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Outline

1. Glycaemic control in ICU

* Observational studies
* Intervention studies

2. Current guidelines for glycaemic control in ICU and in hospital
3. Critical iliness associated hyperglycaemia vs. pre-existing T2DM

« Definition
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Is hyperglycaemia harmful or a

physiological response to critical illness?



Hyperglycaemia and mortality

=
&
£
@
e
]
o
=
L
=
]
@
=

6.2-8.0
111-145
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Outline

1. Implications of glycaemic control in ICU

* Observational studies

* Intervention studies



Intensive insulin treatment in ICU
euven surgical trial

Prospective randomised controlled study (n=1,548)
Admitted to surgical ICU and receiving mechanical ventilation
Mean age 63 years; 71% males; post-cardiac surgery (63%)
Treatment:

« Intensive insulin treatment (11'T): BSL target 4.4-6.1 mmol/L

« conventional treatment: insulin if BSL > 11.9 mmol/L; target
10.0-11.1 mmol/L

Van den Berghe, et al. NEJM (2001)
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Acute hyperglycaemia is harmful and should
be aggressively treated?



Intensive insulin therapy in ICU
NICE-SUGAR

« Multicentre Normoglycaemia in Intensive Care Evaluation Survival
Using Glucose Algorithm Regulation (NICE-SUGAR)

« Mixed surgical/medical ICU
* IIT (4.5-6 mmol/L)

e Conventional (< 20mmol/L); insulin infusion ceased if BSL < 8
mmol/L

NICE SUGAR Investigators NEJM (2009)



Intensive insulin therapy causes harm

Probability of Survival
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Other trials?



No. deaths / total no. patients Eavours IIT Favours control

Study T Control  Risk ratio (95% CI) < >

Mixed ICU 5

Yu et al.3 4/28 427 0.96 (0.27-3.47) -|

Henderson et al.3 5/32 7/35 0.78 (0.28-2.22) O

Mitchell et al.3s 9/35 3/35 3.00 (0.89-10.16) o >

Wang et al.:® 7/58 26/58 0.27 (0.13-0.57) |

Azevedo et al.22 38/168 42/169 0.91 (0.62-1.34) +

McMullin et al.3 6/11 4/9 1.23 (0.49-3.04) -

Devos et al.!3 107/550 89/551 1.20 (0.93-1.55) I

Brunkhorst et al.1! 98/247 102/288 1.12 (0.90-1.39) I

lapichino et al.32 15/45 12/45 1.25 (0.66-2.36) —

He et al.30 16/58 29/64 0.61 (0.37-1.00) +

Zhang et al.% 4/168 6/170 0.67 (0.19-2.35) -

De La Rosa Gdel et al.12 102/254 96/250 1.05 (0.84-1.30) --

Arabi et al.1 72/266 83/257 0.84 (0.64-1.09) - |

Mackenzie et al.33 39/121 47/119 0.82 (0.58-1.15) —.-—

NICESUIGAR1E 279/3010 751/3012 110 (1 011 201} .

All mixed ICU patients 1351/5051 1301/5089 0.99 (0.87-1.12) ; I
0.1 1 10

Risk ratio (95% CI)

esdale D et g A 0[0}°



Study

No. deaths / total no. patients

T

Control

Risk ratio (95% CI)

Favours lIT Favours control

sl .
- il

Medical ICU

Bland et al.®

Van den Berghe et al.?
Walters et al.3”

Farah et al.Z7

Oksanen et al.3®

1/5
214/595
1713
22/41
13/39

2031

2/5
228/605
0/12
22/48
18/51

2537724

270/736

0/15 2.50 (0.13-49.05)

0.50 (0.06-3.91)
0.95 (0.82-1.11)
2.79 (0.12-62.48)
1.17 (0.77-1.78)
0.94 (0.53-1.68)

1.00 (0.78-1.28)

Van den Berghe et al .8
Grey et al.28

Bilotta et al.2

He et al.2®

Bilotta et al.z3

All surgical ICU patients
All ICU patients

55/765
4/34
6/40
7/150
5/48

7711037

1681/6812

85/783
6/27
7/38
6/38
6/49

110/935
1681/6760

0.66 (0.48-0.92)
0.53 (0.17-1.69)
0.81 (0.30-2.20)
0.30 (0.11-0.83)
0.85 (0.28-2.60)
0.63 (0.44-0.91)
0.93 (0.83-1.04)

