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Progressive Decline In Blood Glucose with 
Portland Protocol
Furnary SeminThorac Cardiovasc Surg. 2006;18:302
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Portland 
Protocol
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Intensive insulin therapy : Mortality

Result Control Intensive %. p

1. ICU mortality (%) 8.0 4.6 - 47% < 0.004

� First 5 d. of ICU stay (%) 1.8 1.7 NS

� ICU stay > 5d (%) 20.2 10.6 - 48% 0.005

� Diabetic pat. > 5d (%) 20.6 10.7 - 48% 0.005 

2. Hospital mortality (%) 10.9 7.2 - 34% 0.01

Intensive treatment à 4.4 – 6.1 mmol/L versus
Conventional treatment à 10.0 – 11.1 mmol/L

N Engl J Med 2001; 345 1359



Squares : glycemia < 110 mg/dl
Circles: glycemia  110-150 mg/dl
Triangles: glycemia > 150 mg/dl

CUMULATIVE RISK OF DEATH IN ICU 
PATIENTS

Van den Berghe Crit Care Med 2003;31:359
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Devenir

Blood glucose



Hyperglycemia      Hypoglycemia

Poor outcome

High glycemic variability

In critically ill patients…



© 2012 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.  Published by Lippincott Williams 
& Wilkins, Inc.

8

Association between intensive care unit-acquired dysglycemia 
and in-hospital mortality*.
Badawi, Omar; PharmD, MPH; Waite, Michael; Fuhrman, Steven; 
Zuckerman, Ilene;  PharmD, PhD
Critical Care Medicine. 40(12):3180-3188, December 2012.
DOI: 10.1097/CCM.0b013e3182656ae5

Figure 2 . Adjusted odds ratios (ORs) 
for hospital mortality by categories 
of intensive care unit (ICU)-acquired 
hyperglycemia, hypoglycemia, and 
variability. A total of 101,862 
patients at risk for ICU-acquired 
dysglycemia are stratified by their 
combination of lowest single glucose 
value (y-axis), highest average daily 
glucose (x-axis), and by quartile of 
variability (lowest 25th percentile in 
top left and highest 25th percentile 
in bottom right). 
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GLUCONTROL

A Multi-Centre Study Comparing the 
Effects of Two Glucose Control Regimens 
by Insulin in Intensive Care Unit Patients

Intensive Care Med 2009;35:1738



Glucontrol study flow chart

Randomly assigned (n=1,101)

Approached for consent (n = 1,108)

No consent (n = 7)

Randomly assigned (n = 1,101)

Allocated to group 1 (LIT) 
(n = 551)

Allocated to group 2 (IIT) 
(n = 550)

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0)

Readmission (n = 9)

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0)

Readmission (n = 14)

Analysed (n = 536)Analysed (n = 542)

Admissions (n = 7,747)



Time from admission to start 
of insulin drip, hours 
(median(IQR))

0 (0-10) 0(0-12) 0.312

Patients treated with IV 
insulin, % (n) 66.2 (313) 96.3 (442) <.0001

Rate of insulin infusion (IU/h) 
(median(IQR)) 0.32 (0-1.27) 1.30 (0.65-

2.3) <.0001

Duration of insulin treatment 
in hours median (IQR) 10 (0-43) 36 (13-96) <.0001

Days on insulin (median 
(IQR) ) 2(0-5) 5(2-9) <.0001

Insulin-free days (median 
(IQR)) 2(0-5) 0(0-1) <.0001

Insulin therapy
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Group 1
BG target 7.8-

10.0 
mmol/L

N=542

Group 2
BG target 4.4-

6.1 mmol/L
N=536

p value

Outcome data
ICU mortality (%) 83 (15.3) 92 (17.2) 0.410
- Short-stayers (LOS < 3 days) n 

= 281 17/154 (11.0) 17/127 (13.4) 0.5483

- Long-stayers (LOS > 3 days) n 
= 787 66/388  (17.0) 75/399 (18.8) 0.5135

28-day mortality (%)
Patients still in ICU at D28 (n):

83 (15.3)
33

100 (18.7)
34 0.1438

Hospital mortality (%) 105 (19.4) 125 (23.3) 0.1136
ICU LOS (days)  (median (IQR)) 6 (3-13) 6 (3-13) 0.238

