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      The optimal management for glycemic control in 
the ICU remains unclear. In 2001, van den Berghe 

and colleagues  1   demonstrated that intensive insulin 
therapy (maintenance of blood glucose [BG] at a level 
between 80 and 110 mg/dL) conferred a substantial 
mortality benefi t in patients in the surgical ICU com-
pared with conventional treatment (maintenance of 
BG between 180 and 200 mg/dL). Subsequent studies 
evaluating the role of insulin therapy in the ICU 
either failed to confi rm the initial results of the Leuven 
surgical ICU study or were terminated early because 
of high hypoglycemia rates.  2-6   The Normoglycemia 
in Intensive Care Evaluation and Survival Using 

Glucose Algorithm Regulation (NICE-SUGAR) trial 
is the largest prospective multicenter trial to date 
and was designed to compare maintaining a BG tar-
get of 80 to 110 mg/dL (intensive insulin therapy) to 
maintaining a BG target of 144 to 180 mg/dL (termed 
conventional therapy) in patients in the ICU.  7   The 
NICE-SUGAR algorithm resulted in both decreased 
hypoglycemia incidence and decreased 90-day mor-
tality in the conventional therapy group. The inci-
dence of hypoglycemia in the 80 to 110 mg/dL group 
was 6.7% of patients, similar to that reported in the 
Leuven surgical ICU study,  1   and lower than previous 
comparative studies in medical patients.  4-6   Although 
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intensive care setting.  21   This electronic protocol incor-
porates the current insulin infusion rate, the difference 
between current BG and BG target, and the rate of 
change of BG, and suggests subsequent insulin infu-
sion rates ( Fig 1  ). The protocol then recommends to 
the clinician a new insulin infusion rate and the time 
interval for a subsequent BG measurement. Clinician 
compliance with eProtocol-insulin recommendations 
is high, and the implementation of eProtocol-insulin 
has resulted in clinical reproducibility of BG metrics 
across multiple environments.  22   

 eProtocol-insulin is applied throughout the clin-
ical setting in ICUs in the Intermountain Health-
care network. The protocol operates by evaluating 
the abovementioned variables and the BG value dis-
tance from the BG mean of the chosen target range. 
The rules for insulin titration remain unchanged, and 
protocol implementation is identical regardless of 
chosen BG target range. eProtocol-insulin allows clini-
cians to select either a target range of 80 to 110 mg/dL 
or 90 to 140 mg/dL. These BG targets were derived 
from expert recommendations and local clinician 
consensus.  23,24   Because the mathematical rules of the 
protocol ignore BG target ranges, these two BG tar-
get ranges actually represent a mean BG target of 
95 mg/dL for 80 to 110 mg/dL and 115 mg/dL for 
90 to 140 mg/dL. Thus, the effective comparison 
BG targets are 80 to 110 mg/dL and 100 to 130 mg/dL. 
eProtocol-insulin provides a unique investigation 
into the effects of BG target on patients, because all 
other features of protocol implementation remain 
unchanged. The history of high clinician compliance and 
clinical reproducibility further support an experimental 
design in which only the BG target range differs. Cli-
nicians’ implementation of the 80 to 110 mg/dL target 
decreased and implementation of the 90 to 140 mg/dL 
target increased throughout Intermountain Health-
care System in March of 2009 ( Fig 2  ). The infl ection 
point coincides with the publication of NICE-SUGAR 
trial. We hypothesized that the patient population 
would mimic that of NICE-SUGAR and we would 
observe decreased hypoglycemia and decreased mor-
tality in patients on the moderate glucose target. We 
expected that patients without dia betes would have 
greater glycemic variability on the 90 to 140 mg/dL 
glucose target compared with 80 to 110 mg/dL, 
whereas patients with diabetes would have greater 
glycemic variability on 80 to 110 mg/dL target com-
pared with 90 to 140 mg/dL. 

NICE-SUGAR results do not causally link severe 
hypoglycemia with increased mortality, many postu-
late that the mortality benefi t in the 144 to 180 mg/dL 
group arose from a reduction in hypoglycemia.  8,9   Thus, 
much uncertainty remains. 

