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INTROduCTION The incidence of hypergly‑
cemia in the intensive care unit (ICU) ranges 
from 20–90%.1‑3 However , based on the find‑
ings of prospective observational cohort stud‑
ies4,5 and randomized clinical trials1,6‑9 the utility 

of tight glucose control remains controversial. 
In a landmark trial, Van den Berghe1 random‑
ized 1548 critically ill patients (mostly cardiac 
surgical) to receive either intensive insulin ther‑
apy or conventional insulin therapy. Compared 
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AbsTRACT

INTROduCTION The benefits, harms and feasibility of intensive insulin therapy in critically ill patients 
remain unclear. Several single center studies have attempted to demonstrate the benefit of intensive 
insulin therapy in critically ill patients with variable results.
ObjECTIvEs  We conducted a pilot randomized trial to assess the feasibility, safety and clinical out‑
comes of preprinted glucose management algorithms before the initiation of a large multicenter trial. 
PATIENTs ANd mEThOds  Within 48 hours of admission  to  the  intensive care unit, we  random‑
ized  mechanically  ventilated  patients  to  either  the  “high”  group  (target  serum  glucose  con‑
centration 9–11 mmol/l) or  the “low” group  (target serum glucose concentration 5–7 mmol/l). 
To assess  feasibility we measured  the  time  to  reach  target glucose  range,  time  in  target  range, 
morning glucose concentrations, average daily glucose concentrations, and number of cross‑
overs.  To  assess  safety,  we  measured  the  number  of  hypoglycemic  events  (serum  glu‑
cose  <2.2  mmol/l),  and  other  serious  adverse  events  such  as  cardiac  arrests  and  seizures. 
REsuLTs  Sixty‑eight patients were enrolled (35 in the high group and 33 in the low group). During 
the first week, the median proportions of time spent in the target range were 35.7% and 53.0% for the high 
and low groups, respectlively (p = 0.0001). Morning glucose concentrations were 8.3 ±1.6 mmol/l 
and 6.2 ±1.2 mmol/l. One (2.9%) and 8 (24.2%) episodes of hypoglycemia (<2.2 mmol/l) occurred 
in the high and low groups, reflecting 0.002 and 0.03 hypoglycemic events per patient‑day, respectlively. 
CONCLusIONs  This pilot trial of intensive insulin therapy identified numerous challenges that helped 
in the preparation of an inter national multicenter randomized trial of intensive insulin therapy to evalu‑
ate benefits and harms.
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paper‑based glucose management algorithms 
in anticipation of a multicenter trial of glucose 
control in critically ill populations. To assess fea‑
sibility, we measured the time to reach target glu‑
cose range, time in target range, mean morning 
glucose concentrations, mean daily glucose con‑
centrations, and number of crossovers. Second, 
to assess safety, we recorded hypoglycemic events 
(blood glucose <2.2 mmol/l), and serious adverse 
events such as cardiac arrests and seizures. Third, 
to assess clinical outcomes we recorded mortal‑
ity (both in ICU and in hospital), length of ICU 
stay, need for renal replacement therapy, and in‑
cidence of bacteremia.

study population We chose a convenience sam‑
ple of 65 patients and estimated that we would 
require 24 months to enroll this number of pa‑
tients in a single study center. Patients were con‑
sidered for enrollment if they were ≥16 years old 
and had been admitted to the ICU within the last 
48 hours. Exclusion criteria were lack of informed 
consent, pregnancy, severe head injury (Glasgow 
Coma Score <8 at the time of hospital admission), 
fulminant hepatic failure (as defined by the King’s 
College criteria)18, enrollment in another inter‑
ventional trial, a clinical situation where thera‑
peutic hyperglycemia may be indicated (e.g. ace‑
tylsalicylic acid overdose), myocardial infarction/
ischemia as the reason for this hospital admission, 
or history of insulin‑dependent diabetes. Patients 
not expected to be in the ICU for more than 24 h 
(due to imminent death, withdrawal of life support, 
or discharge) were also excluded (FIGuRE).

The SUGAR (Survival Using Glucose Algorithm 
Regulation) pilot trial was a single center study 
involving human subjects. The trial protocol 
was approved by the Institutional Review Board 
at the Vancouver Hospital and Health Sciences 
Centre. Informed consent was obtained for eli‑
gible patients or legal proxy decision makers be‑
fore enrollment.

