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HYPERGLYCEMIA POOR OUTCOME 

Rapporto causale?  
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2001: LEUVEN TRIAL 

Van der Berghe G et al. Intensive insuline therapy in critically  ill  patients. N Engl j Med 2001; 345:1359-1367 

https://upload.wikimedia.org/wikipedia/commons/1/16/University_Hospitals_Leuven_Sint-Pieter.jpg


Number of patients enrolled 1548 

Target blood glucose in the 

intensive insulin therapy 

group 

 

80-110 mg/dl (765 patients) 

Target blood glucose in the 

conventional insulin therapy 

group 

 

180-200 mg/dl (783 patients) 

Van der Berghe G et al. Intensive insuline therapy in critically  ill  patients.  
N Engl j Med 2001; 345:1359-1367 



Van der Berghe G et al. Intensive insuline therapy in critically  ill  patients. N Engl j Med 2001; 345:1359-1367 



N° 
patients  

Target 
intensive 
therapy  
(mg/dl)  

Target 
standard  
therapy  
(mg/dl)  

Mortality  Morbidity  

2006  
Second  Leuven  Trial  
Single center 
Medical ICU 

1200 80-110 180-200 No 
difference  

Reduced 
 

2008  
Arabi et al. 
Single center 
Medical surgical and 
trauma  

523 80-110 180-200 No 
difference  

Increased 
Hypoglyce-
mia 

2008  
Brunkhorst  et al. 
Multicenter  mixed sepsis 
or septic shock 

537 80-110  180-200 No 
difference  

Increased 
Hypoglyce-
mia 

2008  
De La RosaGdel  et al. 
Single center mixed 

504 80-110 180-200 No 
difference  

Increased 
Hypoglyce-
mia 

2009  
Preiser  et al. 
Multicenter  mixed 

1078 79-110 140-180 No 
difference  

Increased 
Hypoglyce-
mia 



2009: NICE-SUGAR TRIAL 

Finfer  S et al. Intensive versus conventional  glucose control in critically  ill  patients. N Engl J Med 2009; 360:1283 -1297 



Number of patients enrolled 6104 

Target blood glucose in the 

intensive insulin therapy 

group 

81-108 mg/dl (3054 patients) 

Target blood glucose in the 

conventional insulin therapy 

group 

144-180 mg/dl (3050 patients) 

Finfer  S et al. Intensive versus conventional  glucose control in critically  ill  patients. N Engl J Med 2009; 360:1283 -1297 



Finfer  S et al. Intensive versus conventional  glucose control in critically  ill  patients. N Engl J Med 2009; 360:1283 -1297 



N° 
patients  

Target 
intensive 
therapy  
(mg/dl)  

Target 
standard  
therapy  
(mg/dl)  

Mortality  Morbidity  

2010  
Annane  et al. 
Multicenter  
Septic shock 

509 80-110 180-200 No 
difference  

Increased 
Hypoglyce-
mia 
 

2010  
Coester  et al. 
Single center 
Traumatic  brain injury  

88 80-110 < 180 No 
difference  

Increased 
Hypoglyce-
mia 

2010  
Green et al. 
Single center 
Neurologic patients 

81 80-110  < 150 No 
difference  

Increased 
Hypoglyce-
mia 

2014  
Macrae  et al. 
Multicenter  mixed 
pediatric  patients 

1369 72-126 180-216 No 
difference  

Increased 
Hypoglyce-
mia 



ACP GUIDELINES 

RECOMMENDATION 1 

ÅACP recommends not using intensive insulin  therapy to strictly  control blood 
glucose in non-surgical intensive care unit  (SICU)/ medical intensive care unit  
(MICU) patients with or without  diabetes mellitus  (Grade: strong 
recommendation , moderate-quality  evidence) 
 RECOMMENDATION 2  

ÅACP recommends not using intensive insulin therapy to normalize blood glucose 
in SICU/MICU patients with or without diabetes mellitus (Grade: strong 
recommendation, high -quality evidence).  

