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BACKG RO U MND
The optimal target range for blood glucose in critically ill patients remains unclear.

METHODS
Within 24 houars after admission to an intensive care unit (ICL), adualts who were
expected to reguire treatment in the ICU on 3 or more consecutive days were ran-
domly assigned to undergo either intensive ghcose control, with a target blood
glucose range of 81 to 108 mg per deciliter (4.5 to 6.0 mmol per liter), or conven-
tional glucose control, with a target of 180 mg or less per deciliter (100 mmol or
less per liter). We defined the primary end point as death from any cause within 90
dawvs after randomization.

RESULTS
Of the G104 patients who underwent randomization, 3054 were assigned to un-
dergo intensive control and 050 to undergo conventional control ; data with regard
to the primary outcome at day 90 were available for 2010 and 3012 patients, respec-
tively. The two groups had similar characteristics at baseline. A total of 829 patients
(27.5%c) in the inten sive-control group and 7S1 (24.9%) in the conventional-control
group died (odds ratio for intensive controel, 1.1<4; 959% confidence interval, 1.02 to
1.28; P=0.02). The treatment effect did not differ significantly between operative
(surgical) patients and nonoperative (medical) patients (odds ratio for death in the
Iintensive-control group, 1.31 and 1.07, respectively; P=0.10). Severe hypoglyvcemia
(blood glucose lewvel, =40 mg per deciliter [2.2 mmaol per liter]) was reported in 206
of 2016 patients (G5.8%:) in the intensive-control group and 15 of 3014 (0.5%) in the
conventional-control group (P<0.001). There was no significant difference betbween
the two treatment groups in the median number of days in the ICU (P=0.841) or hos-
pital (P= 0.86) or thhe median nmumber of days of mechanical ventilation (P=0.5G) or
renal-replacement therapy (PP=0.29).

COMCLUSIOMNS
Im this large, international, randomized trial, we found that intensive glucose con-
trol increased mortality among adualts in the ICU: a blood glucose target of 180 mg
or less per deciliter resulted in lovwer mortality than did a target of 81 to 108 mg per
deciliter. (ClinicalTrials gov number, MNCTOOZ2200987_)
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HYPERGLYCE.MIA IS COMMON IN ACUTE-
ly ill patients, including those treated in
intensive care units (ICUs).* The occur-
rence of hyperglycemia, in particular severe hyper-
glycemia, is associated with increased morbidity
and mortality in a variety of groups of patients,*5
but trials examining the effects of tighter glucose
control have had conflicting results.®-12 Systematic
reviews and meta-analyses have also led to differ-
ing conclusions.'#15 Nevertheless, many profes-

sional organizations recommend tight glucose con-
i i 16,17

Barriers to widespread adoption of tght glucose
control include the increased risk of severe hyvpo-
glycemia, '+ concerns about the external validity of
some studies,*®*® the difficulty in achieving nor-
moglycemia in critically ill patients,*%** and the
increased resources that would be required.** Be-
cause of these issues and uncertainty about the
balance of risks and benefits, tight glucose con-
trol is used infrequently bv some clinicians.23.2+

We designed the NMormoglycemia in Intensive Care
Evaluation—Survival Using Glucose Algorithm Reg-
ulation (NICE-SUGAR)) trial to test the hypothesis
thar intensive glhicose control reduces mortality at
90 days.

ound and explanation of
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tional-control target of 180 mg or less per deci-
liter (10.0 mmol or less per liver), based on practice
surveys in Australia, New Zealand, and Cana-
da.?3-2% Randomization was stratified according
to type of admission (operative or nonoperative)
and region (Australia and New Zealand or North
America). Patients were randomly assigned to a
treatment group by the clinicians treating them
or by local study coordinators, with the use of a
minimization algorithm?® accessed through a se-
cure Web site. The treatment assignments were
concealed before randomization, but subsequently,
clinical staff were aware of them.