Risk ratio (95% CI)

Griesdale D et al CMAJ 2009



No. deaths / total no. patients Favours IIT Favours control

Study T Control  Risk ratio (95% CI) < >

Medical ICU :

Bland et al.®5 1/5 215 0.50 (0.06-3.91) I

Van den Berghe et al.? 214/595 228/605 0.95 (0.82-1.11) -

Walters et al.37 1/13 012 2.79 (0.12-62.48) : >

Farah et al.Z? 22/41 22/48 1.17 (0.77-1.78) —I—

Oksanen et al.3® 13/39 18/51 0.94 (0.53-1.68) _-._

Bruno et al.2® 2/31 0/15 2.50 (0.13-49.05) i ~ >

All medical ICU patients 253/724 270/736 1.00 (0.78-1.28) ‘

Surgical ICU :

Van den Berghe et al ® 55/765 85/783 0.66 (0.48-0.92) —-—

Grey et al.2s 434 6/27 0.53 (0.17-1.69) :

Bilotta et al.2* 6/40 7/38 0.81 (0.30-2.20) =

He et al.® 7/150 6/38 0.30 (0.11-0.83) =

Bilotta et al.z3 5/48 6/49 0.85 (0.28-2.60) -

All surgical ICU patients 7711037 110/935 0.63 (0.44-0.91) ’
—giretpatierts— g S 1 e S T O S O T OO0 O 308 =10} *

|
0.1 1 10

Risk ratio (95% CI)

esdale D et g A 0[0}°



No. deaths / total no. patients

Favours IIT Favours control
Study T Control  Risk ratio (95% CI) < >
Medical ICU :
Bland et al.®5 1/5 215 0.50 (0.06-3.91) I
Van den Berghe et al.® 214/595 228/605 0.95 (0.82-1.11) -
Walters et al.37 1/13 012 2.79 (0.12-62.48) : >
Farah et al.Z? 22/41 22/48 1.17 (0.77-1.78) —I—
Oksanen et al.3® 13/39 18/51 0.94 (0.53-1.68) _-._
Bruno et al.2¢ 2/31 0/15 2.50 (0.13-49.05) -
All medical ICU patients 253/724 270/736 1.00 (0.78-1.28) ‘
Surgical ICU :
Van den Berghe et al ® 55/765 85/783 0.66 (0.48-0.92) —-—
Grey et al.2s 434 6/27 0.53 (0.17-1.69) :
Bilotta et al.2* 6/40 7/38 0.81 (0.30-2.20) =
He et al.2® 7/150 6/38 0.30 (0.11-0.83)
Bilotta et al.z3 5/48 6/49 0.85 (0.28-2.60) = i
All surgical ICU patients 7711037 110/935 0.63 (0.44-0.91) ’
All ICU patients 1681/6812 1681/6760 0.93 (0.83-1.04) ‘

0.1

Risk ratio (95% CI)

10



Reason for differential findings



Reason for differential findings

* Heterogeneous population
 Different targets/protocols/expertise

* Leuven surgical trial high mortality rate in control group - ?due
to large glucose load: patients given glucose 200-300 g / 24 h
glucose with early introduction of parenteral/enteral feeding

* Issues with potential accuracy of glucose measurements
(glucometer), potassium balance, centre experience with
protocols



J shaped curve glycaemia and mortality
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Mechanism of harm

* Hypoglycaemia
* Acute effects (arrhythmia)

 Alterations in physiological response to subsequent
hypoglycaemia

» Legacy effect — metabolic memory
« ?autonomic dysfunction
* Glycaemic variability



Intensive
B Insulin
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Novel approaches?