Intervention After obtaining informed consent 
from the patient or their surrogate, patients 
were allocated to groups by a computerized ran‑
dom number generator. Allocation arm was re‑
corded in sealed, opaque envelopes, which were 
opened by a hospital staff member who was not 
one of the study investigators. Patients were ran‑
domized to receive an insulin regimen to control 
blood glucose concentrations in one of two spec‑
ified ranges, controlled by the bedside nurse us‑
ing a preprinted algorithm. Patients randomized 
to conventional insulin therapy (“high” group) 
had a target glucose concentration of 9–11 mmol/l 
while those randomized to intensive insulin ther‑
apy (“low” group) had a target glucose concentra‑
tion of 5–7 mmol/l. After enrollment of 14 pa‑
tients, we found that the glucose concentrations 
in the low group were higher than the desired 
range; therefore, for the last 18 patients in this 
group, we revised the algorithm to achieve a tar‑
get glucose concentration of 4–6 mmol/l.

to the conventional group, hospital mortality 
in the intensive insulin therapy group was reduced 
by 3.4%, and by 9.6% among the subset of pa‑
tients who spent >5 days in the ICU. These inves‑
tigators conducted a second study of intensive in‑
sulin therapy in critically ill medical patients6 and 
found no difference in hospital mortality between 
the two groups. After adjustment for baseline im‑
balances, intensive insulin therapy was associat‑
ed with a trend toward lower mortality (p = 0.05). 
However, in an a priori subgroup of patients treat‑
ed in the ICU for ≥3 days, there was a significant 
reduction in mortality (p <0.001).6

The German Competence Sepsis Network 
(VISEP trial)7 found no difference in 28 day 
(21.9% vs. 21.6%, p = 1.0) and 90 day mortali‑
ty (32.8% vs. 29.5%, p = 0.43) but an increased 
risk of hypoglycemia (12.1% vs. 2.1%) in the in‑
tensive insulin group vs. control group. In the ab‑
sence of a mortality benefit, the trial was discon‑
tinued early after enrolling 488 patients after 
a safety analysis.

Similarly, the Glucontrol study was discontin‑
ued after the first inter im analysis due to futil‑
ity.8,9 This trial was designed to enroll 3500 pa‑
tients, but was stopped in May 2006 after 1101 
patients in 21 ICUs had completed the study, be‑
cause of the occurrence of adverse events in pa‑
tients randomized to intensive insulin therapy. Se‑
vere hypoglycemia (defined as a blood glucose con‑
centration of less than 40 mg/dl or 2.2 mmol/l) 
occurred in 8.6% of the intensive insulin ther‑
apy group compared with only 2.4% (p <0.001) 
in the less strictly controlled group. Multivari‑
ate analysis confirmed that aggressive blood glu‑
cose targets significantly increased the risk of hy‑
poglycemia. However, there was no difference 
in all‑cause mortality (17% vs. 15%, p = nonsig‑
nificant) between groups and the risk of death 
was not increased in patients who experienced 
severe hypoglycemia.

Numerous authors10‑15 have called for trials 
involving more diverse populations, and better 
understanding of the role of nutritional strat‑
egies, glucose exposure, and the effect of large 
insulin doses. A recently published editorial16 
states “tight glycemic control recommendations 
are grade C at present” and that further random‑
ized trials are required. A recent meta‑analysis 
of 8432 randomized trials showed no effect of in‑
tensive insulin therapy on mortality in critical‑
ly ill patients.17 In this pilot randomized trial, 
we assessed the feasibility and safety of inten‑
sive insulin therapy, in preparation for a multi‑
center prospective trial of intensive insulin ther‑
apy that was designed to evaluate potential ben‑
efits and harms in a mixed medical/surgical ICU 
population.

PATIENTs ANd mEThOds Three overall aims  
We had three overall aims for this pilot trial: 
to evaluate feasibility, safety and clinical out‑
comes. This pilot trial was specifically under‑
taken to evaluate the feasibility of preprinted 
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the last 18 patients in the low group, a contin‑
uous intravenous infusion of insulin (50 IU Hu‑
mulin R in 50 ml of 0.9% sodium chloride) was 
started if the glucose concentration exceeded 
6.0 mmol/l and the infusion rate was adjusted 
to maintain the glucose concentration between 
4.0–6.0 mmol/l. If, without insulin, the glucose 
concentration was <4.0 mmol/l, intravenous dex‑
trose was not administered unless serum glu‑
cose concentrations fell below 2.5 mmol/l. For 
the analysis, all of the low group patients were 
treated as one group.

Blood samples were taken from arterial cath‑
eters. Adjustments to the insulin dose were 
made based on the values from bedside glucose 
measurement devices (Accu‑Chek, Boehringer‑

‑Mannheim, Laval, PQ, Canada) on undiluted 
arterial blood done initially at hourly inter vals. 
The frequency of blood glucose measurements 
was determined by a predefined algorithm that 
depended on insulin dose and the current mea‑
surement. If these concentrations were within 
the assigned range, glucose concentrations were 
measured less frequently than if they were either 
above or below the target range. Before this pilot 
trial began, bedside nurses and physicians were 
formally trained in the use of the insulin regi‑
mens by a Research Coordinator.