Control of blood glucose was achieved with the
use of an intravenous infusion of insulin in saline.
In the group of patients assigned vo undergo con-
ventional glucose control, insulin was adminis-
tered if the blood glucose level exceeded 180 mg
per deciliter; insulin administrarion was reduced
and then discontinued if the blood glucose level
dropped below 144 mg per deciliter (8.0 mmol per
liter). Blood glucose levels in each patient were
managed as part of the normal duties of the clini-
cal staff at the participating center. In both groups,
this management was guided by treatment algo-
rithms accessed through a secure Web site (for
details of the treatment algorithm, see https:/
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Hly ill patients, including those treated in
intensive care units (ICUs).* The occur-
rence of hyperglycemia, in particular severe hyper-
glycemia, is associated with increased morbidity
and mortality in a variety of groups of patients,**
but trials examining the effects of tighter glucose
control have had conflicting results.®*3 Systematic
reviews and meta-analyses have also led to differ-
ing conclusions.*#*5 Nevertheless, many profes-
sional organizations recommend tight glucose con-
trol for patients treated in ICUs.%¢:*7
Barriers to widespread adoption of tight glucose
control include the increased risk of severe hypo-
glycemia,** concerns about the external validity of
some studies,*®:*? the difficulty in achieving nor-
moglycemia in critically ill patients,??-2* and the
increased resources that would be required.?? Be-
cause of these issues and uncertainty about the
balance of risks and benefits, tight glucose con-
trol is used infrequently by some clinicians.?3.2¢

We designed the Normoglycemia in Intensive Care
Evaluation—Survival Using Glucose Algorithm Reg-
ulation (NICE-SUGAR) trial to test the hypothesis
that intensive glucose control reduces mortality at
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tional-contro! target of 180 mg or less per deci-
liter (10.0 mmol or less per liter), based on practice
surveys in Australia, New Zealand, and Cana-
da.?3-25 Randomization was stratified according
to type of admission (operative or nonoperative)
and region (Australia and New Zealand or North
America). Patients were randomly assigned to a
treatment group by the clinicians treating them
or by local study coordinators, with the use of a
minimization algorithm?2® accessed through a se-
cure Web site. The treatment assignments were
concealed before randomization, but subsequently,
clinical staff were aware of them.

Control of blood glucose was achieved with the
use of an intravenous infusion of insulin in saline.
In the group of patients assigned to undergo con-
ventional glucose control, insulin was adminis-
tered if the blood glucose level exceeded 180 mg
per deciliter; insulin administration was reduced
and then discontinued if the blood glucose level
dropped below 144 mg per deciliter (8.0 mmol per
liter). Blood glucose levels in each patient were
managed as part of the normal duties of the clini-
cal staff at the participating center. In both groups,
this management was guided by treatment algo-
rithms accessed through a secure Web site (for
details of the treatment algorithm, see https://
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METHODS

STUDY DESIGN
e conducted a parallel-group, randomized, con-
trolled trial involving adult medical and surgical
patients admitted to the ICUs of 42 hospitals: 38
academic tertiary care hospitals and 4 community
hospitals. Eligible patients were those expected to
require treatment in the ICU on 3 or more consecu-
tive days (see Appendix A in the Supplementary
Appendix, available with the full text of this article
at NEJM.org). A detailed description of the study
was published previously.?®

The study was approved by the ethics commit
tees of the University of Sydney, the University of
British Columbia, and each participating institu-
tion. Written informed consent, obtained before
randomization, or delayed consent was obtained
from each patient or from a legal surrogate.

Study participants were randomly assigned to
glucose control with one of two target ranges: the
intensive (i.e., tight) control target of 81 to 108 mg
per deciliter (4.5 to 6.0 mmol per liter), based on
that used in previous studies,21* or a conven-

al design (such as parallel,
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details of the treatment algorithm, see httg
studies.thegeorgeinstitute.org/nice/).

The trial intervention was discontinued o
the patient was eating or was discharged from
ICU but was resumed if the patient was readr
ted to the ICU within 90 days. It was discontin
permanently at the time of death or 90 days a
randomization, whichever occurred first.