Novel approaches?

e GLP-1 based therapy
 glucose independent



GLP-1in ICU
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Outline

1. Implications of glycaemic control in ICU

e Observational studies
* Intervention studies
2. Current guidelines for glycaemic control in ICU and in hospital



Guidelines - ICU

 ldeal glucose range in ICU unknown
» Targeting BSL < 6 mmol/L avoided
* Optimal range is controversial

e ?7.8-10 mmol/L

 76.0-10 mmol/L

¢ ?76.1-7.8 mmol/L



ADA 2016 Guidelines

Glycemic Targets for
' Critically lll Individuals

Insulin is the preferred method for achieving glycemic control
for diabetes care in the hospital

Critically ill individuals

Persistent hyperglycemia:

» Initiate insulin starting at =180 mg/dL (10.0 mmol/L)

» Once insulin started, a target glucose range of 140-180 mg/dL
(7.8-10.0 mmol/L) is recommended for most patients

More stringent targets may be appropriate for certain patients providing
no increased hy ‘Iaycemia risk
» 110-140 mgfgf% .1-7.8 mmol/L)

Hypoglycemia management protocol should be established for each patient
» Plan for prevention and treatment
» Episodes should be documented and tracked
» Review and change treatment regimen when glucose is <70 mg/dL
(3.9 mmol/L)



Guidelines — general hospital

We sought to achieve concordance in our recommendation to a single target glucose level for the majority of

clinical situations, although there are some differences in the limited data for different scenarios. The overall
recommendation is that for most hospital patients with hyperglycaemia, treatment should be instituted to
achieve and maintain blood glucose (BG) levels below 10 mmol/L, but because of the potential dangers of
hypoglycaemia, treatment should not aim to lower glucose levels below 5 mmol/L.

Australian Diabetes Society Guidelines for Routine Glucose Control in Hospital, 2012



Guidelines — general hospital
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Critical 1lIness associated hyperglycaemia

« Definition: blood glucose concentrations that, in health, would lead
to a diagnosis of diabetes, but occur in critically ill patients without
diabetes



Critical 1lIness associated hyperglycaemia

* Prevalence = ~50%
e 1000 consecutively admitted patients to ICU*

* Pre-existing diagnosed and unrecognised T2DM excluded by
contacting GP/care giver and obtaining HbAlc

e VvsS. 12-40% with T2DM

*Plummer M et al Intensive Care Medicine 2014



Critical 1lIness associated hyperglycaemia

« Pathophysiology
« temporary insulin resistance, insulin deficiency, glucagon
e counter-regulatory hormones, inflammatory mediators
* medical intervention (glucocorticoids, nutrition, pressors)

*Plummer M et al Intensive Care Medicine 2014



Critical illness associated hyperglycaemia

* Does It predict subsequent T2DM?



Events, Events, %

OR (95% ClI) SH Normal Weight

Study

Gornik (18) 5.66 (2.95, 10.86) 331193 14/398 34.60

Gornik (19) 5.16 (1.48, 18.03) 8/51 4115 14.78

McAllister (20) 2.39 (1.20, 4.76) 117208 3711620  32.67

Van Ackerbroeck (21) 1.95 (0.65, 5.86) 20/246 4/92 17.95

Overall (I-squared = 36.5%, p = 0.193) <> 3.48 (2.02, 5.98) 72/698 59/2225 100.00
1
|
1
[
JEAE

16

Gornik | et al, Crit Care, 2010;14:R130
Gornik | et al, Acta Diabetol, 2010;47:29-33
McAllister DA et al, Plos Med 2014;11:¢1001708

Van Ackerbroeck S, et al Crit Care 2015;19:355 _ _ _
AliAbdelhamid Y, unpublished data



Stress Hyperglycaemia
____Normal

Cumulative Incidence

4
Years Post-Hospital

Normal 14191 n:14’19;]1865 10046
Stress-Hyperglycaemia 2883 I =2 , 8832249 1740

Plummer M et al, unpublished data



Stress hyperglycaemia

* Does It predict subsequent T2DM?
e prospective studies

* may Identify group who derive particular benefit from
screening/primary prevention



Implications of T2DM

Impact on short-term mortality
In-hospital glycaemic targets?
Follow up?



Diabetes on admission does not
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Hyperglycaemia mortality T2DM
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Falciglia, et al. Crit Care Med (2009)



Acute hyperglycaemia in
patients with chronic hyperglycaemia

077 HbA4¢ _
<6% o N° 672; P<0.001
6-<7%
g 27% o
0.5 -

. 0.4 - OR=10(95% Cl =0.92,1.1
Hospital n=129; P(: 0.95 )
Mortality .. ’ '

(Predicted
Probability) o) ~ -— .
0.1 -
0 r T : :
0 10 20 30 40

Acute (peak) glycaemia (mmol/L)

Plummer, et al. Intensive Care Medicine 2014



Implications of T2DM

* In-hospital glycaemic targets?



