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2013/5—2014/8
pOpiIcy it

2015/2—-2016/4

AR

Conventional control period
March 2013 to August 2014
n = 2694 ICU patients

Liberal control period
February 2015 to April 2016
n = 2184 ICU patients

ICURE : 2694 A

Patients without diabetes
n= 2329

* Fﬁ, =; = 5 (received conventional control) |
3E = 17J< ﬁ Ial.‘?\ % Median (IQR) TWA blood glucose

74(64,85) mmoll

Patients with DKA/HHS

D KA/ HHS — (received DT(ZILSHS-speciﬁc 1

control)

Patients without diabetes
n= 1820

Median (IQR) TWA blood glucose
74(64,85) mmoll

(received conventional control)

Patients with DKA/HHS
n=14

control)

(received DKA/HHS-specific

Patients with diabetes included in

350 A =

(received conventional control)

Patients with diabetes included in
SUEET
n =350
(received liberal control)

ICURE : 2184 A

350A
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TABLE 1. Baseline Characteristics of the Patients Dunng the Liberal and Conventional
Glucose Control Periods : ‘ 7 ¥

Al \
jl\kﬁi t 5(1- %% %i Z‘\ ‘j: Age, yr, median (IOR) 67 (50-75) 68 (60-75) 07
. % I'i Malo, n (%) 256 (73.1) 232 (663) @
jl\kﬁi L: j:_; L \ ( ﬁ =] L: Body weight, kg (n = 643), median (IOR) 86 (72-101) 84 (71-96) 0.18
7N HbA1¢, % (n = 667), median (IOR) 68 (6.1-78) 70 (62-8.1) 0.06

== /|\$ ﬁX 1\/\ Comorbidty, n (%)
=3 —:E\ Eﬁxz:é End-stago ronal faikure 44(126) 24 (69) @

A H} l:& TE Chronic lung disoaso 30(11.1) 71 (17 012
- I Chronic Ivor disoase 43(123) J0 (86) on
B
& N i Chronic cardiovascular disoase 26 (74) 34 (07 098
75§\ %77 75\ >, 71—:. o R —— 20.1) 21 (1) 050

Fower, n (%)" 196 (446) 150 (454) 082

Vasoprossor, n (%) 131 (374) 128 (366) 081

AI n¥ n&%&{im Machanical ventilabion, n (%) 222 (834) 188 (537) @
Eﬁ!{’e gﬁiﬁ{im Ronal replacomaont thotapy, n (%) 23 (66) 1(31) @

APACHE Il score, median (1OR) 60 (45-T5) 56 (43-70) 008

\
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TABLE 1. Baseline Characteristics of the Patients Durin
Glucose Control Periods f

It AR

the Liberal ang Conventional

APACH E Il Moan 95% 1 risk of doatn, %

an
Liberal Control Conventional Control

Charactoristics (n = 350) (n = 350) P
Diabotos typa, n (%) 073

Typa 1 16 (46) 18 (%)

Typa 2 334 (054) 332 (049)
Typo-2 diabotos troatmeant, n (%) 1 T8

nsuln 1127334 (335) 1037332 (31.0)

Oral hypoglycamic agants only 160/334 (479) 1667332 (50.0)

Dsot controlied 627334 (187) 637332 (10.0)
Chronic storoid usa, n (%) 33 (04) 37 (106) 061
Recent high-dose sleroids, n (%) 8(2.3) 12(34) 036
ICU admission sourca, n (%) Q16

Oporating room 179 (51.1) 202 (577)

Emargency dopartmant 58 (168) 820177

Ward 80 (229) 61(174)

Othar hospital 33 (0.4) 25 (71)
Admission daagnosis, n (%) 013

Oparative 179 (51.1) 199 (56.9)

Nonoporative 171 (489) 151 (43.1)

APACHE I 105 (169-220) 162 (139-1886) Q.07

A N Z R D m Od el Australian and Now Zoaland Risk of Doath modal
Full modol 150 (127-174) 123 (10.1=-14.4) 0
With glucose componant removed 148 (125-171) 120 (00-14.1) 0

APACHE = Acute Physciogy and Civonec Health Evahuation, IOR = rterquartie range

*Body tempenture > 3.3°C
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Table S1. ICU admission diagnosis.