Blood samples for glucose measurement w
obtained by means of arterial catheters whense
possible; the use of capillary samples was discc
aged. Blood glucose levels were measured with
use of point-of-care or arterial blood gas ana
ers or laboratory analyzers in routine use at e
center. All other aspects of patient care, includ
nutritional management, were carried out at
discretion of the treating clinicians.

Assessments and Data Collection at Baseline

Local study coordinators at each institution .
lected the data; source data were verified by st
monitors from regional coordinating centers
baseline, demographic and clinical characterist
including the Acute Physiology and Chronic He:
Evaluation II (APACHE II) score?? (which can ra
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require treatment in the ICU on 3 or more consecu-
tive days (see Appendix A in the Supplementary
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was published previously.2

—T T STy WS P PTOvE DY TITE SIS CO T
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METHODS

STUDY DESIGN
We conducted a parallel-group, randomized, con-
trolled trial involving adult medical and surgical
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METHODS

STUDY DESIGN
We conducted a parallel-group, randomized, con-
trolled trial involving adult medical and surgical
patients admitted to the ICUs of 42 hospitals: 38
academic tertiary care hospitals and 4 community
hospitals. Eligible patients were those expected to
require treatment in the ICU on 3 or more consecu-
tive days (see Appendix A in the Supplementary
Appendix, available with the full text of this article
at NEJM.org). A detailed description of the study
was published previously.2
The study was approved by the ethics commit
tees of the University of Sydney, the University of
British Columbia, and each participating institu-
tion. Written informed consent, obtained before
randomization, or delayed consent was obtained
from each patient or from a legal surrogate.
Study participants were randomly assigned to
glucose control with one of two target ranges: the
intensive (i.e., tight) control target of 81 to 108 mg
per deciliter (4.5 to 6.0 mmeol per liter), based on
that used in previous studies,1213 pr a conven-

tional-control target of 180 mg or less per deci-
liter (10.0 mmol or less per liter), based on practice
surveys in Australia, New Zealand, and Cana-

da.-*+> Kandomization was stratified according
to type of admission (operative or nonoperative)
and region (Australia and New Zealand or North
America). Patients were randomly assigned to a
treatment group by the clinicians treating them
or by local study coordinators, with the use of a
minimization algorithm?® accessed through a se-
cure Web site. The treatment assignments were
concealed before randomization, but subsequently,
clinical staff were aware of them.

Control of blood glucose was achieved with the
use of an intravenous infusion of insulin in saline.
In the group of patients assigned to undergo con-
ventional glucose control, insulin was adminis-
tered if the blood glucose level exceeded 180 mg
per deciliter; insulin administration was reduced
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Outcome Measures
Outcome measures and statistical analyses were
defined in a prespecified statistical-analysis plan.3°
The primary outcome measure was death from any
cause within 90 days after randomization, in an
analysis that was not adjusted for baseline char-
acteristics. Secondary outcome measures were sur-
vival time during the first 90 days, cause-specific
death (see Appendix C in the Supplementary Ap-
pendix for more information), and durations of
mechanical ventilation, renal-replacement therapy,
and stays in the ICU and hospital. Tertiary out-
comes were death from any cause within 28 days
after randomization, place of death (ICU, hospital
ward, or other), incidence of new organ failure,
positive blood culture, receipt of red-cell transfu-
sion, and volume of the transfusion.