 Some contend that intensive insulin therapy con-
fers greater benefi t in certain populations  1,2   or that 
the fi ndings of NICE-SUGAR may be idiosyncratic 
because of its study protocols.  10   There is consider-
able literature suggesting that patients with diabetes 
respond differently than patients without diabetes to 
tight BG control.  11   In the 2006 Leuven mixed med-
ical/surgical ICU study, tight BG control with intensive 
insulin therapy conferred increased survival in patients 
without diabetes but not in patients with diabetes.  12   
In the 2006 Stamford mixed medical/surgical ICU 
study, Krinsley  13   demonstrated that hyperglycemia had 
considerably greater mortality effects on patients with-
out diabetes compared with patients with diabetes. 
A 2008 study from two Australian ICUs corroborated 
Krinsley’s  13   fi ndings, with a stronger correlation between 
hyperglycemia and mortality in patients without dia-
betes than in patients with diabetes.  14   

 Other investigators suggest that glycemic variability 
may be an important prognostic factor.  15-18   Regardless 
of its limitations, NICE-SUGAR has resulted in revi-
sions of professional society recommendations for 
BG control in critically ill patients.  19,20   Lack of con-
sensus for the ideal BG target for critically ill patients 
has led to increased clinician uncertainty. At our 
institution and at others, the NICE-SUGAR results 
prompted a shift in the clinical management of insu-
lin infusions, and many intensivists began to endorse 
a BG target of 90 to 140 mg/dL. 

 Intermountain Healthcare, the largest health-care 
provider in the Intermountain West, iteratively devel-
oped and refi ned a point-of-care computerized pro-
tocol for insulin (eProtocol-insulin) infusion in the 

  Figure  1. eProtocol-insulin algorithm.   
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and responds to changes in glucose administration. The protocol 
is discontinued if patients are on bolus feeds. BG values include 
only those obtained while the patient was on protocol. We did not 
include BG values obtained after the protocol was discontinued 
for bolus feeds. Selection of glucose target, as well as whether to 
use eProtocol-insulin, was at the treating clinician’s discretion. 

 Statistical Analysis 

 We tested group comparisons with Mann-Whitney  U  test for 
nonnormally distributed continuous values and Student  t  test for 
normally distributed data. For comparison of proportions, we 
used  x  2  test or the Fisher exact test when sample size was small. 
Survival analyses were performed using logistic regression to 
assess the impact of eProtocol-insulin on 30-day mortality in the 
diabetic and nondiabetic populations, respectively. Covariates 
adjusted for in the regression models include age, modifi ed 
APACHE II score, Charlson Comorbidity score, and target BG. 
The modifi ed APACHE II score excludes the age or chronic 
health components in order to avoid collinearity with the Charlson 
Comorbidity score or age. Secondary analyses applying Cox regres-
sion techniques yielded similar results. All displayed  P  values are 
double sided. Data were analyzed using Stata-12 statistical soft-
ware (StataCorp LP). 

 Results 

 Study Population 

 The initial query returned a total of 9,058 instances 
of eProtocol-insulin in the study period. The breakdown 
of the exclusion criteria is displayed in  Figure 3  . The 
fi nal study population is composed of 3,529 patients 
drawn from 12 different ICUs in eight different hos-
pitals. These units included medical, surgical, and 
mixed ICUs. The mix of hospitals included tertiary care, 
teaching hospitals, and private community hospitals. 

 Patient Demographics 

 There was no signifi cant association between the 
presence of diabetes and selection of insulin proto-
col, with patients with diabetes composing approxi-
mately 40% of both groups. Patient demographics, 
glucose metrics, and overall mortality are displayed 
in  Table 1  . The groups were similar in composition, 
although the 90 to 140 mg/dL group had a slightly 
higher proportion of women and slightly higher 
APACHE II scores than did the 80 to 110 mg/dL 
group. There was no difference between groups regard-
ing Charlson comorbidity scores. Inclusion of sex in 
the regression models yielded no change in estimate 
of coeffi cients. 

