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CLINICAL EXPERIENCE WITH TIGHT 
GLUCOSE CONTROL BY INTENSIVE 
INSULIN THERAPY  
Preiser Devos Crit Care Med 2007 

  How does IIT work? 
  Optimal target for blood glucose 
  Is the absolute level or the variability of blood 

glucose the most detrimental factor? 
  Is hypoglycemia life-threatening? 
  Associated workload  



  Hypothesis : high glucose variability is 
possibly detrimental for critically ill patients  

  Supporting data : retrospective cohort study 
  Biological plausibility 

An unexplored hypothesis is left and 
appealing ! 



Is reducing variability of blood glucose the real 
but hidden target of intensive insulin therapy? 
M Egi R Bellomo M Reade 

Crit Care 2009 (in press) 

Same average BG Variability twice lower 
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NICE-SUGAR 
N Engl J Med 2009 

n =            IIT             Ctrl 

Which « index » of GV is better ? 



Expression Calculation Population studied Description 

Standard 
Deviation[21,22] 

Diabetics, Sepsis, 
mixed ICU patients 

Measure of the range 
of glucoses measured 
from the median 

MAGE[26] .N-1 
 if (Yi-Yi-1)≥ 
1SD of a 
subjects 
glucose values 

Diabetics, sepsis Mean amplitude of 
glycemic excursions 
In assessing serial 
glucose values any 
continuous excursion 
that exceeds 1 SD of 
the range of glucose 
values is averaged. 

GLI[19,26] Sepsis, Diabetes Glycemic lability 
index Quantification 
of all rates of change 
between consecutive 
glucose measures 

Indices of glucose variability 
Ali, Krinsley, Preiser Yearbook ICEM 2009 



Maximal glucose 
change (BG∆max)[23] 

 for all 
sequential values 
in the dataset 

Surgical ICU Maximum glucose 
change between any 2 
consecutive glucose 
values 

Variability Index (VI) 
[25] 

. N-1 Pediatric ICU Average of sequential 
rates of change 
between all 
consecutive glucose 
values 

Glucose 
variability[24] 

Any blood sugar 
≥ 150 mg/dl and 
≤ 60 mg/dl at 
anytime 

Pediatric ICU Presence of both a 
hyperglycemic and 
hypoglycemic event 
during a single 
hospitalization 

Indices of  glucose variability 
Ali, Krinsley, Preiser Yearbook ICEM 2009 



Comparison of the relationship between glucose variability 

expression and mortality in patients with a diagnosis of sepsis  

Glucose 
Characteristic 

Logistic Regression Comparison of Mortality 
Discrimination 

Mortality 
Crude 
Odds 
Ratio1 

p-value 95% CI 

Area 
under 

the 
ROC 

p-value2 95% CI 

GLI 
1.25 < 0.001 1.20 – 

1.32 0.67 0.64 – 0.71 

MAGE 
1.12 < 0.001 1.07 – 

1.18 0.59 < 0.001 0.56 – 0.63 

MEAN 
1.17 < 0.001 1.12 – 

1.23 0.63 0.003 0.59 – 0.66 

Standard 
Deviation 1.16 < 0.001 1.11 – 

1.21 0.62 < 0.001 0.58 – 0.65 

Ali et al Crit Care Med 2008 











  Hypothesis : high glucose variability is 
possibly detrimental for critically ill patients  

  Supporting data : retrospective cohort study 
  Biological plausibility 

An unexplored hypothesis is left and 
appealing ! 



Intermittent high glucose enhances apoptosis in
 human 
umbilical vein endothelial cells in culture 
A. RISSO,1 F. MERCURI,2 L. QUAGLIARO,2 G. DAMANTE,1 AND A. CERIELLO3 
1Department of Science and Biomedical Technology, University of Udine, 2Morpurgo Hofmann 
Research Laboratory on Aging, and 3Department of Pathology and Experimental 
and Clinical Medicine, Internal Medicine, University of Udine, 33100 Udine, Italy 

Am J Physiol Endocrinol
 Metab 
281: E924–E930, 2001. 