After discharge from the ICU, blood glucose 
management occurred at the discretion of the pa‑
tients’ attending physician.

In the high group, a continuous intravenous 
infusion of insulin (50 IU Humulin R in 50 ml 
of 0.9% sodium chloride) was started if the blood 
glucose concentration exceeded 11.0 mmol/l. 
The infusion rate was adjusted to keep the blood 
glucose concentration less than 11.0 mmol/l and 
titrated when needed to maintain the glucose 
concentration between 9–11 mmol/l. If, without 
insulin, the patient’s glucose concentration was 
<9.0 mmol/l, intravenous dextrose was not admin‑
istered unless serum glucose concentrations fell 
below 4.0 mmol/l. Initially, in the low group, a con‑
tinuous intravenous infusion of insulin (50 IU Hu‑
mulin R in 50 ml of 0.9% sodium chloride) was 
started if the blood glucose concentration exceed‑
ed 7.0 mmol/l and the infusion rate was adjusted 
to maintain the glucose concentration between 
5.0–7.0 mmol/l. If, without insulin, the glucose 
concentration was <5.0 mmol/l, intravenous dex‑
trose was not administered unless serum glucose 
concentrations fell below 3.5 mmol/l.

Initially, in the low group, a continuous in‑
travenous infusion of insulin (50 IU Humulin 
R in 50 ml of 0.9% sodium chloride) was start‑
ed if the blood glucose concentration exceed‑
ed 7.0 mmol/l and the infusion rate was adjust‑
ed to maintain the glucose concentration between 
5.0–7.0 mmol/l. If, without insulin, the glucose 
concentration was <5.0 mmol/l, intravenous dex‑
trose was not administered unless serum glu‑
cose concentrations fell below 3.5 mmol/l. For 
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significant differences with the Student’s t‑test, 
the Mann‑Whitney U test, or the χ2 test, as ap‑
propriate. We compared mortality rates in the two 
groups using relative risk and 95% confidence 
inter vals. We used repeated measures ANOVA 
to analyze differences in the daily caloric intake 
between the two groups.

REsuLTs study population Between Septem‑
ber 2002 and September 2004, 1170 patients 
were screened and 329 patients met inclusion 
criteria. Of these, 102 patient surrogates refused 
consent and 159 were excluded for other reasons. 
Therefore, 68 patients were enrolled and ran‑
domized to the high or low groups; 35 patients 
were assigned to a target glucose concentration 
of 9–11 mmol/l (high group), and 33 were as‑
signed to the low group (14 to be maintained be‑
tween 5 and 7 mmol/l, and subsequently 19 to be 
maintained between 4–6 mmol/l; FIGuRE). One pa‑
tient in the low group withdrew consent before 
the trial inter vention began. All remaining 67 pa‑
tients were included in the intention‑to‑treat 
analyses. There were no differences between 
the groups in any of the recorded baseline char‑
acteristics (TAbLE 1).

Feasibility: glucose control and insulin use  
The high group spent 24.6% of the study period 
within, 62.5% below, and 12.9% above the tar‑
geted glucose range (TAbLE 2). The low group 
spent 56.3% of study time within, 9.7% below, 
and 34.1% above the targeted glucose range. 
In the first 7 days, the high group spent less 
time in their target range (a median of 35.7% 
of the time vs. 53.0% in the low group; p = 
0.0001). The mean morning glucose concentra‑
tion was significantly higher in the high group 
than the low group (8.3 mmol/l vs. 6.2 mmol/l, 

data collection and outcome measures Upon en‑
rollment, we recorded detailed demographic in‑
formation including age, sex, admission diagno‑
sis, co‑morbidities, and Acute Physiology and 
Chronic Health Evaluation (APACHE II) score dur‑
ing the first 24 hours of ICU admission. We doc‑
umented dates of admission to and discharge 
from the ICU and the hospital.

The primary outcome of feasibility was assessed 
by measuring time to reach target glucose range, 
time in target range, mean morning glucose con‑
centration, mean daily glucose concentration, and 
crossover time. Crossover time was defined as 
the percentage of total study time that patients 
spent in the target range of the group to which 
they were not assigned. Morning glucose concen‑
trations were recorded and mean daily glucose con‑
centrations were calculated. Safety was assessed 
by measuring the number of episodes of serum 
glucose concentration ≤2.2 mmol/l (a conventional 
threshold used in previous similar trials) and seri‑
ous adverse events such as cardiac arrests and sei‑
zures. The clinical outcomes were mortality (both 
in ICU and in hospital), length of ICU stay, need 
for renal replacement therapy, and episodes of bac‑
teremia. We collected data on daily caloric intake 
from all sources in all subjects every day.