 Hypoglycemia 

 As expected, patients on the 90 to 140 mg/dL target 
were less likely to experience hypoglycemia compared 
with patients on the 80 to 110 mg/dL target.  Table 1  
demonstrates that patients on the 80 to 110 mg/dL 
target sustained higher rates of moderate and severe 

 Materials and Methods 

 Data Collection 

 We performed a retrospective cohort analysis of all patients 
treated with eProtocol-insulin. We used the highly detailed elec-
tronic medical record from Intermountain Healthcare, which 
captures data prospectively. This study was approved by the Inter-
mountain institutional review board (#1008548), with waiver of 
informed consent. The electronic medical record was queried for all 
instances of eProtocol-insulin use in an ICU from November 2006 
to March 2011. We excluded patients who presented with diabetic 
ketoacidosis, as we believe they represented a different patient 
experience than the typical ICU patient on intensive insulin. We 
also excluded patients who were on the protocol for fewer than 
10 BG readings (average 10 h). For patients who had multiple 
ICU admissions during the study period, we counted only the fi rst 
ICU admission and excluded subsequent ICU admissions. The 
study population was stratifi ed by presence or absence of diabetes 
mellitus and by receipt of 80 to 110 mg/dL or 90 to 140 mg/dL 
eProtocol-insulin therapy. 

 Determination of diabetes was performed by query of the med-
ical record for International Statistical Classifi ca tion of Diseases 
and Related Health Problems, Ninth Revision (ICD-9) code 
(249.x-250.x). The electronic medical record and Intermountain 
Medical Center can calculate an APACHE II (Acute Physiology 
and Chronic Health Evaluation II)  25   score automatically from 
patients based on data entered into the record. We included only 
patients who had suffi cient data to calculate an APACHE II score 
at the time of initiation of the eProtocol-insulin. The Charlson 
Comorbidity index was calculated using ICD-9 code, according 
to previously published methodology.  26,27   

 Glycemic management in the ICUs throughout Intermountain 
Healthcare include standardized institutional processes. All ICUs 
used the OneTouch SureStep (LifeScan, Inc) bedside glucometer 
during the study period until 2010, when all facilities switched to 
the HemoCue (Quest Diagnostics) glucometer. All glucometers 
are calibrated nightly according to industry and product stan-
dards. Similarly, all Intermountain Healthcare systems use the 
smart pump in plastic tubing with a 1 unit/mL concentration of 
IV insulin infusion bag. The time interval of BG measurements is 
explicitly determined by the protocol, based on glucose stability. 
Nursing ratio per patient is standardized throughout all Inter-
mountain Healthcare ICUs (2:1). eProtocol-insulin does not contain 
an explicit nutritional protocol, although it adjusts recommenda-
tions based on the amount of glucose calories a patient is receiving 

  Figure  2. Selection of glucose targets in eProtocol-insulin through-
out the Intermountain Healthcare ICUs from November 2006 to 
March 2011.   
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 Mortality 

 There was no statistically signifi cant difference 
in overall crude 30-day mortality between the 80 to 
110 mg/dL group and the 90 to 140 mg/dL group. 
Crude mortality, stratifi ed by the presence or absence 
of diabetes, showed a statistically signifi cant trend: In 
patients without diabetes, mortality was signifi cantly 
higher on the 90 to 140 mg/dL BG target than on the 
80 to 110 mg/dL target. Crude mortality stratifi ed by 
patient mean glucose is depicted in  e-Figures 1 and 2  , 
although inferences from these data may be limited 
by the small number of patients with mean BG read-
ings  ,  80 mg/dL or  .  180 mg/dL. 

 The logistic regression model demonstrated that, 
among patients without diabetes, use of the 90 to 
140 mg/dL target was independently associated with 
an increased risk of mortality compared with use of 
the 80 to 110 mg/dL target ( Table 2  ). In patients with 
diabetes, use of the 90 to 140 mg/dL target was inde-
pendently associated with decreased risk of mortality 
compared with use of the 80 to 110 mg/dL target. 
Kaplan-Meier mortality graphs were calculated from 
Cox regression models, which yielded similar results 
( Fig 5  ). 

