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INTENSIVE INSULIN THERATY IN CRITICALLY ILL PATIENTS

GREeT VAN DEN BerGHE, M.D., Pu.D., PieTeEr WouTers, M.Sc., FRaANK WEEKERS, M.D., CHARLES VERWAEST, M.D.,
Frans BruyNinckx, M.D., MIeT Scuetz, M.D., Pu.D., Dirk ViasseLaers, M.D., PaTrick FErDINANDE, M.D., Pu.D.,
PeTer Lauwers, M.D., anD Roger BouiLLon, M.D., PH.D.

Numberof patients enrolled 1548

Target blood glucose in the

Intensiveinsulintherapy 80-110mg/dl (765 patients)
group

Target blood glucose Iin the
conventional insulin therapy 180-200mg/dl (783 patients)

group

Conclusions Intensive insulin therapy to maintain
blood glucose at or below 110 mg per deciliter reduces
morbidity and mortality among critically ill patients
in the surgical intensive care unit. (N Engl J Med
2001;345:1359-67.)

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




INTENSIVE INSULIN THERAPY IN CRITICALLY ILL PATIENTS

GREeT VAN DEN BerGHE, M.D., Pu.D., PieTeEr WouTers, M.Sc., FRaANK WEEKERS, M.D., CHARLES VERWAEST, M.D.,
Frans BruyNinckx, M.D., MIeT Scuetz, M.D., Pu.D., Dirk ViasseLaers, M.D., PaTrick FErDINANDE, M.D., Pu.D.,
PeTer Lauwers, M.D., anD Roger BouiLLon, M.D., PH.D.
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2009: NICESUGAR TRIAL

Finfer S et al. Intensive versusconventional glucosecontrol in critically ill patients. N Engl J Med 2009; 360:1283-1297



Intensive versus Conventional Glucose Control
in Critically Ill Patients

The NICE-SUGAR Study Investigators*

Numberof patients enrolled 6104

Target blood glucose in the 81-108 mg/dl (3054 patients)
Intensive insulin therapy

group

Target blood glucose in the 144-180 mg/dl (3050 patients)
conventional insulin therapy

group

CONCLUSIONS
In this large, international, randomized trial, we found that intensive glucose con-
tro! increased mortality among adults in the ICU: a blood glucose target of 180 mg
or less per deciliter resulted in lower mortality than did a target of 81 to 108 mg per
deciliter.| (ClinicalTrials.gov number, NCT00220987.)

Finfer S et al. Intensive versusconventional glucosecontrol in critically ill patients. N Engl J Med 2009; 360:1283-1297



Intensive versus Conventional Glucose Control
in Critically Ill Patients

The NICE-SUGAR Study Investigators*

P Value for
e Subgroup Odds Ratio for Death (95% Cl) Heterogeneity
Operative admission E 0.10
Yes ! = 1.31 (1.07-1.61)
No iR 1.07 (0.93-1.23)
0.9+ Diabetes i 0.60
Yes : - 1.21 (0.95-1.55)
- No L m—— 1.12 (0.99-1.28)
2 Severe sepsis i 093
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Finfer S et al. Intensive versusconventional glucosecontrol in

critically ill patients. N Engl J Med 2009; 360:1283-1297



Mortality Morbidity

patients intensive standard

therapy therapy

(mg/dl) (mg/dl)
2010 509 80-110 180-200 No Increased
Annane et al. difference Hypoglyce-
Multicenter mia
Septic shock
2010 88 80-110 < 180 No Increased
Coester et al. difference Hypoglyce-
Single center mia
Traumatic brain injury
2010 81 80-110 < 150 No Increased
Green et al. difference Hypoglyce-
Single center mia
Neurologic patients
2014 1369 72-126 180-216 No Increased
Macrae et al. difference Hypoglyce-
Multicenter mixed mia

pediatric patients



ACP GUIDELINES

Ann Intern Med. 2011 Feb 15;154(4):280-7. doi: 10.7325/0003-4818-154-4-201102150-00007.

Use of intensive insulin therapy for the management of glycemic control in hospitalized
patients: a clinical practice guideline from the American College of Physicians.

daseem A, Humphrey LL, Chou B, Snow ¥V, Shekelle P; Clinical Guidelines Committee of the American College of Physicians

AACP recommends not using intensive insulin therapy to strictly control blood
glucosein non-surgical intensive care unit (SICU)/ medical intensive care unit

(MICU) patients with or without diabetesmellitus (Grade: strong
recommendation, moderate-quality evidence)

AACP recommends not using intensive insulin therapy to normalize blood glucose

iIn SICU/MICU patients with or without diabetes mellitus (Grade: strong
recommendation, high-quality evidence).