data analysis The two groups were compared 
using descriptive statistics. The feasibility of glu‑
cose control was determined by recording the me‑
dian time to reach target glucose range, percent‑
age of time in target range, mean morning glu‑
cose concentrations and mean daily glucose 
concentrations and number of crossovers. Due 
to the variable numbers of glucose measurements 
in each patient throughout the day, linear inter‑
polation from recorded values was used to gen‑
erate hourly mean glucose values. We tested for 

TAbLE 1  Baseline characteristics

Low group  (n = 32)  High group (n = 35)

age in years (±SD) 56.7 (±18.7) 56.4 (±16.0)

APACHE II score (±SD) 21.75 (±6.1) 23 (±6.3)

male gender (%) 23 (71.9) 20 (57.1)

congestive heart failure (%) 4 (12.5) 2 (6.3)

ischemic heart disease (%) 4 (12.5) 5 (14.3)

non insulin dependent diabetes mellitus (%) 4 (12.5) 2 (5.7)

liver disease (%) 1 (3.1) 0 (0)

chronic renal failure (%) 0 (0) 0 (0)

chronic obstructive pulmonary disease (%) 6 (18.8) 8 (22.9)

cancer (%) 5 (15.6) 6 (17.1)

transplant (%) 2 (6.3) 1 (2.9)

immunocompromised (%) 6 (18.8) 3 (8.6)

recent surgery (%) 19 (59.4) 17 (48.6)

trauma (%) 11 (34.4) 13 (37.1)

steroids prior to ICU (%) 3 (9.4) 3 (8.6)

Abbreviations: APACHE – Acute Physiology and Chronic Health Evaluation, ICU – intensive care unit, 
SD – standard deviation
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patients (8.6%) in the low group required renal 
replacement therapy (p = 0.93). Nine patients 
(28.1%) in the high group and 3 (8.6%) in the low 
group developed bacteremia, but there was no dif‑
ference in time‑adjusted bacteremia rates.

Average daily calories were 2256 kcal/day 
in the high group and 2299 kcal/day in the low 
group (p = 0.46). Patients received most of their 
nutrition via the enteral route (85 ±0.65% 
in the low group and 83 ±5.1% in the low group, 
p = 0.59).

dIsCussION In this pilot randomized trial 
we examined the feasibility, safety, and clinical 
outcomes of two intensive insulin therapy reg‑
imens. Several important lessons were learned 
that assisted in the development and manage‑
ment of the subsequent multicenter trial.

With respect to feasibility, we found that our 
initial preprinted low group algorithm did not 
achieve the desired target range. After 14 patients 
were enrolled in the low group we found that 
the glucose concentrations in the low group were 
higher than the desired range. Therefore, we re‑
vised the algorithm for the last 18 patients in this 
group to achieve lower average glucose levels.

We did find that our preprinted algorithms 
successfully created a statistically significant dif‑
ference between the two groups in mean daily 
blood glucose concentrations. However, patients 
randomized to the high group spent the major‑
ity of the study period with glucose levels below 
their target range. This may have been because 
the study protocol did not include directions to in‑
crease the glucose concentrations unless they were 
considered to be dangerously low. This distinction 
is important, as the algorithms studied in this 
pilot trial allowed a large overlap in blood glu‑
cose levels between the high and the low groups. 
In a trial assessing clinical outcomes this overlap 

respectively, p <0.0001). The percentage of to‑
tal study time that patients spent in the target 
range of the group that they were not assigned 
to (crossover time) was a median of 19.9% for 
the high group and a median of 1.7% for the low 
group (p <0.0001).

Fifty‑seven percent of patients in the high 
group received insulin during their ICU stay 
whereas all patients in the low group received in‑
sulin. The average daily dose of insulin in the high 
group was 25.2 IU (±45.6 IU) compared to 78.9 IU 
(±66.3 IU) in the low group (p = 0.0002).

safety One episode of hypoglycemia occurred 
in the high group (2.9% of patients), and 8 ep‑
isodes occurred in the low group (24.2% of pa‑
tients). These occurred out of a total of 2802 and 
2313 glucose measurements in the high and low 
groups, respectively. There were 0.002 and 0.03 hy‑
poglycemic events per patient‑day in the high and 
low groups (p = 0.0233). We detected no untow‑
ard consequences or serious adverse events such 
as seizures or cardiac arrests associated with these 
episodes of hypoglycemia. No patients were with‑
drawn from their assigned inter vention by their 
physicians.

Clinical outcomes There was no difference 
in 28 day mortality between groups. Five (14.3%) 
patients in the high group and four (12.5%) pa‑
tients in the low group died (relative risk 1.14 
(95% CI from 0.34–3.89, p = 0.83)).

