 4.0% in the
interventional cohort had severe hypoglycemic events
defined as a blood glucose less than 2.2 mmol/l. For
comparison, 5.1% of patients in the study by Van den
Berghe et al. experienced severe hypoglycemia by the
same definition [9].

More diabetic patients in the control cohort required
insulin for the management of diabetes prior to admission
than those diabetics in the interventional cohort. It is
unclear how many, if any, of these patients were true
insulin-dependent diabetics. The concern with type I
diabetes and insulin infusions is that when the protocol
directs the nurse to interrupt the insulin infusion and
administer a rescue dose of dextrose for a hypoglycemic
reading, the true insulin-dependent diabetic will be unable
to utilize the extra glucose and may be at risk for adverse
events from intracellular hypoglycemia despite subse-
quent normoglycemic serum measurements. Although no
adverse events were observed as a result of hypoglycemia
in this study, our protocol mandates that intensive insulin
therapy is inappropriate for patients with diabetic keto-
acidosis or hyperosmolar, non-ketotic coma, and that true
type I diabetics should not have the insulin infusion
completely turned off during hypoglycemic episodes.

It is important to note that the population in this study
was a mixed medical/surgical ICU population, whereas
the population evaluated in the Van den Berghe et al.
study, from which the intensive insulin therapy protocol
was developed, was mainly a cardiac surgery population.
Although intensive insulin therapy has not been exten-
sively studied in critically ill medical patients, it has been
suggested that this therapy would be most beneficial to
surgical patients who have prolonged ICU lengths of stay
with septic complications [1]. Arguably, these patients no
longer represent the typical post-operative cardiac surgery

patient characterized by a short uncomplicated ICU
course. Surgical patients who stay in the ICU for longer
than 5 days often do so for the management of medical
complications (i.e., infection, ventilatory and fluid man-
agement, etc.). Therefore, it is reasonable to assume that
after 5 days in the ICU, the difference between a surgical
patient and a medical patient may be negligible in terms
of benefiting from tight glycemic control [1]. Although
studies evaluating the role of intensive insulin therapy in
critically ill medical patients are ongoing, it is difficult to
disregard the magnitude of benefit shown in the Van den
Berghe study with respect to mortality and morbidity.

Evidence-based protocol implementation has consid-
erably influenced the prescribing practices in the ICU
from ventilator management to titration of analgesia and
sedation [11]. Protocols have been consistently shown to
improve patient care, minimize unnecessary prescribing
variability and reduce healthcare costs. Although this
paper suggests that protocol implementation can improve
glycemic control in the ICU, it is important to recognize
that implementing a protocol alone can often be unsuc-
cessful. This intervention would have likely been inef-
fective without an elaborate supportive plan. This is
especially true with this protocol, as it significantly
increases nursing workload and involves a controversial
therapy.

In retrospect, the keys to successful implementation at
our institution consisted of several crucial elements.
Firstly, it was paramount that we had complete agreement
from prescribing physicians that this intervention was
worthwhile and would improve patient care, especially
since the purpose of this study was to evaluate efficiency
and safety, not efficacy. Secondly, and most importantly,
nursing acceptance was the greatest challenge since
clearly the institution of this protocol increases their
workload. Nurses were repeatedly approached for con-
structive criticism and their ideas for improvement. These
comments were evaluated and incorporated by a multi-
disciplinary team of physicians, nurses and pharmacists
who were responsible for the protocol development.
Finally, the prescribing physicians and nursing staff were
the first ones to be informed of the results of the trial,
which reinforced the value of the intervention and their
contributions to the protocol development. It is possible
that significant differences in the end points of this study
may not have been realized had the control group been
able to benefit from the same intensive educational and
support program as the interventional group. It is,
therefore, unlikely that simple protocol implementation
alone will reproduce the results described in this study.
This process will probably need to be individualized for
each institution attempting to institute this or a similar
protocol, but the key to successful implementation is the
early involvement of all affected parties.

One of the limitations of our study is that the use of
historical controls warrants special consideration in the
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interpretation of results. Secondly, the before-after cohort
design requires that a number of assumptions be made,
specifically that the patient populations are similar and
that no significant changes in practice other than the
intervention are made that would confound the results.
We did not identify any differences other than the fact
that a pre-printed order form made it much easier to
prescribe insulin infusions, leading to more frequent
prescribing. There was no significant difference between
the two cohorts in terms of severity of illness on
admission or therapeutic modalities required. There were
significantly more patients in the control cohort admitted
for cerebrovascular events (8 vs 0). There were no
significant changes in practice or studies that would
influence the efficiency or approach to glycemic control.
There was an observed difference in survival between the
two cohorts in favor of the intervention group (44%

survival in the control group vs 64% in the intervention
group), but the potential for statistical error given the
small sample size limits the interpretation of this obser-
vation. Survival was not one of the outcomes evaluated in
this study but this data is included out of interest, despite
the fact that no significant generalizations or conclusions
can be drawn.

Our results demonstrate that the use of an intensive
insulin therapy protocol improves the efficiency and
safety of insulin infusions at our hospital when compared
to prescriber-dependent sliding scale insulin infusion.
However, as with all protocols involving a complicated
intervention, the key to successful implementation is the
development of an educational and supportive program to
ensure that such therapies are used appropriately and that
the maximum benefit is realized.