 Mortality and Hypoglycemia 

 As expected, patients on the 90 to 140 mg/dL tar-
get were less likely to experience hypoglycemia com-
pared with patients on the 80 to 110 mg/dL target. 
However, if a patient had a hypoglycemic event 
(both the 60 mg/dL and 40 mg/dL thresholds were 
examined) at any time on either BG target protocol, 
there was no mortality effect between glucose targets 
in terms of 30-day mortality for patients with diabetes 
or patients without diabetes. The increased mortal-
ity associated with the 90 to 140 mg/dL BG target 
in patients without diabetes persisted in patients 
who were never hypoglycemic (OR, 1.61; 95% CI, 
1.09-2.38;  P   5  0.02). 

 Discussion 

 We analyzed a large patient cohort experience that 
compares two BG target ranges with an identical 
electronic insulin titration protocol with documented 
high clinician compliance. We demonstrated that a 
BG target of 90 to 140 mg/dL (target mean BG of 
115 mg/dL), although independently associated with 
decreased risk of mortality in patients with diabetes, 
is independently associated with greater risk of mor-
tality in patients without diabetes when compared 
with an 80 to 110 mg/dL BG target (target mean BG 
of 95 mg/dL). These fi ndings persisted after adjusting 
for age, sex, disease severity, and comorbidities. Our 

hypoglycemia. Hypoglycemia was associated with 
mortality. Among patients whose BG level never went 
below 60 mg/dL, 30-day crude mortality was 10.3%. 
Thirty-day mortality was 15.9% in patients who had 
at least one glucose measurement  ,  60 mg/dL and 
17.3% if they had at least one incidence of glu-
cose  ,  40 mg/dL ( P   ,  .001). The number of days a 
patient was managed with eProtocol-insulin was 
independently associated with hypoglycemia, after 
adjusting for age, modifi ed APACHE II score, Charlson 
comorbidity score, and presence of diabetes (OR, 1.14; 
95% CI, 1.12-1.16;  P   ,  .01) ( Fig 4  ). However, the 
duration of time a patient was managed with eProtocol-
insulin was also highly collinear with the number of 
days a patient spent in the ICU, a predictor that was 
also independently associated with hypoglycemia, 
after adjusting for age, modifi ed APACHE II score, 
Charlson comorbidity score, and presence of dia betes 
(OR, 1.08; 95% CI, 1.06-1.10;  P   ,  .01). 

  Figure  3. Database query method. Apache II  5  Acute Physiology 
and Chronic Health Evaluation II.   
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results raise questions about the relationship between 
hypoglycemia, BG target, diabetic status, and mor-
tality. 

 This study supports several other studies that dem-
onstrate that patients with diabetes have different 
glucose metrics and different clinical outcomes than 
patients without diabetes when managed by intensive 
insulin therapy.  12-14,28,29   We cannot defi nitively explain 

the reason that mortality differs between patients with 
diabetes and patients without diabetes on eProtocol-
insulin. We believe diabetic adaptation to chronic 
hyperglycemia and increased glycemic variation may 
provide a rationale for this fi nding. Glycemic varia-
tion correlates with mortality in critically ill patients.  11,15-17   
This correlation is exceptionally strong in euglyce-
mic patients without diabetes.  30   Patients with diabetes 