RECOMMENDATION 3  

ÅACP recommends a target blood glucose level of 7.8 to 11.1 mmol /L (140 to 200 
mg/ dL) if insulin therapy is used in SICU/MICU patients (Grade: weak 
recommendation, moderate-quality evidence). 
 



RECOMMENDATION   

ÅSuggested glycemic control end point such that a blood glucose Ó 150 mg/dL 
triggers interventions to maintain blood glucose below that level and absolutely 
<180 mg/ dL.  
 
ÅThere is a slight reduction in mortality with this treatment end point for general 

intensive care unit patients and reductions in morbidity for perioperative 
patients, postoperative cardiac surgery patients, post-traumatic injury patients, 
and neurologic injury patients.  
 
ÅThe insulin regimen and monitoring system be designed to avoid and detect 
hypoglycemia (blood glucose Ò 70 mg/dL) and to minimize glycemic variability . 
 
ÅImportant processes of care for insulin therapy include use of a reliable insulin 

infusion protocol, frequent blood glucose monitoring, and avoidance of finger -
stick glucose testing through the use of arterial or venous glucose samples. 



DISGLICEMIA  

IPOGLICEMIA  

IPERGLICEMIA  

VARIABILITAô 
GLICEMICA  

Tre domini delle alterazioni glicemiche  

Krinsley  JS. Glycemic control in the critically  ill  ï 3 domains and diabetic status means one size does not fit  all! Crit  Care 2013; 17:131 
Honiden  S, Metabolic  Management during  Critical Illness: Glycemic Control in the ICU . Semin Respir Crit  Care Med. 2015:36:859-69 



STRESS 

HYPERGLYCEMIA 

Bernard C. Lecons sur les phenomenes del 
la vie communs aux animaux  et aux 
vegetaux.  Paris 1878 



CAUSE ENDOGENE 

ÅAsse Ipotalamo Ipofisi 
Surrene 
ÅCatecolamine endogene 
ÅSistema adrenergico 
ÅCitochine infiammatorie  

CAUSE ESOGENE 

ÅCatecolamine esogene 
ÅCorticosteroidi  
ÅDestrosio 
ÅNutrizione 

parenterale/enterale  
ÅAllettamento  

STRESS HYPERGLYCEMIA - Eziologia 

Dungan K et al. Stress Hyperglycemia. Lancet 2009. 373:1798-1807 



STRESS HYPERGLYCEMIA - Eziologia 

IL -1 

TNF-Ŭ 

IL -6 

Marik  PE, Bellomo R. Stress hyperglycemia: an essential survival  response! Critical Care 2013, 17:305 

http://www.google.it/url?url=http://www.saperesalute.it/network/tuttovitamine/salute-benessere/vitamine-salva-fegato&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjw5evEltTMAhWIYZoKHZkkAYoQwW4IHjAE&usg=AFQjCNFwBwr3tMJH6HyvphBVDrwmlfeGCg
http://www.google.it/url?url=http://www.nutrilasalute.it/wordpress/caratteristiche-del-tessuto-adiposo-2.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjf4PfcltTMAhWEKJoKHdOyAHgQwW4IFjAA&usg=AFQjCNFYyIliuNFfboKFVGPNzhNcZMz1qw
http://www.google.it/url?url=http://www.iltuoallenamento.it/allenamento-muscolare-tonificazione-vs-ipertrofia/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjzpb7vltTMAhUsSJoKHbTOAJQQwW4IIDAF&usg=AFQjCNGMX3kwI-AvzsZ1uPjSS-ZC4p2htA


STRESS HYPERGLYCEMIA  
Meccanismo di danno  

Aumento del rischio infettivo  

Ritardo nella guarigione delle ferite  

Polineuropatia  

Danno tossico cellulare 

Effetti pro -trombotici e pro -ossidanti 

Effetti emodinamici  

Marik  PE, Bellomo R. Stress hyperglycemia: an essential survival  response! Critical Care 2013, 17:305 



STRESS HYPERGLYCEMIA  
Risposta adattativa?  