X R EF

Liberal Conventional
control control
Admission diagnosis (n = 350) (n = 350)
Operative admission diagnosis, n (%)
Cardiovascular surgery 121 (34.6) 117 (33.4)
Gastrointestinal surgery 35 (10.0) 46 (13.1)
Lung surgery 6 (1.7) 15 (4.3)
Neurosurgery 5((1.4) 2 (0.6)
Trauma surgery 1 (0.3) 1 (0.3)
Renal/Genitourinary 5(1.4) 7 (2.0)
Musculoskeletal 4 (1.1) 11 (3.1)
Hematological 1 (0.3) o
Metabolic 1 (0.3) o
Nonoperative admission diagnosis, n (%)
Cardiovascular 39 (11.1) 35 (10.0)
Respiratory 31 (8.9) 30 (8.6)
Gastrointestinal 25 (7.1) 13 (3.7)
Sepsis 29 (8.3) 22 (6.3)
Neurological 25 (7.1) 18 (56.1)
Trauma 4 (1.1) 4 (1.1)
Metabolic 4 (1.1) 19 (5.4)
Hematological 1 (0.3) 4 (1.1)
Renal/Genitourinary 13 (3.7) 6 (1.7)

Values are expressed as n (%).
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Flowchart: Blood Glucose Management in ICU BS:lOS_lSOmg/dL BSlSO-ZSng/dL

Target BGL = 6-10mmol/l
Perform BGL on Admission

BGL =6-10m ON Insulin-BGL >10 mmol/l
NOT ON Insulin-BGL >14 mmol/l Perform BGL 4hriy
y Commence Protocol
BGL > 10 mmol/l W= Sl ==
BS > Camnens Foos ok BS > 4h#E o) I #5381 E
y N[ D=
180 g d 4hﬁa)_m1*fni;ﬁljm 180mg/dL Table: Insulin Infusion Protocol
mg/
: . Starting .
I n S u I I n : Subsequent Infusion Repeat BGL
Infusion
Table: Insulin Infusion Protocol (
Starting : : 1§ m 5 ,p) ) mmol/l Units IV Units/hr Units/hr Hours
infusion Subsequent infusion Repeat BGL
mmol Units IV | Unitshr | Unitsour Hours >0 ¢ BPIR increase by 2 !
>15 2 2 Increase by 1 1 >16 4 BPIR-05 Increase by 1 1
101149 |1 ! Increase by 1 1 >14 2 BPIR-1 Increase by 1 1
8-10 - 5 If BGL dropping continue current rate 1
If static or rising increase by 0.5 10-14 0 BPIR-15 Continue currentrate 1
Continue current rate 1 (2hrly if
579 0 0 If BGL dropping for 2 consecutive hrs | BGL stable 810 0 0 Drop by 1 1
decrease rate by 0.5 for 6 hrs)
6-8 0 0 Dropby 2 1
3549 0 0 Cease 1 (¥ ol
insulin>6hrs) o 0 o " .
4- 10
a5 caimMo |0 Cease : P
Stop and administer 10ml of
< 0 0 50%glucose at 1 mi/min !
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Liberal glucose control

117

Blood Glucose Level (mmol/I)

10
R L
. {%i%ﬁ
9- Conventional glucose control
P<0.001
8

T T T T

0 24 48 72 96 120 144 168
Hours since first glucose measurement

No. ofpatientsl CU A:l:!ﬂ_ UbA%&w*ﬁ*z

jI\AE¥ Liberal control 60 ¥ 2
3'(;1' ggg¥ Conventional control 350 292 227 136 109 72 56 41 I C EJ ]\ == j\ & O) % T O) ﬁ =N #
DEeEIE7 L,

Figure 1. Mean (St) blood glucose levels during liberal glucose control (solid line) and conventional glucose
control (dashed line) during the first week in ICU. p value represent the overall difference between groups on
repeated-measures analysis of variance. Time zero data are the mean levels during the first 12hr, 24-hr data are
the mean levels between 12 and 24 hr, 48-hr data are the mean levels between 24 and 48hr, etc. To convert
the values for blood glucose to mg/dL, multiply by 18,




Result() TR D ELER

HEEEAABT e HIRE
| _Y_QZ E >8] jl\Ag¥
BRERBD 27, 3 .
z
'.E 0.4
E Logrank P = 0.24
0.2
—— Conventional
D.D-I | | | | | | — Liberal