AACP recommends atarget blood glucose level of 7.8 to 11.inmol/L (140 to 200

mg/dL) if insulin therapy is used in SICU/MICU patients (Grade: weak
recommendation, moderate-quality evidence).



Crit Care Med. 2012 Dec;40(12}:3251-76. doi: 10.1097/CCM.0B01383182653269.
Guidelines for the use of an insulin infusion for the management of hyperglycemia in critically ill patients.

Jacobi J' Bircher N, Krinsley J. Agqus M, Braithwaite 55, Deutschman C, Freire AX, Geehan D, Kohl B, Nasraway SA, Righy M, Sands K, Schallom L, Taylar
B, Umpierrez G, Mazuski J. Schunemann H.

-

A Suggestedglycemic control end point such that a blood glucose©O 1 5 0dL mg /
triggers interventions to maintain blood glucose below that level and absolutely

<180 mag/dL.

AThere 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.

AThe insulin regimen and monltorlng system be designed to avoid and detect

hypoglycemi a (bl odldandto oininizeglycémickdiabilitg /

Almportant 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.



Tre domini delle alterazioni glicemiche

IPERGLICEMIA

VARI ABI
IPOGLICEMIA GLICEMICA

Krinsley JS. Glycemic control in the critically ill T 3 domains and diabetic status meansone sizedoesnot fit all! Crit Care 2013; 17:131
Honiden S, Metabolic Management during Critical lliness: Glycemic Control in the ICU . Semin Respir Crit Care Med. 2015:36:859-69



STRESS
HYPERGLYCEMIAL y

Bernard C. Leconssur les phenomenesdel
la vie communs aux animaux et aux
vegetaux. Paris 1878




STRESS HYPERGLYCEMIAziologia

CAUSE ENDOGENE CAUSE ESOGENE

A Asse Ipotalamo Ipofisi A Catecolamine esogene
Surrene A Corticosteroidi

A Catecolamine endogene A Destrosio

A Sistema adrenergico A Nutrizione
A Citochine infammatorie parenterale/enterale
A Allettamento

Dungan K et al. StressHyperglycemia. Lancet 2009. 373:1798 1807
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STRESS HYPERGLYCEMIAziologia

Marik PE, Bellomo R. Stresshyperglycemia: an essential survival responsée Critical Care 2013, 17:305
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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

‘ Effettl pro -trombotici e pro -ossidanti

‘ Effetti emodinamici

Marik PE, Bellomo R. Stresshyperglycemia: an essential survival responsée Critical Care 2013, 17:305
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Risposta adattativa?
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Tiruvopati R et al. StressHyperglycemia may not be harmful in critically ill patients with sepsis J Crit Care 2012, 27:153158
Frustaci A et al Myocardial cell death in human diabetes. Circ Res 2000, 87;: 11231132
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STRESS HYPERGLYCEMIA
Risposta adattativa?

Meccanismo di protezione per SNC
e Sistema Immunitario
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Acad Emerg Med. 2012 November ; 19(11): 1268-1275. doi:10.1111/acem.12015.

Hyperlactatemia Affects the Association of Hyperglycemia with
Mortality in Nondiabetic Adults With Sepsis

Jeffrey P. Green, MD, Tony Berger, MD, MS, Nidhi Garg, MD, Timothy Horeczko, MD,
MSCR, Alison Suarez, MD, Michael S. Radeos, MD, MPH, Yolanda Hagar, PhD, and Edward

A. Panacek, MD, MPH

Lactic 2 4.0 mmol/l n OR [ 95%Cl1 ]
Glucose > 200 : b " + 41 3986[2.01,7.79]
Glucose < 200 —.-— 121 249[1.59,3.92]

Lactic < 4.0 mmol/l
Glucose > 200 » - i 74 0.78[0.39,1.57]
Glucose < 200 . 998 1.00[1.00,1.00]

(Reference)

] I T T ]
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Figure 1.
Adjusted 28-day mortality nick by lactate and glucose stratum. Glucose measured in mg/dL.




Stress hyperlactatemia modifies the relationship between stress
hyperglycemia and outcome: a retrospective observational study.

Kaukonen KM' Bailey M Egi M. Orford N. Glassford NJ Marik PE. Bellomo R.

Crit Care Med. 2014 Jun; 4206} 1378-35.

OBJECTIVE: To study the effect of stress hyperlactatemia on the association between stress
hyperglycemia and mortality.

DESIGN: Retrospective cross-sectional observation study.

SETTING: Three ICUs using arterial blood gases with simultaneous glucose and lactate
measurements during ICU stay.