IPOSSIA 

SEPSI 

EMORRAGIA 

SNC 
S. I.  

Tiruvopati  R et al. Stress Hyperglycemia may not be harmful  in critically  ill  patients with sepsis. J Crit  Care 2012, 27:153-158 
Frustaci A et al Myocardial  cell death in human diabetes. Circ Res 2000, 87: 1123-1132 



STRESS HYPERGLYCEMIA  
Risposta adattativa?  

Meccanismo di protezione per SNC  

e Sistema Immunitario  

140 ï 179 180-219 > 220 

EVIDENZE  

BIOLOGICHE  

EVIDENZE 
CLINICHE  







Premorbidità  diabetica  



Sechterberger  M K et al. The effect of diabetes mellitus on the association between measures of glycaemic  control and ICU mortality : a retrospective cohort 
study. Critical Care 2013, 17:R52 



Crit  Care 2014; 18: R86 



Glycemic Gap and  

Stress Hyperglycemia Ratio 

ADAG  (mg/dl) = 28.7 × HbA1C ī 46.7 
ADAG (A1c-Derived Average Glucose) 
 

 
Glycemic  Gap =  Admission Glucose ï ADAG 
 
 
Stress Hyperglycemia  Ratio  = 

Admission Glucose/ADAG  



Liao W I. Usefulness of Glycemic Gap to Predict ICU Mortality in Critically Ill Patients With Diabetes. Medicine 94(36):e1525 



Liao W I. Usefulness of Glycemic Gap to Predict ICU Mortality in Critically Ill Patients With Diabetes. Medicine 94(36):e1525 



DISGLICEMIA  

IPOGLICEMIA  

IPERGLICEMIA  

VARIABILITAô 
GLICEMICA  

Tre domini delle alterazioni glicemiche  

Krinsley  JS. Glycemic control in the critically  ill  ï 3 domains and diabetic status means one size does not fit  all! Crit  Care 2013; 17:131 
Honiden  S, Metabolic  Management during  Critical Illness: Glycemic Control in the ICU . Semin Respir Crit  Care Med. 2015:36:859-69 



Finfer  S et al. Hypoglycemia and risk  of death in critically  ill  patients. N Engl J Med 2012. 367: 1108-1118 



Kalfon et al. Severe and multiple hypoglycemic episodes are associated with increased risk of death in ICU patients.  
Critical Care (2015) 19:153 



Variabilità glicemica  

Meccanismi di danno 
- incremento dello stress 

ossidativo 
 

- incremento 
dellôapoptosi cellulare 

  
- disregolazione delle 

funzioni endoteliali  

 Brunner  R et al. Glycemic 
variability  and glucose complexity  in critically  
ill  patients: a retrospective analysis of  
continuous glucose monitoring  data. Crit  Care 
2012; 16:R175 
 Hermanides J et al. Glucose 
variability  is associated with intensive care 
unit  mortality . Crit  Care Med 2010; 38:838 -
842  



IPOGLICEMIA E VARIABILITAõ 

GLICEMICA 

TIGHT 
GLYCEMIC 
CONTROL  

IPOGLICEMIA  

MORTALITAô 

VARIABILITA ô 
GLICEMICA  

CONTINUOUS 
GLUCOSE 

MONITORING  
- 

CLOSED LOOP 
CONTROL  

? 
Krinsley  JS. Glycemic control in the critically  ill  ï 3 domains and diabetic status means one size does not fit  all! Crit  Care 2013; 17:131 
Honiden  S, Metabolic  Management during  Critical Illness: Glycemic Control in the ICU . Semin Respir Crit  Care Med. 2015:36:859-69 



Continuous  Glucose Monitoring  (CGM) 

Critical Care 2014, 18:226 