 Table 1— Patient Demographics, Glucose Metrics, and Unadjusted Mortality  

Measure  80-110 mg/dL (n  5  1,526) 90-140 mg/dL (n  5  2,003)  P  Value

Age, y 65 (54-75) 64 (53-74) .09
Female, % 38.6 42.7 .02
Diabetic, % 38.7 40.1 .43
APACHE II score 23 (18-29) 25 (19-31)  ,  .01
Charlson comorbidity score 2 (1-5) 2 (1-5) .67
Patient mean blood glucose, mg/dL 118 (109-131) 131 (123-143)  ,  .01
 Patients with diabetes 124 (113-139) 138 (127-151)  ,  .01
 Patients without diabetes 115 (107-126) 128 (121-137)  ,  .01
Patient SD of glucose, mg/dL 25 (33-46) 24 (33-45) .78
 Patients with diabetes 42 (31-59) 39 (30-53)  ,  .01
 Patients without diabetes 31 (24-40) 28 (22-38)  ,  .01
Incidence of hypoglycemia
  ,  60 mg/dL, % 30.3 14.3  ,  .01
  ,  40 mg/dL, % 3.6 2.0  ,  .01
30-d mortality, % 9.7 11.1 .20
 Patients with diabetes, % 12.3 9.8 .12
 Patients without diabetes, % 8.1 11.9  ,  .01
 Patients with hypoglycemia  ,  60 mg/dL, % 14.4 17.4 .33
 Patients with hypoglycemia  ,  40 mg/dL, % 14.5 20.0 .58

All continuous or ordinal data are median values followed by interquartile ranges. Signifi cance testing calculated with Fisher exact,  x  2  with Yates 
correction, or Wilcoxon-Mann-Whitney  U  test, where appropriate. APACHE II  5  Acute Physiology and Chronic Health Evaluation II.

  Figure  4. Incidence of moderate hypoglycemia while on eProtocol-insulin, stratifi ed by target glucose. 
Days on protocol was independently associated with incidence of hypoglycemia in both glucose target 
groups ( P   ,  .01).   
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have chronic glycemic dysregulation. In our study, 
patients with diabetes had higher mean BG levels 
and higher standard deviations of BG than did patients 
without diabetes ( Table 3    ). We speculate that the 
patient with established diabetes may develop a rela-
tive tolerance to the complications of hyperglycemia 
and increased glycemic variability. The GLUT4 trans-
porter, a signaling molecule that can affect myocar-

dial function, is upregulated with exogenous insulin 
administration and downregulated with chronic hyper-
glycemia.  31,32   Perhaps the moderate glucose target 
better approximates the diabetic patient’s chronic 
glycemic dysregulation than does the 80 to 110 mg/dL. 
In contrast, hyperglycemia appears to have a greater 
impact on mortality in critically ill patients without 
diabetes than in patients with diabetes.  11,13,14,28,30   Per-
haps a person with diabetes may experience dele-
terious infl ammatory effects of hyperglycemia when 
managed with a moderate BG target. This notion is 
supported by animal studies.  33,34   

 Strengths of this study include its generalizability, 
given the large sample size and heterogenous popula-
tion drawn from community and referral hospitals, 
from medical and surgical ICUs, and from private and 
academic hospitals. The use of a well-validated proto-
col with identical implementation in both glucose 
targets is a signifi cant strength of the study. To our 
knowledge, this is the only study to date comparing 
two different BG targets using an otherwise iden-
tical protocol. Additionally, all patients analyzed were 
treated with insulin for glycemic control. This retro-
spective study has several limitations: Physicians were 
not required to use eProtocol-insulin, which raises 
the possibility of selection bias, in that the patients on 
eProtocol-insulin may be substantially different than 
those who were not managed on it. We excluded a 
large number of patients. Some patients were excluded 
because they had diabetic ketoacidosis or were on 
the protocol for a rather short period of time (approx-
imately 10 h or less). Some patients were excluded 
because an APACHE II score was not able to be deter-
mined from the clinical data at the time of protocol 
initiation. This exclusion may bias the study toward 
patients who have greater severity of illness. Another 
limitation of the study is that the method of obtain-
ing BG measurement incorporated glucometers, with 

  

  Figure  5. Cox failure curve for mortality in patients without 
diabetes. A, Patients without diabetes were more likely to die if they 
received 90 to 140 mg/dL (dashed line);  P   5  .05. B, Patients with 
diabetes were more likely to die if they received 80 to 110 mg/dL 
(solid line);  P   5  .01.   