Days since ICU admission

Mumber at risk
Conventional 350 332 326 d24 319 316 32
Liberal 350 328 314 06 305 302 301



TABLE 3. Unadjusted Exploratory Clinical

Result @ — 1 Somes

Control Control
OQutcomes (n = 350) (n = 350) P
e A%E Hospital mortality, n (%) 57 (16.3) 49 (14.0) 0.40

Ig).—TE m % t\ 3 O E J;{ W 0) TI: t % Obriiggﬁt;e;ﬁ;itid 57/52 49/42 0.37
I M oo /;.;._‘_I = Proxicr;':;tti‘cs%;oe)of O.77
A_ ka8 e IEEAR 1 L\’Cﬁ_

Neurologic 18/57 (31.6) 20/49 (40.8)
\ 7" et
/LJ\ ‘j: 79\ 75 D Zo Cardiogenic shock 11/57 (19.3) 9/49 (18.4)
Distributive shock 8/57 (14.0) 9/49 (18.4)
Hypoxic respiratory 9/57 (158) 4/49 (8.2)
failure

3 O E J;( Ijq 0) | C U \;%Efre e:/H\:H Faﬁ Lj: Metabolic 5/57 (8.8) 5/49 (10.2)
\ Arrhythmia 4/57 (7.0) 1/49 (2.0)
/\Aﬁi‘f\\ j:26 9 E —j(j- [_/ T Cerebral 1/57 (1.8) (o)
Othe 1/57 (1.8) 1749 (2.0)
}I(j-/m%$f\\ j:27 5 EI & 3OEqua)Ttt$30dm;rtau.tyn(o o) 49 (14.0) 39 (11.1) 025
- ICU mortality, n (96) 39(11.1) 26 (7.4) 0.09
< P o O O O 3> Total dL.rJ]rationl of j . 19 (9-70) 16 (9—-46) 0.30
BREZDOT (ERER) HTHREEERRL G
ICUiEfreelAfE] '“day 50, median (10R) (19.2-28.5) (948339.0)

IQR = interquartile range.

*Expected mortality was derived from the Australian and New Zealand Risk of
Death model with glucose component removed.
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for the full ANZROD model

Table S7. Risk estimates for exploratory clinical outcomes with liberal glucose control adjusted

— L2l ZEEENTT
AEETH & —

AN :
) I A %i t Odds ratio for ICU mortality

| C U \;-E'mH"- E f r e e ;H\:H Faﬂ ‘j: Coefficient for hours of

WAL L7-BEE LD - 7=,

| C U fl’e e,ﬁﬂ ﬁfﬁ — 3 O o ( \-Hj-?— [/ 7L— E &) association with ICU-free days

BOEFEﬁEpd)lCU “—/I'I'JY_ L/fd\ 75\/)7'1_ Variable

T, FETor ICURTEIOBH LU E  [aaron e

0) i%é\ (l: (,j: O t jj '_7 \/ l\ é *L % o Renal replacement therapy on admission

Adjusted Risk estimate
Statistical Model (95% ClI) P Value
Odds ratio for hospital mortality Logistic regression 1.02 (0.61-1.72) 0.93
Hazard ratio for 30-day mortality Cox regression 0.99 (0.65-1.52) 0.98
Logistic regression 1.48 (0.77-2.82) 0.24
Linear regression 1.11 (0.88 to 1.40) 0.36
mechanical ventilation
Coefficient for ICU-free days Median linear regression -0.25 (-0.59 to 0.09) 0.15
Table S6. Multivariable median linear regression analysis showing the
Coefficient (95% CI) P Value
Liberal glucose control -0.24 (-0.65 t0 0.18) ( 0.26 )
-0.32 (-0.33 t0 -0.31) <0.001
-2.64 (-3.62 to -1.66) <0.001
Recent high-dose steroids -2.58 (-3.83 to -1.33) <0.001
Chronic steroid use 1.10 (0.38 to 1.83) 0.003
Vasopressor therapy on admission -1.31 (-1.74 to -0.88) <0.001
®Australian and New Zealand Risk of Death model with glucose component removed
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BEN%E D odds(95%Cl)

HbAlc :7%L{E

1.16 (0.51-2.62)
ANZROD : 10% X £

0.95(0.51-1.75)

&)
2.18(0.80-5.99)
0.70(0.09-5.75)

F Al
R FE

UL > EMtZIT>7- LT

7 % i
0.97(0.43-1.93)
10% Kt
0.91(0.36-2.26)
7L

0.75(0.40-1.39)
1.02(0.60-1.73)

AR - WRED LR Z L 7=,

Table S8. Adjusted odds ratios for hospital mortality in the liberal control group as compared with the conventional control group

according to HbA1c level, ANZROD, operative admission, and sepsis.