Threshold for hypoglycaemia occurs at higher
glucose concentrations patients with T2DM
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Spyer, et al. Lancet (2000)



Threshold for hypoglycaemia occurs at higher
glucose concentrations patients with T2DM

10 -
Controls (n=7)
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Spyer, et al. Lancet (2000)



Concept of the glucose continuum

Patients with critical illness associated hyperglycaemia

HARMFUL > potentially harmful = optimal range - potentially harmful >~ HARMFUL

BG: 3 6 10 15

(mmol/L)

Deane A & Horowitz M Diab. Obes. Metab. (2013)



Concept of the glucose continuum

Patients with diabetes and chronic ‘moderate’
hyperglycaemia

HARMFUL > potentially harmful >  optimal range > potentially >HARMFUL

DM
HbALC
7%

BG: 3 6 8 10 12 15

(mmol/L)

Deane A & Horowitz M Diab. Obes. Metab. (2013)



Concept of the glucose continuum

Patients with diabetes and chronic ‘severe’
hyperglycaemia

DM
HbALC
7%

HARMFUL > potentially harmful > optimal range > HARMFUL
e I B
HbA1C
9%
BG: 3 §) 10 15
(mmol/L)

Deane A & Horowitz M Diab. Obes. Metab. (2013)



T2DM In critically 1ll

* Modify targets based on glycaemic control
* Impact of ICU follow up clinics
« targeted follow up clinic post discharge

 evaluate “shared-care” follow up with intensivist and
diabetologist after discharge from ICU



Summary

1. Hyperglycaemia associated with increased mortality

* |n those without diabetes

 Intervention studies have not consistently supported euglycaemic targets,
particularly in those with diabetes

2. Current guidelines for glycaemic control in ICU
* <10 mmol/L; avoid hypoglycaemia
e ?role novel treatment
3. Critical iliness associated hyperglycaemia vs. pre-existing diabetes

« Stress hyperglycaemia is likely to predict those at risk of incident diabetes
* May identify group for primary prevention/screening
* Glucose continuum - individualise glycaemic targets for those with diabetes






Table 1 Prevalence of diabetes in hospital population (chronological order)

Ref. R-D

Umpierrez et al™ 495
(26%)

Wallymahmed et al™ 2005 126
(11%)

Wexler et alt*”! ; 136
(19%)
Mazurek et al™ 2 342

(35%)

Feldman-Billard 355
et al™ (17%)

Uur-D Total study

patients

Location

223 1886
(12%)

13* 1129
(1%)

Atlanta, United
States
Liverpool,
United
Kingdom
3 HE Boston, United

3
(5%) States

152 : New York,

(16%) United States

156"

(7%)

Multicentre

(France)

Diabetes diagnosed by Unrecognised diabetes diagnosed by

Admission history Fasting blood glucose = 7 mmeol/L

Random blood glucose = 11.1 mmol/L * 2

Admission history Random blood glucose = 11.1 mmeol/L
Hospital records

Admission history HbAlc = 6.5
Hospital records

Admission history HbAlc = 6.5
Hospital records

Medication review

Admission history Fasting blood glucose = 7 mmol/L

‘May include patients with stress hyperglycaemia/ critical illness associated hyperglycaemia. R-D: Recognised diabetes; UR-D: Unrecognised diabetes.

Kar P et al World Journal Diabetes 2015



Table 2 Prevalence of diabetes in the intensive care unit population (chronological order)

Ref. Year Study type R-D UR-D  Total study

patients
W4(13%)  N/A 1548

Location Recognised DM diagnosis  Unrecognised diabetes
diagnosed by
Admission history MfA

Van den Berghe et al™ 2001  Interv Leuven,
Belginm
London, United
Eingdom
Baltimore,
United States
Leuven,
Belginm
Stamford,
United States

Firmey et al 0053 Observ  86(16%) NfA 523 Unlmown N/A

Whitcomb e al™ 2005 Observ 574 (%) 399 (15%) 2713 Admission history Hyperglycaemia without

a history of DM
Van den Berghe et al™ Admission history N/A

06 (17%)  NfA 1200

Krxinsely™ 1110 (21%)  N/A 5363 Hospital records (ICD-9 N/A
codes) for the first 2 yr

then all available info

Egi et al™
Treggiari et al™
Arabi gt al ™
Bronkhurst et al™
Del La Rosa et af™

Finfer ctal"