In the high and low groups, respectively, the 
median lengths of ICU stay (see TAbLE 3) were 11.5 
and 7.43 days (p = 0.013). The median lengths of 
hospital stay were 33 days and 22 days in the high 
and low groups (p = 0.079). The median duration 
of mechanical ventilation was 228.2 h in the high 
group and 132.2 h in the low group (p = 0.019). 
Two patients (9.4%) in the high group and two 

TAbLE 3  Clinical outcomes

Low group (n = 32) High group (n = 35) p

median ICU length of stay (days, interquartile range)  7.43 (5.12–12.72) 11.5 (7.39–20.95) 0.013

median hospital length of stay (days, interquartile range) 22 (13–40.5) 33 (21–66) 0.079

median duration of mechanical ventilation (hours, interquartile range) 132.24 (89.88–227.76) 228.24 (139.68–458.4) 0.019

renal replacement therapy (number of patients) 2 2 0.9263

episodes of bacteremia or fungemia (number of patients) 4 17 NS

Abbreviations: NS – nonsignificant, others – see TAbLE 1

TAbLE 2  Feasibility of glucose control

Low group  (n = 32 ) High group (n = 35) p

received insulin (% of patients) 32 (100%) 20 (57.1%) <0.0001

insulin units per day (±SD)  78.9 ±66.3 25.2 ±45.6 0.0002

08:00 hours glucose concentration (±SD) 6.2 ±1.2 8.3 ±1.6 <0.0001

daily average glucose concentration (±SD) 6.3 ±1.0 8.4 ±1.7 <0.0001

time in range (median % of time in study)  53.0% 35.7% <0.0001

number of hypoglycemic events (number of patients) 
while in study

8 (7) 1 (1) 0.0233

Abbreviations: see TAbLE 1
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the promotion of inappropriate thrombosis.25 
It is therefore possible that the use of insulin 
in previous trials may have partly been as a “res‑
cue therapy” for severe hyperglycemia and that 
the use of insulin to achieve a target blood glu‑
cose of 4.4–6.1 mmol/l helped mitigate the harm 
of the dextrose infusions.

Our study has several limitations. Of the 329 
eligible screened patients, 68 (20.7%) were en‑
rolled. This low rate of enrollment was primari‑
ly due to difficulty in achieving timely informed 
consent. It is possible that this may have intro‑
duced a bias into the type of patients enrolled, 
which may affect the generalizability of our re‑
sults. As a single centre trial, the generalizability 
of our findings is limited to ICUs with practices 
and algorithms similar to ours. Although the ran‑
domization of patients was concealed and blind‑
ed, treatment was not, so like other unblinded in‑
tensive insulin therapy trials, it is possible that 
patient management may have influenced out‑
comes. However, our pilot trial was not designed 
to assess short‑ or long‑term mortality and mor‑
bidity endpoints; furthermore, the small sample 
size makes any inferences about these outcomes 
speculative.

In conclusion, we have examined the feasibil‑
ity and safety of two glucose control algorithms 
in critically ill patients, illustrating how pilot tri‑
als can help to prepare for future large trials. Our 
results demonstrate how difficult it can be, even 
under study conditions, to maintain a narrow 
range of glucose concentrations in critically ill 
patients.

In another pilot randomized trial (LOGIC – 
the Lowering Of Glucose In Critical Care), glu‑
cose values were in the two target ranges only 40% 
of the time despite using well accepted insulin in‑
fusion algorithms.26 We documented more hypo‑
glycemic events in the low target range group, but 
this trial is too small to draw conclusions about 
the consequences of such events, or the effect 
of intensive insulin therapy on clinical outcomes. 
Recently, a large collaborative randomized tri‑
al powered to detect differences in clinically im‑
portant outcomes was completed in Australia, 
New Zealand, Canada, and the USA.27 The success 
of NICE‑SUGAR trial was in part due to the les‑
sons learned in our preparatory pilot trial.

study sponsorship Supported by grants from 
the Canadian Intensive Care Foundation, the Van‑
couver Coastal Special Opportunities Fund and 
the Canadian Diabetes Association. Dr Hender‑
son holds a Mentored Clinician Scientist award 
from the Vancouver Coastal Health Research In‑
stitute. Dr Hebert holds the University of Ottawa 
Chair in Transfusion and Critical Care Research. 
Dr Cook holds a Canada Research Chair in Critical 
Care Medicine. None of the study sponsors above 
had any role in the study design, in the collection, 
analysis and inter pretation of data; in the writ‑
ing of the manuscript; or in the decision to sub‑
mit the manuscript for publication. The authors 

might hinder the ability to detect meaningful out‑
comes. This finding allowed us to modify our glu‑
cose management algorithm prior to the subse‑
quent multicenter trial.

