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Is hyperglycaemia harmful or a  

physiological response to critical illness? 



Falciglia, et al. Crit Care Med (2009) 
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Intensive insulin treatment in ICU 
Leuven 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 (IIT): 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) 



Van den Berghe, et al. NEJM (2001) 

4.6% 

8% 

Intensive insulin treatment in ICU 
Leuven surgical trial 



Van den Berghe, et al. NEJM (2001) 

7.2% 

9% 

Intensive insulin treatment in ICU 
Leuven surgical trial 



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) 
• Conventional (< 10mmol/L); insulin infusion ceased if BSL < 8 

mmol/L 
 

NICE SUGAR Investigators NEJM (2009) 



Intensive insulin therapy causes harm 

NICE SUGAR Investigators NEJM (2009) 

27.5% 
24.9% 



Other trials? 



Griesdale D et al CMAJ 2009 



Griesdale D et al CMAJ 2009 



Griesdale D et al CMAJ 2009 



Griesdale D et al CMAJ 2009 



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 

 



Van den Berghe G  et al JCEM 2009 

J shaped curve glycaemia and mortality 



Mechanism of harm 
 
• Hypoglycaemia  

• Acute effects (arrhythmia) 
• Alterations in physiological response to subsequent 

hypoglycaemia 
• Legacy effect – metabolic memory 
• ?autonomic dysfunction 

• Glycaemic variability 
 



Deane & Horowitz M, DOM 2013 



Deane & Horowitz M, DOM 2013 



Novel approaches? 



Novel approaches? 
 
• GLP-1 based therapy 

• glucose independent  
 



GLP-1 in ICU 

Deane A et al Critical Care 2009 
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Guidelines - ICU 
 
• Ideal glucose range in ICU unknown 
• Targeting BSL < 6 mmol/L avoided 
• Optimal range is controversial  

• ? 7.8 – 10 mmol/L 
• ? 6.0 – 10 mmol/L 
• ? 6.1-7.8 mmol/L 





Guidelines – general hospital 

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



Guidelines – general hospital 

Australian Diabetes Society Guidelines for Routine Glucose Control in Hospital, 2012 
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Critical illness 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 illness associated  hyperglycaemia 
 
• Prevalence = ~50%  

• 1000 consecutively admitted patients to ICU*  
• Pre-existing diagnosed and unrecognised T2DM excluded by 

contacting GP/care giver and obtaining HbA1c 
• vs. 12-40% with T2DM 

 
 

*Plummer M et al Intensive Care Medicine 2014 



Critical illness associated  hyperglycaemia 
 
• Pathophysiology 

• temporary insulin resistance, insulin deficiency, glucagon 
• 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? 



AliAbdelhamid Y, unpublished data  

Gornik I et al, Crit Care, 2010;14:R130 
Gornik I et al, Acta Diabetol, 2010;47:29-33 
McAllister DA et al,  Plos Med 2014;11:e1001708 
Van Ackerbroeck S, et al Crit Care 2015;19:355 
 



Plummer M et al,  unpublished data 

----- Stress Hyperglycaemia 
___ Normal 

~4% 

~8% 

n=2,883 
n=14,191 

n=17,074 



Stress hyperglycaemia 
 
• Does it predict subsequent T2DM? 

• 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  
predict mortality 

Vincent JL, et al. Crit. Care (2010) 

n = 226 
n = 2921 



Falciglia, et al. Crit Care Med (2009) 

Hyperglycaemia mortality T2DM 

n = 259,040 
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8.1-11.0 

6.2-8.0 



(Predicted 
Probability) 

n = 199; P = 0.003 
n = 672; P < 0.001 

OR = 1.0 (95% CI = 0.92, 1.1) 
n = 129; P = 0.95 

Acute hyperglycaemia in 
patients with chronic hyperglycaemia 

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 

Spyer, et al. Lancet (2000) 

Controls (n=7) 
Type 2 diabetes patients (n=7) 
HbA1c 7.4±1.0% 
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Symptoms Adrenaline Noradrenaline Plasma Cortisol 

Threshold for hypoglycaemia occurs at higher 
 glucose concentrations patients with T2DM 

Spyer, et al. Lancet (2000) 

Controls (n=7) 
Type 2 diabetes patients (n=7) 
HbA1c 7.4±1.0% 
 

0 50 100 150 200 250 300 

Time (min) 

0 

2 

4 

6 

8 

10 

Blood glucose 
(mmol/L) 

G
lu

co
se

 (m
m

ol
/L

) 

Controls Type 2 
0 
1 
2 
3 
4 
5 
6 
7 

P=0.013 

2 

3 

Controls Type 2 

P=0.003 

0 
1 

4 

5 

6 

G
lu

co
se

 T
he

sh
ol

d 
(m

m
ol

/L
) 

Controls Type 2 
0 
1 

2 

3 

4 

5 

6 

G
lu

co
se

 T
he

sh
ol

d 
(m

m
ol

/L
) 

P=0.003 P=0.035 

Controls Type 2 
0 
1 
2 
3 
4 
5 
6 
7 

G
lu

co
se

 T
he

sh
ol

d 
(m

m
ol

/L
) 



Concept of the glucose continuum 

3 6 10 15 BG: 
(mmo/L) 

Patients with critical illness associated hyperglycaemia 

optimal range potentially harmful potentially harmful HARMFUL HARMFUL 

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



Concept of the glucose continuum 
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DM 
HbA1C 
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BG: 
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3 6 10 15 

Patients with diabetes and chronic ‘moderate’ 
hyperglycaemia 

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



Concept of the glucose continuum 

DM 
HbA1C 

7% 

6 10 15 
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HbA1C 

9% 

3 BG: 
(mmo/L) 

HARMFUL potentially harmful optimal range HARMFUL 

Patients with diabetes and chronic ‘severe’ 
hyperglycaemia 

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



T2DM in critically ill 
 
• 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 

• In 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 
• ?role novel treatment 

3. Critical illness 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 





Kar P et al World Journal Diabetes 2015 



Kar P et al World Journal Diabetes 2015 



Falciglia, et al. Crit Care Med (2009) 

Hyperglycaemia and mortality 

n = 259,040 
 

>16.7 

11.1-16.7 

8.1-11.0 

6.2-8.0 



Leuven surgical trial 
 
• Mean age 63 years; 71% males; post-cardiac surgery (63%) 
• Mean BSL 5.7 mmol/L (IIT) vs 8.5 mmol/L (conventional) 
• Reduction ICU and in-hospital mortality 

• especially for those in ICU > 5 days 
• 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) 



Van den Berghe G Diabetes 2006 

n=4,218 n=728 



Van den Berghe G Diabetes 2006 

n=4,218 n=728 



Blood glucose (mmol/L time weighted) 

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

Hyperglycaemia mortality T2DM 

n=4,218 n=728 
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