Preicer ot o™
Falciglia et o™
Stegenga et al ™
Hermanides et alt™

Exinsely et alf

Exinsley ef e

Plummer et al™

728 (15%)

1361 (13%)

208 (40%)

163 (30%)

61 (12%)

1711 (20%)

205 (19%)

77850 (30%)

188 (23%)

699 (12%)

669 (21%)

12880 (29%)

220 (22%)

N/A

NJA

MN/A

M/A

N/fA

M/A

N/A

M/A

N/A

NJA

M/A

M/A

53 (6%)

Multicentre
(Amstralia)
Seattle, United
States
Riyadh, Saudi
Arahia
Multicentre
(Germany)
Medellin,
Colombia
Multicentre

(Australia, NZ,

Canada)
Multicentre
(Europe)
Multicentre
(United States)
Multicentre
(Worldwide)
Amsterdam,
Metherlands
Multicentre
{United States,
Europe)
Multicentre
(Worldwide)
Adelaide,
Amstralia

Hospital records
Admission history
Unlkmown
Admission history

Admission history

Admission history

Hespital records (ICD-9

codes)
Admission history

(computerised system)

clinical database)
Admission history
Admission history

Phone call te GP
HbAlc = 6.5

NfA

NyA

NyA

NyA

MfA

NfA

NfA

NyA

NfA

NyA

NfA

NfA

HbAlc = 6.3 without a

history of DM

May include patients with stress hyperglycaemia/critical illness associated hyperglycaemia. Interv: Interventional; Observ: Observational; F-D: Recognised

diabetes; UR-D: Unrecognised disbetes; MNZ: New Zealand; N/ A: Mot available.

Kar P et al World Journal Diabetes 2015




Hyperglycaemia and mortality

A
= >16.7 :
S >300 - 5 ——
S :
E 11167 :
@ 200-300 5 +HH
o :
S 8.1-11.0 :
O  146-199 - 5 HOH
c '
& 6.2-8.0 :
= 111145 - .
| 1 1 |

3
Odds Ratio

n = 259,040

Falciglia, et al. Crit Care Med (2009)



euven surgical trial

Mean age 63 years; 71% males; post-cardiac surgery (63%)
Mean BSL 5.7 mmol/L (11T) vs 8.5 mmol/L (conventional)
Reduction ICU and in-hospital mortality
 especially for those in ICU > 5 days

e critical illness polyneuropathy, acute renal failure, transfusion,
bacteraemia

Hypoglycaemia (BSL < 2.2 mmol/L): 5.1 vs 0.8%

Van den Berghe, et al. NEJM (2001)
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3 Table 1

Hospital use of native GLP-1 in medical and surgical patients and GLP-1RAs in critical care

Iio-t|'“'_.=,| use of native GLP-1

duthor

Design

in medical and surgical patients

Population, n

Intervention

Findings

Mikolaidis

2004 (13) controlled pilot study

Meier 2004 Single-center, mndomized,

(13} placebo-controlled trial

Sokos 2006 Single -center, open-label

(17 nonrandomized pilon .-lL=...l_~.

Sokos 2007 Single-center, randomized,
(16} double-blind, placebo-
controlled pilot study

Single-center, nonrandomized

Acute Ml and LV systolic

dysfunction

GLP-1, n = 10 (DM = 5)

Comrol subjects, n 11
(DM = 4]

8 patients with T2D, 2-8
':J.J‘_-':\- POsUTIA |0 SUCEETY

CHF on stable medications

GLP-1.a= 12(DM = 8)

biects, n =9

Control su
DM = 5)

Elective CABG: GLP-1.
n=10(DM = 1)

Insulin infusion, n = 10

DM 3)

72-h IV GLP-1 (1.5 pmol/ke/
min) following successful

Argioplasy

o | #31k s
Control subjects recerved

standard therapy alone

8-h IV GLP-1 infusion
(1.2 pmolkg/min)
vs. placebo

Geweek SC GLP-1 infusion

5 =

started at 1.
for 1 week, fo

1]

|_-||'.u|."|-.:.;f'|ni|'.
red for

+ weeks at 2.5 pmolfkg/min

$8-h IV GLP-1 infusion
started 12-h preoperative
and continued {or 48-h
pOSIOpETALive ¥
standard IV insulin therapy