In terms of safety, we found that hypoglyce‑
mia occurred more commonly in the low group 
than the high group (8 vs. 1 episode, or 24.2% 
vs. 2.9% of patients). Our protocol was associat‑
ed with a higher rate of hypoglycemia than that 
in a recent report of intensive insulin therapy 
in a medical ICU6 but is consistent with rates 
of hypoglycemia seen in a similar study in a sur‑
gical ICU1. Hypoglycemic events in critically ill pa‑
tients may be associated with increased mortality, 
which requires careful evaluation in studies with 
larger sample sizes.19 We did not document any 
seizures or cardiac arrests associated with these 
short‑lived hypoglycemic episodes.

This pilot trial was not powered to detect dif‑
ferences in clinical outcomes between groups, and 
any differences observed must be inter preted cau‑
tiously. We found no difference in mortality be‑
tween patients treated with insulin to maintain 
blood glucose concentrations between 4–7 mmol/l 
and those treated to maintain these concentra‑
tions between 9–11 mmol/l. The low target group 
had a short median duration of mechanical ven‑
tilation and a shorter median duration of ICU 
stay, but no difference in median length of hos‑
pital stay. The rates of fungemia and bacteremia 
were not different between the two groups when 
adjusted for time.

Patients studied in the first trial by van den 
Berghe et al. were substantially different from 
those whom we enrolled. The patients in the van 
den Berghe et al. trial were primarily cardiac sur‑
gical patients (62.7% of all patients), a popula‑
tion in which the benefit of strict glucose control 
has previously been demonstrated.20‑22 In their 
second trial6, van den Berghe and colleagues en‑
rolled patients who had an average APACHE II 
score of approximately 23 and who had mostly 
medical illnesses. Despite the similar level of ill‑
ness seen in our population, 57.1% of patients 
in our high group (9–11 mmol/l) required in‑
sulin as compared to 70.4% in the convention‑
al treatment arm of the second trial by van den 
Berghe et al. We speculate that this difference is 
explained by differences in nutritional practices 
between our study and van den Berghe’s studies. 
Both studies by van den Berghe et al. used large 
amounts of intravenous carbohydrate, which 
is not typical of North American practice.23,24 
In our study there was no difference between 
the groups in the average amount of daily cal‑
ories received, and most calories were provid‑
ed enterally.

Interpreting any trial of intensive insulin ther‑
apy and glucose control requires understanding 
nutritional strategies employed. In critically ill 
patients an infusion of dextrose may worsen 
the neurohormonal environment. This occurs 
via the activation of pro‑inflammatory cytok‑
ines, the impairment of neutrophil function, and 



ORIGINAL ARTICLE  The efficacy and safety of glucose control algorithms... 445

tion support in mechanically ventilated, critically ill adult patients. J JPEN 
J Parenter Enteral Nutr. 2003; 27: 355‑373.

Turina M, Fry DE, Polk HC Jr. Acute hyperglycemia and  the  innate 25 
immune system: clinical, cellular, and molecular aspects. Crit Care Med. 
2005; 33: 1624‑1633.

McMullin J, Brożek J, McDonald E, Clarke E, et al. Lowering of glu‑26 
cose in critical care (LOGIC): A randomized pilot trial. J Crit Care. 2007; 
22: 112‑117.

NICE‑SUGAR Study Investigators. Intensive versus conventional glu‑27 
cose control in critically ill patients. N Engl J Med. 2009; 360: 1283‑1297.

have no declared conflicts of inter est pertaining 
to the design, writing, analysis or submission 
of this manuscript.

Acknowledgements The authors wish to thank 
the nursing and medical staff of the Intensive 
Care Unit at the Vancouver General Hospital. 
Without their ongoing support of clinical research, 
and specifically their involvement in the SUGAR 
study, this study would not have been possible. 
We thank the Canadian Critical Care Trials Group 
for their inter est and input.

REFERENCEs

van den Berghe G, Wilmer A, Hermans G, et al. Intensive insulin therapy 1 
in the surgical intensive care unit. N Engl J Med. 2001; 345: 1359‑1367.

Brown G, Dodek P. Intravenous insulin nomogram improves blood glu‑2 
cose control in the critically ill. Crit Care Med. 2001; 29: 1714‑1719.

Umpierrez GE,  Isaacs SD, Bazargan N, et al. Hyperglycemia: an inde‑3 
pendent marker of in‑hospital mortality in patients with undiagnosed diabe‑
tes. J Clin Endocrinol Metab. 2002; 87: 978‑982.

Krinsley  JS.  Effect  of  an  intensive  glucose  management  protocol 4 
on the mortality of critically  ill adult patients. Mayo Clin Proc. 2004; 79: 
992‑1000.