Fig. 1. Cell death of human umbilical vein 
endothelial cells (HUVECs) cultured with 
different concentrations of glucose. 
HUVECs were cultured in the presence of 
normal (5 mmol/l), high (20 mmol/l), or 
alternating normal/high concentrations, as 
described in MATERIALS AND METHODS. 
After 7 and 14 days, they were detached 
from Petri dishes, stained with 20 µg/ml of 
propidium iodide, and analyzed with the 
cytofluorimeter. Data are means ± SD of 6 
independent experiments. *P < 0.05 vs. 
glucose 5 mmol/l; &P < 0.05 vs. glucose 20 
mmol/l; #P < 0.01 vs. glucose 5 mmol/l; $P 
< 0.01 vs. glucose 20 mmol/l. 
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Cell cycle analysis of HUVECs. HUVECs were cultured in 
the presence of normal (5 mmol/l), high (20 mmol/l), or 
alternating normal/high concentrations and were stained for 1 
h with 50 µg/ml of propidium iodide in 0.2% sodium citrate 
containing 12.5 µg/ml RNase. DNA content of the different 
cell populations was analyzed as described in MATERIALS 
AND METHODS. A: histograms representing DNA content of 
HUVEC populations cultured for 14 days with different 
concentrations of glucose (5, 20, and 5/20 mmol/l, from left 
to right, respectively). Cytofluorimetric analysis is from 1 of 
6 separate experiments. B and C: quantitative assessment of 
apoptosis and S phase in HUVECs. Values are means ± SD of 
6 separate experiments. *P < 0.05 vs. glucose 5 mmol/l; #P < 
0.01 vs. glucose 5 mmol/l; $P < 0.01 vs. glucose 20 mmol/l; 
§P < 0.001 vs. glucose 5 mmol/l.  
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Fig. 3. Morphological analysis of HUVECs 
cultured for 14 days with normal (A), high 
(B), or alternating low/high (C) glucose. 
Cells were cultured on gelatin-coated slides, 
fixed, and stained as described in 
MATERIALS AND METHODS. Arrows, nuclear 
piknosis 

Intermittent high glucose enhances apoptosis in
 human 
umbilical vein endothelial cells in culture 
A. RISSO,1 F. MERCURI,2 L. QUAGLIARO,2 G. DAMANTE,1 AND A. CERIELLO3 
1Department of Science and Biomedical Technology, University of Udine, 2Morpurgo Hofmann 
Research Laboratory on Aging, and 3Department of Pathology and Experimental 
and Clinical Medicine, Internal Medicine, University of Udine, 33100 Udine, Italy Fig. 4. DNA fragmentation of HUVECs by ELISA. 

Values are means ± SD of 6 separate experiments. #P < 
0.01 vs. glucose 5 mmol/l; $P < 0.01 vs. glucose 20 
mmol/l; §P < 0.001 vs. glucose 5 mmol/l.  

A 

B 

C 



Copyright ©2001 American Physiological Society 

Risso, A. et al. Am J Physiol Endocrinol Metab 281: E924-E930 2001 

Fig. 8. Time course of Bcl-2 and Bax proteins expressed as optical density units measured by Western blot analysis. Values are 
means ± SD of 6 separate experiments. *P < 0.05 vs. glucose 5 mmol/l; &P < 0.05 vs. glucose 20 mmol/l; $P < 0.01 vs. 
glucose 20 mmol/l; #P < 0.01 vs. glucose 5 mmol/l; §P < 0.001 vs. glucose 5 mmol/l.  
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OSCILLATING GLUCOSE IN 
VOLUNTEERS  
Ceriello et al 
Diabetes 2008;57:1349 

FMD = flow-mediated 
Dilation 
(index of endothelial fct) 
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Nitrotyrosine in BAL fluids of ARDS patients 

Sittipunt C et al (2001) Am J Respir Crit Care Med 163 : 503 
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OXIDATIVE / NITROSATIVE STRESS 
AND MORTALITY 

Plasma nitrotyrosine concentration relates to prognosis in human septic shock.  
Ohya et al Shock. 2002 Aug;18(2):116-8 
Plasma NT concentrations (means +/- SE) of the non-survivors and survivors were  
0.68 +/- 0.13 nmol/mL (n = 7), and 0.21 +/- 0.05 nmol/mL (n = 5). The present results 
suggest that plasma concentration of NT relates to prognosis in human septic shock   

Motoyama et al Crit Care Med 2003;31:1048 



LIPOPEROXIDES ARE PROPORTIONAL TO 
THE SEVERITY OF ORGAN FAILURE 

Motoyama et al Crit Care Med 2003;31:1048  



LIPOPEROXIDES INCREASE IS  
PROPORTIONAL TO THE DURATION OF SIRS 

Motoyama et al Crit Care Med 2003;31:1048  



An unexplored hypothesis is left and appealing ! 

  Hypothesis : glucose variability is deleterious 
  Supporting data : retrospective cohort study 
  Biological plausibility 
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PENDING ISSUES 
  Clinically useful definition of GV 
  Accurate assessment of GV 



The answer : Intravascular continuous 
blood monitoring? 



Continuous glucose monitoring vs 
intermittent checks 