GLP-1 improved LV function
and global wall motion

seores indices

Mo diflerences in

glucose between groups

GLP-1 reduced BG levels,
increased insulin, C-
peptide (P-<< 0.001),
and suppressed glucagon
WP=0041)

GLP-1 improved LVEI
f-min wall: test, and
!II'.:':'TI""\.I'I'IEI'I'I n
BCr compared with

amisrral anibets
COTIRM SUEeCLS

GLP-1 improved glycemic
control pre- and
intraoperatively, but no
difference in
postoperative period,

Mo group differences in LVEF
at baseline, 48 h, or at

dischar e

GLP-1 group: nausea

L= &) VOonmong

il ::'_L'.'Ilhl!'r!.lll":

(n = 2), reduced appetite
i =

Hypoglycemia: 2 events

(52 and 58 mg/dL)

Mo recorded hypoglvoemic
events or other adverse
reactions

GLP-1 gr

Ll ".I:1|.i;3‘.-.|.ll.'[I ins

nausea and

I"i‘l:".'l'r"- .|.||-C|
increase i HR (~5 bpm)
Hypoglvcemla: 9@ episodes
in 4 GLP-1 patients, 4
episades n 2 control
patients
Rescue insulin therapy
required in 5 GLP-1
subjects

Hypoglycemia: 1 event with
GLP-1 {BG 43 mgidL)
and 2
with standard therapy
(43 and 56 meg/dL)

Van den Berghe G Diabetes 2006




Mikssig Single-i randomized

2008 (147 open label controlled trial

Single-cemer, double-
blinded placebo-controlled

Halbirk
2000 (18)

crossover design

Haospital use of GLP-1RAs in critical
Author Design

acli

i
{20

Mecou
2010 (19)

Single-center, open-label,

controlled st L:l-.l}

Lalve Pullents

with T2D after elective
10 (DM = 10

Insulin miusion

n=10(DM = 10)

Ischemic heart failure

mn non-DM subjects

GLP-1, n = 10(x

Placebo,

[ty 4 E

Population, »

Y in cardiac 1CL

I XCTIALE .
DM = 40}

Historc cor

treatec] witk
infusion (n = 133)

Severely bumed pediatnc
1 burmed unit

patients in

SC excnatide, n = 6;
insulin inlusion
n=18

(3.6 pmolik;

from the o

dLNg reom

o the ICU vs, standard

IV insulin therapy

48-h TV GLP-1 {1.0
pmolfgfmin)
or placebo in random
orders 14 days apar

Infusion rate reducec
Q.7 pmolkgmin
because of high
frequency of hypoglycemia

Intervention

i AL ey |
T—o-N LV exenalide

0,025 pp

SC exenatide 5—-10
N |

jg every Lih

vs. IV or 5C insulin therapy

Glyeemic control was

comparable in the 2 groups

Higher insulin requirer

N COTILE ] Eronp
Fewer imsulin dose

Ments dur

hours O—6 with GLP-1
bur similar dose
adjustments hours 612
GLP-1 had no eflect

on LVEF, «

II,:IIL".II,'III i

fiastolic

capacity, or regional
myocardial contractile
[unction

GLP-1 resulied in 9 episodes
of hypoglycemia in B patients
(nadir 40 mg/dL) vs. no
hypoglycemia
m placebo gronp

Mo dillerences in mean

srare BG e

SEECy {
exenatice and [y
!

insulin therapy

Mo differences in mean steady-

state BG or glycemic variability

berween exenatide and insulin:
Lower insubn réquirement in

'.l'll.' L'\L'Ili]'.ll,,ll‘ group

Bescue nerapy '-u\.'l'_|

insulin rec

iired for
several GLP-1 patients

Mo adverse evenis o1

hypoglycemia repore

MWausea and vomiong
in half of GLP-1 group

; + “Al
AUYETSE EVEnis

Nausea with exer

|

because of severe nausea

ents (153% ) excluded

Hypoglvoe

WiIlN EXEE

I]IITII'.':L 1 Innision

Hypoglycemia 0.38 events/
patient/morn

1 i each Broup

lefr venitricular epecmon fr
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Hyperglycaemia mortality T2DM
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Range of GLUtw
Blood glucose (mmol/L time weighted)

Eqi, et al. Crit. Care Med (2008)
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