Thomas  DJ,  Platt  HS,  Alberti  KG.  Insulin‑dependent  diabetes  dur‑5 
ing  the  peri‑operative  period.  An  assessment  of  continuous  glucose‑

‑insulin‑potassium infusion, and traditional treatment. Anaesthesia. 1984; 
39: 629‑637.

Van den Berghe G, Wilmer A, Hermans G, et al. Intensive insulin thera‑6 
py in the medical ICU. N Engl J Med. 2006; 354: 449‑461.

Brunkhorst FM, Engel C, Bloos F, et al.  Intensive  insulin therapy and 7 
pentastarch resuscitation in severe sepsis. The German Competence Net‑
work Sepsis (SepNet). N Engl J Med. 2008; 358: 125‑139.

Preiser JC. Intensive glycemic control in med‑surg patients (European 8 
Glucontrol trial). Program and abstract s of the Society of Critical Care Med‑
icine 36th Critical Care Congress; February 17–21, 2007; Orlando, Florida.

NIH.  Glucontrol  Study:  comparing  the  effects  of  two  glucose  con‑9 
trol  regimens  by  insulin  in  intensive  care  unit  patients.  Available  at: 
http://www.clinicaltrials.gov/ct/gui/show/NCT00107601. Accessed: Oct 1, 
2007.

Mesotten D, Van den Berghe G. Clinical potential of  insulin therapy 10 
in critically ill patients. Drugs 2003; 63: 625‑636.

Preiser JC, Devos P, Van den Berghe G. Tight control of glycaemia 11 
in critically ill patients. Curr Opin Clin Nutr Metabo Care. 2002; 5: 533‑537.

Finney SJ, Zekveld C, Elia A, Evans TW. Glucose control and mortali‑12 
ty in critically ill patients. JAMA 2003; 290: 2041‑2047.

Hirsch IB, Coviello A. Intensive insulin therapy in critically ill patients. 13 
N Engl J Med. 2002; 346: 1586‑1588.

Mazuski JE, Bailey JA, Shapiro MJ. Intensive insulin therapy in criti‑14 
cally ill patients N Engl J Med. 2002; 346: 1586‑1588.

Evans TW. Hemodynamic and meta bolic  therapy  in critically  ill pa‑15 
tients. N Engl J Med. 2001; 345: 1417‑1418.

Angus DC, Abraham E. Intensive insulin therapy in critical illness. Am 16 
J Respir Crit Care Med. 2005; 172: 1358‑1359.

Wiener RS, Wiener DC, Larson RJ. Benefits and risks of tight glucose 17 
control in critically ill adults: a meta‑analysis. JAMA. 2008; 300: 933‑944.

O‘Grady  JG,  Alexander  GJ,  Hayllar  KM,  Williams  R.  Early  indica‑18 
tors of prognosis in fulminant hepatic failure. Gastroenterology. 1989; 97: 
439‑445.

Krinsley JS, Grover A. Severe hypoglycemia  in critically  ill patients: 19 
risk factors and outcomes. Crit Care Med. 2007; 35: 2262‑2267.

Malmberg K, Norhammar A, Wedel H, Ryden L. Glycometabolic state 20 
at admission: important risk marker of mortality in conventionally treated 
patients with diabetes mellitus and acute myocardial infarction: long‑term 
results from the Diabetes and Insulin‑Glucose Infusion in Acute Myocardial 
Infarction (DIGAMI) study. Circulation. 1999; 99: 2626‑2632.

Hendra TJ, Yudkin JS. An algorithm for tight glycaemic control in dia‑21 
betic infarct survivors. Diabetes Res Clin Pract. 1992; 16: 213‑220.

Malmberg KA, Efendic S, Ryden LE. Feasibility of  insulin‑glucose  in‑22 
fusion in diabetic patients with acute myocardial infarction. A report from 
the multicenter trial: DIGAMI. Diabetes Care 1994; 17: 1007‑1014.

Heyland DK, Schroter‑Noppe D, Drover JW, et al. Nutrition support 23 
in the critical care setting: current practice in canadian ICUs – opportuni‑
ties for improvement? JPEN J Parenter Enteral Nutr. 2003; 27: 74‑83.