Total ICU stay (LOS) 5433 5090

Hospital LOS (days) (median 
(IQR)) 16 (11-29) 16 (11-29) 0.708



Univariable	analysis

Crude	OR 95	%	CI p

Group	2 1.28 0.88	- 1.88 0.198

Multivariable	analysis

Adjusted	OR 95	%	CI p

Group	2
Gender	(male)
Age,	yr

Apache	II
SOFA

1.31
1.78
1.02

1.04
1.08

0.88	– 1.95
1.15	- 2.75
1.01	– 1.04
1.02	– 1.07
1.01	– 1.16

0.178
0.0093
0.0011

0.0003
0.0291

GLUCONTROL
RISK OF DEATH



NICE-SUGAR trial











Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Van den Berghe-2001 1.572 1.102 2.242 2.498 0.012
Van den Berghe-2006 1.057 0.826 1.353 0.441 0.659
Glucotrol-2006 0.788 0.573 1.085 -1.460 0.144
VISEP-2008 1.064 0.720 1.572 0.310 0.757
De La Rosa-2008 0.830 0.574 1.199 -0.994 0.320
Arabi-2008 0.781 0.484 1.262 -1.009 0.313
NICE-SUGAR 2009 0.918 0.812 1.038 -1.361 0.173

0.954 0.871 1.046 -0.995 0.320

0.5 1 2

Favors Control Favors IIT

Meta Analysis
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Blood Glucose 
Measurement

what?
arterial blood*
central or peripheral 
venous blood
capillary

Blood Glucose 
Measurement

where and how?
at bedside* – blood 
gas analyzer* or
point–of–care device
central laboratory

Blood Glucose 
Measurement

what?
whole blood*
plasma or serum

Blood Glucose 
Measurement

accurateness?
calibrated* or non –
calibrated devices

SGC algorithm: blood glucose measurement timing
from measurements at strict time points and in between if necessary* to a loose schedule or no schedule at all 

punctuality (blood glucose should be measured neither too early nor too late)

SGC algorithm
“closed loop” 
between blood glucose
level and insulin infusion

Training
skill*
motivation*

SGC algorithm
decision support
i.e., with computer
or sliding scales, etc.

SGC algorithm
“expertise”–based*

Delivery of Insulin
how?
subcutaneous infusion
peripheral intravenous infusion
central venous infusion*
variations in delivery introduced by co–infusion

Delivery of Insulin
how?
accurate syringe pumps*
volumetric pumps
other

SGC algorithm: insulin dosing
from simple set of rules* to guidelines of increasing complexity 

accepting higher incidence of (mild) hypoglycemia* to fear for (severe) hypoglycemia
accuracy (insulin change should neither be too big nor too small, or changed in the wrong direction)

simplicity versus complexity of implementation of potentially important factors of SGC 
easy, simple, distinct and/or clear                                                                                          obscure, indistinct, complex and/or difficult
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Glucose administration
continuous glucose infusion*

balanced enteral feeding/parenteral feeding*

Schultz M. Crit Care. 2010;14:223
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Effects of TGC on nursing workload
Perreaux et al Intensive Care Med 2007 (abstract)
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In the IIT group, the time devoted to glucose management
is increased by 17%, as compared to the LIT group



Comment mesurer ?



� Il est recommandé de réaliser des 
mesures de glucose via le laboratoire; cela 
reste la technique standard actuel.

� Mesurer le glucose dans l’ordre 
préférentiel suivant : artériel, veineux, 
capillaire.



BGM with capillary blood versus central lab

27% outside 
target 
range (20% 
error)

Kanji et al. Crit Care Med 2005; 33: 2778-2785

Overestimation of blood glucose levels



Bland-Altman (ABL blood gas analyzer)
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-6.3
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-
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95% CI= 40.5 mg/dL 95% CI= 37.1 mg/dL
Vlasselaers D et. al J Diabetes Sci Technol 2008; 2: 932-938 

TGC target range = 30 mg/dL 



1% outside 
target 
range (20% 
error)

Blood gas analyzer versus central lab

Kanji et al. Crit Care Med 2005; 33: 2778-2785



Administration de l’insuline

� IV ou SC ?
� Insuline rapide ou lente ?