Liberal Conventional
Control Control P Value for
Subgroup (n=350) (n=350) Odds Ratio for hospital mortality (35% CI)* heterogeneity
no. of deaths/ no. with available data
HbA1c 0.72
—
<T% 33192 23/161 . 0.97 (0.48-1.93)
I
=% 22/148 20/166 i 1.16 (0.51-2.62)
ANZROD : 094
—q—
<10% 9/217 11/251 i 0.91(0.36-2.26)
=10% 48/133 38/99 _._i_ 0.95 (0.51-1.75)
Operative admission i 0.11
No 41171 371151 _+_ 0.75 (0.40-1.39)
i
Yes 16/179 12199 5 B 1 s 18 22 25 T 218 (0.80-5.99)
Sepsis 0.63
No 55/321 47/328 1.02 (0.60-1.73)
Yes 2129 2/22 > 0.70(0.09-5.75)
Liberal Conventional
control control
better better

*Adjusted for the Australian and New Zealand Risk of Death (ANZROD) model with glucose component removed
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Control Periods

Variables

Number of glucose measurements/d, median (IQR)

Time-weighted average blood glucose level, mmol/L, median (IOR)

Insulin hﬂﬂ;ﬁ Insulin therapy, n (%)

Peak insulin infusion rate in treated patients, U/hr, median (IQR)
Insulin infusion duration, hr, median (IQR)

Proportion of time in target range, %, median (IOR)

/

/< J:—) Proportion of time above target range, %, median (IQR)
L —f_) Proportion of time below target range, %, median (IOR)
Glycemic variability, median (IOR)

Z5El)  ciycemic labitty index, (mmol/L)2/hr/wk

sp, mmol/L

/

4

Coefficient of variation, %
Patients having at least one episode of hypoglycemia, n (%)

Episodes of hypoglycemia, n (%)

Episodes of severe hypoglycemia, n (%o)°

Patients having at least one episode of severe hypoglycemia, n (%)°

Liberal Control
(n=2350)

6.3 (4.7-84)
11.0(87-120)
132 (377)
5(2-7)
18 (6-51)
39 (13-54)
7(0-26)
42(19-83)
59 (24-107)
22(1.4-30)
1(16-29)
23 (6.6)
46/7611 (06)
3(09)
5/7611 (0.07)

X ZREF

Conventional

Control (n = 350)

6.1 (44-89)
96 (85-11.0)
188 (537)
4(2-6)
24 (12-48)
50 (33-70)
39 (17-60)
0(0-9)
66 (34-125)
20(15-29)
22(16-29)
30(86)
45/6439 (0.7)
2(06)
3/6,439 (0.05)

TABLE 2. Glycemic Control of the Patients During the Liberal and Conventional Glucose

T ABE

IQR = interquartile range.

*Blood glucose < 3.9 mmol/L.

*Blood glucose < 2.2 mmol/L.

To convert the values for blood glucose to mg/dL, multiply by 18.
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Table S2. Glycemic control in patients with HbA1c of 7% or more

X

JERE

Liberal Conventional
control control
Variable (n = 148) (n = 166) P Value
No. of glucose measurements per day 6.4 (4.8, 8.4) 6.3 (4.3, 9.0) 0.61
Time-weighted average blood glucose 12.0 (11.0, 13.0) 10.0 (9.2, 11.0) <0.001
level, mmol/l
Insulin therapy, n (%) 75 (50.7) 105 (63.3) 0.02
Peak insulin infusion rate in treated 5(3,7) 4 (3, 6) 0.32
patients, units per hour
Proportion of time in target range, % 48 (33, 60) 44 (30, 63) 0.32
Proportion of time above target range, % 20 (0, 33) 50 (31, 68) <0.001
Proportion of time below target range, % 24 (13, 46) 0 (0, 7) <0.001
Glycemic variability
Standard deviation, mmol/| 2.5 (1.9, 3.4) 2.3(1.7,3.2) 0.09
Coefficient of variation, % 23 (17, 29) 22 (17, 31) 0.68
Glycemic lability index, 77 (45, 119) 82 (40, 150) 0.39
[mmol/L]?*/hour/week
Patients having at least one episode of 6 (4.1) 16 (9.6) 0.05
hypoglycemia, n (%)%
Episodes of hypoglycemia, n (%)? 9/3180 (0.3) 22/3330 (0.7) 0.0D
Patients having at least one episode of (0] 1 (0.6) 1.0
severe hypoglycemia, n (°A>)b
Episodes of severe hypoglycemia, n (%)b (0] 1/3330 (0.03) 1.0