Heyland DK, Dhaliwal R, Drover JW, et al. Canadian Critical Care Clin‑24 
ical Practice Guidelines C. Canadian clinical practice guidelines for nutri‑



POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ  2009; 119 (7‑8)446

ARTyKuŁ ORyGINALNy

Skuteczność i bezpieczeństwo stosowania 
algorytmów kontroli stężenia glukozy 
w intensywnej terapii
Survival Using Glucose Algorithm Regulation (SUGAR) – badanie pilotowe

William R. Henderson1,2, Vinay Dhingra1, Dean Chittock1,2,3, Denise Foster1,  
Paul Hebert4, Deborah Cook5, Daren Heyland6, Peter Dodek1,7, Donald Griesdale1,2, 
Michael Schulzer3, Juan J. Ronco1 oraz Canadian Critical Care Trials Group
1  UBC Program of Critical Care Medicine, University of British Columbia, Vancouver, BC, Kanada
2  Vancouver Coastal Health Research Institute, Vancouver, BC, Kanada
3  Centre for Clinical Epidemiology and Evaluation, Vancouver, BC, Kanada
4  Centre for Transfusion Research, Ottawa Health Research Institute, Ottawa, ON, Kanada
5  Departments of Medicine, Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, ON, Kanada
6  Department of Medicine, Queen’s University, Kingston, ON, Kanada
7  Centre for Health Evaluation and Outcome Sciences, St. Paul’s Hospital, Vancouver, BC, Kanada

Adres do korespondencji:
William R. Henderson, MD, FRCPC, 
Vancouver General Hospital,
Critical Care Administration, 
855 West 12th Avenue, 
Vancouver, BC V5Z 1M9, Kanada, 
tel.: +1‑604‑875‑59‑49, 
fax: +1‑604‑875‑59‑57, 
e‑mail: william.henderson@vch.ca
Praca wpłynęła: 23.04.2009.
Przyjęta do druku: 06.06.2009.
Nie zgłoszono sprzeczności  
inter esów.
Pol Arch Med Wewn. 2009; 
119 (7‑8): 439‑446
Tłumaczył Daniel Korcz
Copyright by Medycyna Praktyczna, 
Kraków 2009

sTREszCzENIE

wPROwAdzENIE Korzyści, zagrożenia i możliwość przeprowadzenia intensywnej terapii insulinowej u pacjentów 
w stanie krytycznym pozostają niejasne. W kilku jedno ośrodkowych badaniach podjęto próbę wykazania korzyści 
płynących z intensywnej terapii insulinowej u pacjentów w stanie krytycznym, otrzymując niespójne wyniki.
CELE  Przed  rozpoczęciem dużego badania wielo ośrodkowego przeprowadzono pilotowe badanie 
z randomizacją w celu oceny wykonalności, bezpieczeństwa oraz efektów klinicznych stosowania 
z góry ustalonych algorytmów kontroli stężenia glukozy.
PACjENCI I mETOdy  W ciągu 48 godzin od przyjęcia na oddział intensywnej terapii randomizowano 
pacjentów mechanicznie wentylowanych, przydzielając  ich  losowo do grupy „dużego stężenia” 
(docelowe stężenie glukozy w surowicy 9–11 mmol/l) albo „małego stężenia” (docelowe stężenie 
glukozy w surowicy 5–7 mmol/l). Aby dokonać oceny wykonalności badania,  zmierzono czas po‑
trzebny do osiągnięcia docelowego zakresu stężeń glukozy, czas kontynuacji badania przy osiągnięciu 
docelowego zakresu stężeń, poranne stężenia glukozy, średnie dobowe stężenia glukozy oraz liczbę 
przejść pacjentów z jednej grupy do drugiej. W celu przeprowadzenia oceny bezpieczeństwa zmierzono 
liczbę epizodów hipo glikemii (stężenie glukozy w surowicy <2,2 mmol/l) oraz liczbę innych ciężkich 
zdarzeń niepożądanych, takich jak zatrzymanie krążenia, drgawki.
wyNIKI  Do badania włączono 68 pacjentów (35 z grupy „dużego stężenia” oraz 33 z grupy „małego 
stężenia”). W pierwszym tygodniu badania mediana odsetka czasu badania, w którym wyniki pomiaru 
glukozy mieściły się w zakresie stężeń docelowych, wynosiła 35,7% w grupie „wysokiego stężenia” 
oraz 53% w grupie „niskiego stężenia” (p = 0,0001). Poranne stężenia glukozy wynosiły odpowiednio 
8,3 ±1,6 mmol/l i 6,2 ±1,2 mmol/l. W grupie „wysokiego stężenia” miał miejsce jeden (2,9%) epizod 
hipo glikemii  (<2,2 mmol/l), a w grupie „niskiego stężenia” odnotowano 8 takich epizodów (24,2%), 
co przekłada się odpowiednio na 0,002 i 0,03 zdarzeń hipo glikemicznych na pacjenta/dobę.
wNIOsKI  Niniejsze badanie pilotowe dotyczące intensywnej insulino terapii pokazało liczne problemy, które 
okazały się pomocne w przygotowaniu między narodowego, wielo ośrodkowego badania z randomizacją 
nad intensywną insulino terapią w celu oceny korzyści i ryzyka związanych z tą metodą.
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