 Table 2— Logistic Regression for 30-d Mortality, 
Comparing 90 to 140 mg/dL Glucose Target to the 

80 to 110 mg/dL Target  

Predictor OR 95% CI  P  Value

Patients without diabetes (n  5  2,143)
 90-140 mg/dL 1.36 1.01-1.84 .05
 Modifi ed APACHE II score  a  1.09 1.07-1.11  ,  .01
 Charlson comorbidity score 1.06 1.01-1.13 .01
 Age, y 1.02 1.01-1.03  ,  .01
Patients with diabetes (n  5  1,386)
 90-140 mg/dL 0.65 0.45-0.93 .02
 Modifi ed APACHE II score  a  1.07 1.05-1.10  ,  .01
 Charlson comorbidity score 1.05 1.00-1.10 .06
 Age, y 1.04 1.02-1.06  ,  .01

See Table 1 legend for expansion of abbreviation.
 a APACHE II score was modifi ed to exclude age and measures of chronic 
health.

 Table 3— Patient Characteristics of Patients With 
Diabetes vs Patients Without Diabetes  

Characteristic  
Nondiabetic 
(n  5  2,143)

Diabetic 
(n  5  1,386)  P  Value

Age, y 63 (50-74) 67 (58-76)  ,  .01
Female, % 38.0 45.2  ,  .01
APACHE II score 24 (19-30) 24 (19-30) .32
Charlson comorbidity 

score
1 (0-3) 5 (3-8)  ,  .01

Patient mean blood 
glucose, mg/dL

124 (113-134) 132 (120-147)  ,  .01

Patient SD of 
glucose, mg/dL

29 (23-39) 41 (30-55)  ,  .01

30-d mortality, % 10.2 10.8 .65

All continuous or ordinal data are median values followed by interquartile 
ranges. Signifi cance testing calculated with  x  2  with Yates correction, or 
Wilcoxon-Mann-Whitney  U  test, where appropriate. See Table 1 legend 
for expansion of abbreviation.
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their known analytic inaccuracies,  35   although the glu-
cometers were calibrated daily according to industry 
standards. Last, although our data do not demon-
strate a change in mortality over the study period, our 
model is unable to account for changes in clinical 
practice that occurred during the 4-year study period 
that might have effects on patient mortality. 

 Although NICE-SUGAR was a large randomized 
controlled trial, its results are perhaps more divisive 
than decisive. Multiple criticisms have been raised, 
including its analysis of patients initially treated with 
intensive insulin therapy who switched to conven-
tional therapy and the lack of differences in other 
clinical outcomes (length of stay, organ dysfunction).  36   
Although NICE-SUGAR’s Web-based insulin dose 
calculation was standardized across 42 centers, there 
were very high rates of clinician error (failure to follow 
protocol) contributing to hypoglycemia.  10   Additionally, 
glucose measures were taken at 1- to 4-h intervals 
with no reminder system to reinforce timely glucose 
measurement. BG measurements were performed 
with point-of-care glucometers, compared with the 
fi rst Leuven study, which used blood gas analyzers. 
NICE-SUGAR compared two separate protocols, 
each with separate instructions for insulin adjust-
ments and glucose checks. Only 25% of patients in 
the conventional arm received insulin. The insulin 
delivery protocols were not explicit and also offered 
optional instructions for the clinicians to administer 1 
to 2 units of insulin as a bolus dose. The presence of 
optional instructions and the open-label nature of 
the trial make it impossible to eliminate interclini-
cian variability. Consequently, study outcomes from 
NICE-SUGAR may arise more from idiosyncrasies 
of protocol performance or clinician compliance than 
from comparing glucose targets. 

 The eProtocol-insulin avoids many of the afore-
mentioned problems. It is an electronic protocol 
with excellent compliance and reproducibility.  21,22   As 
eProtocol-insulin was well established in the Inter-
mountain Healthcare ICUs at the time of the study, 
it is unlikely that the decrease in mortality is attribut-
able to the Hawthorne effect. This study comparing 
glucose targets is unique, in that the only difference 
between groups, regarding application of the proto-
col, is the selection of target BG. All other rules for 
insulin titration remain unchanged, including rules 
for BG checks. Unlike other studies, which compare 
two different insulin protocols,  1,4,6,7   this study com-
pares two different glucose targets in an otherwise 
identical protocol. 