Values are expressed as median (IQR) or n (%).
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%ll‘i Male, n (%) ﬁ

Ex omorbidity, n (96)
ﬁ : I\ End-stage renal failure

BREBEEER

TABLE 1. Baseline Characteristics of the Patients Durmg the Liberal and Conventional
Glucose Control Periods N\ : 73 |/

Age, yr, median ( oR) 67 (59-75)

256 (73.1)

Body weight, kg (n = 643), median (IOR) 86 (T2-101) 0.18
HbA1c, % (n = 667), median (JOR) 68 (6.1-78) 0.06
Diabetes type, n (%) 0.73
Type 1 16 (4.6) 18 (5.1)
Type 2 334 (954) 32 (94.9)
Ty , n (%56) 0.78

nsuan

Oral hypoglycemic agents only

Diet controlle

Chronic steroid use, n (%)

Recent high-dose ) 8(2 ) (3.4)
ICU admission source, n (%)
Operating room 179 (51.1) 202 (57.7)
Emergency department 58 (16.6) 62 (177)
Ward 80 (22.9) 61 (174)
Other hospita 33 (9.4) 25(71)
Admission diagnosis, n (%) 0.13
Operative 179 (51.1) 199 (56.9)

Nonoperative 171 (48.9) 151 (43.1)

44 (125) 24 (69)
Chronic lung disease 39 (11.1) 27 (77) [ p”.
Chronic liver disease 43 (123) 30 (85) 11
Malignancy 21 (6.0) 19 (5.4) 0.75

Chronic cardiovascular disease 26 (74) 34 (

Chronic immune disease 32(9.1) 27 (77)
Fever, n (%)* 156 (446) 150 (45.4) 082
131 (374) 128 (366) =
Mechanical ventilation, n (%) 222 (63.4) 188 (53.7) @
ant therapy, n (%) 23 (656) 11 (3.1) @
ore, median (IQR) 60 (45-T5) 56 (43-70) 0.08
Mean (95% CI) risk of death, %
APACHE Il 195 (16.9-22.0) 162 (139-186) 0.07

Australian and New Zealand Risk of Death mode
150 (12.7-174)
48 (125-17.1)

123 (10.1-
120 (899-14.1) 0.08

Full model

With glucose component remowve

APACHE = Acute Physiology and Chronic Health Evaluation, IOR = interquartie range
“Sody temperature = 38.3°C
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TABLE 3. Unadjusted Exploratory Clinical

PNae 1 E1 b bt

P

0.40
0.37

0.77

0.25
0.09

Outcomes
Liberal Conventional
Control Control
Outcomes (n = 350) (n = 350)
Hospital mortality, n (96) 57 (16.3) 49 (14.0)
Observed/expected 57/52 49/42
mortality ratio® n
Proximate cause of
death, n (96)
Neurologic 18/57 (31.6) 20/49 (40.8)
Cardiogenic shock 11/57 (19.3) 9/49 (18.4)
Distributive shock 8/57 (140) 9/49(18.4)
Hypoxic respiratory 9/57 (158) 4/49 (8.2)
failure
Metabolic 5/57 (8.8) 5749 (10.2)
Arrhythmia 4/57 (7.0) 1/49 (2.0)
Cerebral 1/57 (1.8) O
Other 1/57 (1.8) 1749 (2.0)
49 (14.0) 39(11.1)
ICU mortality, n (%) 39 (11.1) 26 (7.4)
Total duration of 19 (9-70) 16 (9-46) 0.30
ICU-free days through 26.9 275

day 30, median (IQR) (19.2-28.5)

(94.0—'29.0)

IQR = interquartile range.
*Expected mortality was derived from the Australian and New Zealand Risk of

Death model with glucose component removed.
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