The primary outcome was also examined in six
predefined pairs of subgroups: operative patients
and nonoperative patients, patients with and those
without diabetes, patients with and those without
trauma, patients with and those without severe

ned primary and secondary outcome
ding how and when they were
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sepsis, patients treated and those not treated with
corticosteroids, and patients whose APACHE I
score was 25 or more and those whose score was
less than 25.°

Serious Adverse Events

A blood glucose level of 40 mg per deciliter (2.2
mmol per liter) or less was considered a serious
adverse event. When the blood glucose level was
measured with a bedside point-of-care analyzer,
we requested that the treating clinician obtain a
blood sample for laboratory confirmation before
treating the presumed hypoglycemia. The details
of each event were reviewed by the two study man-
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304 (10.0%) Discontinued inter-
vention
26 (0.99) Were withdrawn
because of patient’s
or surrogate’s request
115 (3.8%) Were withdrawn
because of physician’s
request
116 (3.8%) Were switched to
palliative care
34 (1.1%) Had other reason
13 (0.4%) Were withdrawn
because of serious adverse
event
44 (1.4%) Were lost to follow-up
38 (1.2%) Withdrew or with-
held consent
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3050 Were assigned to undergo
conventional glucose control

3016 (98.8%) Had data included
in the analysis
3010 (98.6%) Had 90-day data
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vention
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in the analysis
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Tabls 1. Baseline Characteristics of the Study Patients.
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wieight — kg
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Operating room
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EBlood glucosa kevel — mgydl
irrgan failure or dysfunction — no_fEotal mo. [5€)
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Coagulatory
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Hepatic
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Cardiowascular
Drysfunction (SOFA soore, 1-2)
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Intensie Glucose Control
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13.4%7.6
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21.1:7.91
1462532 3

12072993 (40.3)
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SE3FI011 (19.4)
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2B 47 3
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Figure 2. Data on Bloeod Glucose Level, According to Treai
Panel A shows mean blood glucose levels. Baseline data :
the last blood glucose measurement cbtained before ran:
data are the average levels from the time of randomizatio
the day of randomization. The bars indicate the 9526 conf
The dashed line indicates 108 mg per deciliter, the upper
range for intensive glucose control. Panel B shows the de
mean time-weighted blocd glucose levels for individual p
dashed lines indicate the modes (most frequent values) i
controel group (blue) and the cormventiconal-control group |
the upper threshold for severe hypoglycemia (black). Toe c
for blood glucose to millimoles per liter, multiply by 0.055

DISCUSSION

In this large, international, randomized trial in-
volving adults in the ICU, we found that intensive
ghicose control, as compared with conventional
glucose control, increased the absolute risk of death
at 90 days by 2.6 percentage points; this repre-
sents a number needed to harm of 38. The dif-
ference in mortality remained significant after
admustment for potential confounders. Severe hy-

poglvcemia was significantly more common with

intensive glucose control.

In conducting our trial, we sought to ensure
a high degree of internal and extermal validity by
concealing treatment assignments before random-
hypoglycemia was low in comparison with the
rates in other trials.

Limitations of our trial include the use of a
subjective criterion — expected length of stay in
the ICU — for inclusion, the inability to make
treating staff and study personnel unaware of
the treatment-group assignments, and achieve-
ment of a glucose level modestly above the target
range in a substantial proportion of patients in
the intensive-control group. We did not collect
specific data to address potential biologic mech-
anisms of the trial interventions or their costs.
On the basis of the results in the predefined pairs
of subgroups., we cannot exclude the possibility
that intensive glucose control may benefit some
patients.|

Our findings differ from those of a recent
meta-analysis showing that intensive glucose con-
trol did not significantly alter mortality among

ization, selecting a long-term outcome that is not
subject to biased ascertainment, evaluating a num-
ber of clinically important outcomes, achieving

with current evidence-based feeding guic
whereas a substantial proportion of the
included in the meta-analysis received |
nantly parenteral nutrition.t+3+

Our trial had greater statistical pow
previous trials, as well as a longer follow-u
than all but two trials in the meta-analys
our results may be due to a specific effe
treatment algorithm, may be most gene
to patients receiving predominantly ente
tion, or may reflect harm not apparent
with shorter follow-up and lower statistic:

In our trial, more patients in the i1
control group than in the conventiona
group were treated with corticosteroids,
excess dearths in the intensive-control gr
predominantly from cardiovascular caus:
differences might suggest that reducing b
cose levels by the administration of ins
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in Critically Ill Patients
The MICE-SLHGZAR Study Investigators™

Intensive versus Conventional Glucose

ber and name of trial registry?