 The interaction between hypoglycemia and mor-
tality may be more complex than it fi rst appears. Our 
study confi rms previous investigations that demon-
strated that hypoglycemia was independently associ-
ated with increased risk of mortality in critically ill 

patients.  37-39   However, it is unknown whether hypo-
glycemia is the result of the intensive insulin proto-
col, the result of physiologic stress during critical 
illness, or, more likely, an interaction of the two. In 
our study, we observed that duration of time a patient 
spent in the ICU was independently associated with 
incidence of hypoglycemia. Some authors have sug-
gested that hypoglycemia may be a marker of disease 
severity rather than an independent predictor.  39   In a 
cohort of cardiac patients, spontaneous hypoglycemia 
was predictive of mortality, whereas iatrogenic hypo-
glycemia was not.  38   In NICE-SUGAR, the hazard 
ratio for mortality was signifi cantly greater in patients 
who had hypoglycemia and were not being treated 
with insulin compared with those who had hypogly-
cemia and were receiving insulin.  40   Although glucose 
dysregulation from physiologic stress is very likely to 
increase mortality, less is known about the effects of 
iatrogenic hypoglycemia from an insulin protocol. In 
our protocol, there is little difference in standard 
deviation between different glucose targets, so it is 
reasonable to expect that the group with the lower tar-
get glucose will have increased hypoglycemia. How-
ever, of those who became hypoglycemic, there was 
no mortality difference between glucose targets. We 
speculate that a hypoglycemic patient in the 90 to 
140 mg/dL target group may be more likely to have 
glucose dysregulation from critical illness, whereas a 
hypoglycemic patient in the 80 to 110 mg/dL group 
may be more likely to have iatrogenic hypoglycemia. 
Certainly, the group of hypoglycemic patients in the 
90 to 140 mg/dL group had greater disease severity 
(APACHE II score, 29 vs 26;  P   ,  .01) and had a longer 
ICU length of stay (4.8 vs 2.5 days,  P   ,  .01), but it is 
diffi cult to make inferences about the reasons for 
hypoglycemia from the available data. 

 Another feature often ignored in the confl icting 
literature of intensive insulin therapy is the duration 
of time on the study protocol. Patients in the NICE-
SUGAR trial were on protocol an average of 4.2 days, 
whereas those in the Leuven medical ICU trial were 
on protocol for 12.5 days.  4,7   These two studies had 
different fi ndings, perhaps partially due to differences 
in the duration of time on protocol. In fact, in the sec-
ond (medical ICU) Leuven study, van den Berghe et al  4   
noted that in patients on the protocol  ,  3 days, mor-
tality was increased on intensive insulin therapy. Our 
study excluded patients with diabetic ketoacidosis and 
those on the protocol for a very short time; hence, 
our study may represent a different patient popula-
tion than studies that included patients on intensive 
insulin therapy for a short time. 

 How should these data from Intermountain be inter-
preted? Although the ORs are rather large, this study 
is insuffi cient to change practice, as our fi ndings may 
be limited to the idiosyncrasies of eProtocol-insulin. 
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In our study, it appeared that although targeting a 
moderate glucose reduced hypoglycemia, it did not 
reduce mortality when compared with a tight glucose 
target. The higher glucose target was associated with 
increased mortality risk in patients without diabetes 
and reduced mortality risk in patients without diabetes. 
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very different glucose metrics and mortality risks for 
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acteristics that we failed to incorporate that also 
may have large effects on glycemic control and clin-
ical outcomes. This study should serve as a reminder 
that the optimal management of glucose in the ICU 
remains unknown. The selection of the optimal tar-
get BG level remains controversial, with even greater 
uncertainty regarding other glucose parameters, such 
as glycemic variability. Multiple studies have returned 
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 Conclusions 

 In comparing selected BG targets in an otherwise 
identical insulin protocol, there was a large survival 
benefi t in patients without diabetes on tight target 
glucose compared with moderate target glucose. 
This fi nding was reversed in patients with diabetes. 
Although this fi nding is provocative and hypothesis 
generating, further inquiry will require randomized 
interventional trials comparing target glucose levels, 
implementing an insulin protocol that performs sim-
ilarly in both arms. 
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