� Recommandation de l’utilisation d’insuline 
d’action rapide en perfusion continue à la 
seringue électrique.

� Il est fortement suggéré d’utiliser une voie 
d’administration fournissant un débit de 
perfusion d’insuline intraveineux constant.



� Il est suggéré d’interrompre la perfusion 
d’insuline par voie intraveineux lorsque le 
patient a repris une prise alimentaire et de 
continuer à surveiller sa glycémie pendant au 
moins trois contrôle avant le repas.

� Relais d’administration d’insuline en sc SN.



� Il est recommandé de ne plus utiliser les
Protocol de contrôle de glucose statiques (=
échelle mobile) qui déterminent le taux de
livraison de l’insuline sur base de la dernière
mesure de la glycémie.



SLIDING vs DYNAMIC SCALES

� Échelle mobile/ sliding 
scales

1 Blood glucose

1 Insulin rate



SLIDING vs DYNAMIC SCALES

� Échelle mobile/ sliding 
scales

1 Blood glucose

1 Insulin rate

� Échelle dynamique/ 
dynamic scales

1 Blood glucose

1 change in insulin rate
calculated according to
the kinetics of BG and the
intakes



Moving beyond tight glucose control to safe effective 
glucose control
James S Krinsley and Jean-Charles Preiser

Critical Care 2008, 12: 149

…a glycemic target of 80 to 150 mg/dl is
not unreasonable for an ICU to choose initially…

International recommendations for glucose control 
in adult non diabetic critically ill patients.
Carole Ichai, JC Preiser on behalf  of  the SFAR/SRLF expert group

Critical Care 2010, 14: R166

A glucose target of  less than 10 mmol/L is strongly suggested, 
using intravenous insulin following a standard protocol, when 
spontaneous food intake is not possible. 



Avoid (iatrogenic) hypoglycemia

Increase the lower glucose target
to avoid ‘relative hypoglycemia’

Narrow glucose targets 
to decrease 

glycemic variability

Individualize
the upper glucose target

Monitor 
time in 

target range

Assess
performance

Safety

Quality

Uncertainty
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In terms of insulin treatment:
One size does not fit all





Nathan, Diabetes Care 2008;31:1473

507 patients (268 diabetic, 159 non-diabetic)

Relationship between A1C and 
average glucose (AG) levels
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A step towards personalized glycemic control.
JC Preiser, D Prevedello, O Lheureux Crit Care Med 2018





Safety and efficacy of personalized glycemic control in 
critically ill patients: A 2 year before and after 
interventional trial
James S Krinsley , Jean-Charles Preiser, Irl B. Hirsch
Endocrine Practice  2017;23:318

� This investigation includes 1,979 patients admitted to a single intensive care unit between 
September 16, 2013 and September 15, 2015.  The BG target was 90-120 mg/dL in the PRE 
era and 80-140 mg/dL for patients without diabetes (NON) and diabetes patients (DM) with 
A1C < 7% and 110-160 mg/dL for DM with A1C > 7% in the POST era. The primary efficacy 
outcome were the observed:expected mortality ratios.



Safety and efficacy of personalized glycemic control in 
critically ill patients: A 2 year before and after 
interventional trial
James S Krinsley , Jean-Charles Preiser, Irl B. Hirsch
Endocrine Practice 2017;23:318

� This investigation includes 1,979 patients admitted to a single intensive care unit between 
September 16, 2013 and September 15, 2015.  The BG target was 90-120 mg/dL in the PRE 
era and 80-140 mg/dL for patients without diabetes (NON) and diabetes patients (DM) with 
A1C < 7% and 110-160 mg/dL for DM with A1C > 7% in the POST era. The primary efficacy 
outcome were the observed:expected mortality ratios.