YES

Control

ABSTE ACT

BT S O L D
The opima! target range for Blooed glocose in critically 711 patents remains anclear.

M ETHO DN
Within 24 howurs afer admission oo an intensive care unit (IEL), adoelts who were
expected o reguire treastments Fn the HCLDT on 3 or more oonssecutive days werne ran-
domly as=signed o nndergo efther inensive ghhoose contnod, with a arger blowad
gluocose range of 1 o 108 myg per decEliter (4.5 oo G600 mmeol per 1iter), or oormeen-
tional gphhcoss conorol, with a2 targer of 150 mg or less per deciliter {100 mumerl ar
less: per liter). We defined the primary end point as dearh from amy caonse within 90
day=s after randormiz aciom .

RESULTS
Of the &1042 parfents who ondervwent randomizaton, 1059 were assfgmed o un-
dergo Intensive contro! and 050 to endergo convention al conorol ; data wicth regard
o the primary outooamme at day 0 were available for 000 and 012 parients, respec-
civel. The o groups had sfmilar characteristics at baseline. A tocal of 8279 patients
(27. %% n the inensive-control group and 751 (24990 in che coowenttona -oonerod
group died dds racho for intensive control, 1.14; 955% con fidence mrerval, 102 to
1.Z8; P=0.0F). The treatment effece did noc differ signiffcantly beoween operative
(surgicall pacfents and nonoperative (medical)d patients (odds ratio for death in the
imntensve-control group, 1-.31 and 107, respectively; P=0L100L Severe by poghoemia
(Bload plecose leve!, <40 mg per decilicer [2.2 mmaal per liter]d was reporoed o 20406
of Z0G patients (5.89%:] in the Intensive-contro! group and 15 of S04 LS9%) in the
comrentionak-ocontne! group (P<O0u1) There was oo significant difference between
he WO Treamment groups o the median mamber of days in che T (P=10LE4) or hoes-
piral (P=0LE&) or the median mumber of das of mechanical venr?! ation (P= (L5650 or
renalbrep! acement therapy (P= U300

CiHCLUS NS

In this large, intremarional, randomized orial, we fouond that inten sive gluoose oom-
tro! increased morrtality among aduolts in the IEL: a blood gluoose targes of 1820 mg
or less per deciliter resu! ted 'n lowser mortal foy thian diid a carget of 1 oo 10E mg per
dectliter. (Clinfcal Trials.gow numdser, BTN 20WRET_)

The HICE-SLBGa R study is a ocollab-oea-
Eon of the samsaralian and Mew Tealand
bntensive Care Socciety Clinical Trials
Coomp, the Geonges Institube for Inberna-
monal Health [University of Sydney]. the
Canadian Tritical Cane Trials Gooap, and
the Vanoowower Coastal Health Research
Ebnstinee [ Unieersity of British Colambial.
The HHECE-SUNGAR shedy writing oomrmit-
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the conventional-control group, among all patients and
in six predefined pairs of subgroups. The size of the
symbols indicates the relative numbers of deaths. The
Acute Physiology and Chronic Health Evaluation 11
(APACHE 1) score can range from 0 to 71, with higher
scores indicating more severe organ dysfunction.

al.,*? intensive glucose control has been widely
recommended!®” on the assumption that treat-
ment aimed at normoglycemia will benefit pa-
tients. As noted in other fields of medicine,3? a
clinical trial targeting a perceived risk factor (in
this case, hyperglycemia) is a test of a complex
strategy that may have profound effects beyond
its effect on the risk factor (here, the blood glu-
cose level). Our findings suggest that a goal of
normoglycemia for glucose control does not nec-

ng and other support (such as supply
f funders?

YES

resulred 111 1I0Wer MOrtdlity tidll 4 tdrget or 81 to
108 mg per deciliter. On the basis of our results,
we do not recommend use of the lower target in
critically ill adults.
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