� Among NON, mean BG was slightly lower in the POST era: 118 (106-132) vs 115 (101-120) 
mg/dL (p=0.0003).  Among DM, mean BG was 139 (123-160) mg/dL in the PRE era vs 136 
(119-149) and 159 (138-171) mg/dL for TIGHT and LOOSE in the POST era (p=0.0668 and 
0.0001, respectively).    11.0% and 11.8% of the patients had at least one BG level < 70 mg/dL
in the 2 eras (p=0.68).  Observed:expected mortality  for NON and DM for the 2 eras were 
0.75 vs. 0.74 (p=0.51) and 0.69 vs 0.52 (p<0.001) respectively, and among DM with A1C 
> 7% was 0.74 vs 0.52 (p=0.004) .  



Mortality rate in case of severe hypoglycemia
Jacobi et al Crit Care Med 2012





Blood
(~6 mM)

CSF
(~4 mM)

Zigmond, Fundamental Neurosci 2002



Glucose in CSF and BG
Lozano et al. J Neurosurg Anesthesiol (in press)



Glucose in CSF and BG

Cerebral microdialysis, n=2 (SAH - vasospasm)



Impact of TGC on cerebral glucose metabolism
Oddo et al Crit Care Med 2008;36:3233

• Twenty patients monitored with
microdialysis after severe brain injury
• TGC (target 80-120 mg/dl)
• Cerebral glucose and lactate/pyruvate
ratio collected hourly

• Outcome variables :
• ranges of BG : 

low (< 80) - tight : (80-120),
intermediate (120-180) - high (>180)

• L/P ratio :
> 25 : abnormal
> 40 : brain energy failure
Ø40 + brain glucose < 13 :

Predictors of brain energy crisis
(multivariate logistic regression
adjusted for ICP and CPP) :
Serum glucose and dose of insulin



Impact of TGC on cerebral glucose metabolism
Oddo et al Crit Care Med 2008;36:3233

• Twenty patients monitored with
microdialysis after severe brain injury
• TGC (target 80-120 mg/dl)
• Cerebral glucose and lactate/pyruvate
ratio collected hourly

• Outcome variables :
• ranges of BG : 

low (< 80) - tight : (80-120),
intermediate (120-180) - high (>180)

• L/P ratio :
> 25 : abnormal
> 40 : brain energy failure
Ø40 + brain glucose < 13



Impact of TGC on cerebral glucose metabolism
Oddo et al Crit Care Med 2008;36:3233

• Twenty patients monitored with
microdialysis after severe brain injury
• TGC (target 80-120 mg/dl)
• Cerebral glucose and lactate/pyruvate
ratio collected hourly

• Outcome variables :
• ranges of BG : 

low (< 80) - tight : (80-120),
intermediate (120-180) - high (>180)

• L/P ratio :
> 25 : abnormal
> 40 : brain energy failure
Ø40 + brain glucose < 13 :

Predictors of hospital mortality 
(logistic regression)
Brain energy crisis 7.4 (1.4-39.5)*
Glasgow Coma scale 1.1 (.96-1.3)
CPP 1.01 (.97-1.04)
ICP 1 (0.99-1.01)





Many questions and hypotheses to 
be answered:



Crit Care Med 2018 Aug;46(8):1224

Period 1 (1 month)

Period 2 (1month)

Cluster randomized study

Included patients of ICU 1 & 2 à Unblinded group

Included patients of ICU 3 & 4 à Blinded group

Included patients of ICU 1 & 2 à Blinded group

Included patients of ICU 3 & 4 à Unblinded group
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Leelarathna et al. Crit Care 2013



Yatabe al. Crit Care Med 2011

• Retrospective analysis (n=208)
• STG-22 closed-loop system (NIKKISO, Tokyo, Japan):

o Continuous venous sampling (2ml/u)
o Glucose/insulin infusion adjusted per minute
o Automatic internal recalibration every 4h 

• Target 90-110 mg/dl
• 90% surgical ICU + early PN
• Device used for mean 33h

• 49.5% within 70-110 mg/dl
• No hypoglycemic events (<70 mg/dl)



� RCT (n=447)

� STG closed-loop system for 18 hours:
target 80-110 vs. 139-180 mg/dl

� Day 1: sliding-scale insulin, 
target 149-200 mg/dl 

� Hepatic or pancreatic surgery

� Early PN

� 85.8% within 80-110 mg/dl during ICU stay
� No hypoglycemic events (<40 mg/dl)



HIER

AUJOURD’HUI

DEMAIN