PATIENTS: Cohort of 7,925 consecutive critically ill patients.
INTERVENTIONS: None.
CONCLUSIONS: Stress hyperlactatemia modifies the relationship between hyperglycemia and

mortality. There is no independent association between hyperglycemia and mortality once lactate
levels are considered.
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The effect of diabetes mellitus on the association
between measures of glycaemic control and ICU
mortality: a retrospective cohort study

Marjolein K Sechterberger'’, Robert J Bosman?, Heleen M Oudemans-van Straaten’, Sarah E Siegelaar',
Jeroen Hermanides®, Joost BL Hoekstra' and J Hans De Vries'
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Figure 1 ICU mortality per quintile of mean glucose in the nondiabetes mellitus and diabetes mellitus cohorts. ICU martality (%) per
quintile of mean glucose in (A) the nondiabetes mellitus cohort and (B) the diabetes mellitus cohort. Numbers above bars indicate the number
of deaths per mean glucase quintile.
\

Conclusion: Mean glucose and high glucose variability are related to ICU mortality in the non-DM cohort but not
in the DM cohort. Hypoglycaemia (< 2.2 mmol/l) was associated with ICU mortality in both. The cutoff value for
detrimental low glucose is higher in the non-DM cohort (49 mmol/l) than in the DM cohort (3.5 mmol/). While
hypoglycaemia (< 22 mmol/l) should be avoided in both groups, DM patients seem to tolerate a wider glucose
range than non-DM patients.

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



Diabetic status and the relation of the three
domains of glycemic control to mortality in
critically ill patients: an international multicenter

COhort StUdy Crit Care 2014; 18: R86
: 1* v . .2 PR | > ; 4 o 5 6
James S Krinsley' , Moritoki Egi®, Alex Kiss”, Amin N Devendra’, Philiop Schuetz”. Paula M Maurer”.
Figure %a. All non-dizbetcs Figure 50 All dianeics
Mean < 80 vs. 80-110 — ——
WMean < 80vs. 110-140 —— R .
Wean < 80 vs. 140-180 — e —
Mean <80vs > 180 s ——
Wean BO-110vs. 110-140 - g
Mean BO-110vs. 140-180 i O
Mean BO0-110vs. > 180 — c
ECIREs i Increased mortalr,
Mean 110-140 vs. 140-180 < b
Mean 110-140 vs. > 180 <= -
Wean 140-180vs. > 180 - <
Min <40 vs. 40-69 —p—
Min < 40 vs. No hypoghycemia —_—— o
Win 40-89 vs. No hypoglycemia — o
W = 20% vs. 20-40% < &
CY < 20% vs. > 40% ——
—
CV 2040%vs > 40% —C
—
I L L (1 ' ST ) A L L '} L 1A l l N . 2 2 M 200mil 2 2 . 1 2 PR l
01 1 10 0.1 1 10
Odds ratio (35% CI) Odds ratin (95% CI)

Conclusions: Although hyperglycemia, hypoglycemia, and increased glycemic variability is each independently
associated with mortality in critically ill patients, diabetic status modulates these relations in clinically important
ways. Our findings suggest that patients with diabetes may benefit from higher glucose target ranges than will
those without diabetes. Additionally, hypoglycemia is independently associated with increased risk of mortality
regardless of the patient's diabetic status, and increased glycemic variability is independently associated with
increased risk of mortality among patients without diabetes.



Glycemic Gap and
StressHyperglycemia Ratio

ADAG (mg/dl) =28.7 x HbALCT 46.7

ADAG (AlcDerived Average Glucose)

Glycemic Gap = Admission Glucosei ADAG

Stress Hyperglycemia Ratio =
Admission GlucoseADAG



Usefulness of Glycemic Gap to Predict ICU Mortality
in Critically Ill Patients With Diabetes

Wen-1. Liao, MD, Jen-Chun Wang, MD, Wei-Chou Chang, MD, Chin-Wang Hsu, MD,
Chi-Ming Chu, PhD, and Shih-Hung Tsai, MD, PhD
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admission glucose levels, glycemic gap, and HbAlc. The AUC of

the APACHE-Il score was larger than that of glycemic gap or

admission glucose levels (P< 0.001).

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



Usefulness of Glycemic Gap to Predict ICU Mortality
in Critically Ill Patients With Diabetes

Wen-1. Liao, MD, Jen-Chun Wang, MD, Wei-Chou Chang, MD, Chin-Wang Hsu, MD,
Chi-Ming Chu, PhD, and Shih-Hung Tsai, MD, PhD
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Liao W I. Usefulness of Glycemic Gap to Predict ICU Mortality in Critically Ill Patients With Diabetes. Medicine 94(36):e1525



Tre domini delle alterazioni glicemiche

IPERGLICEMIA !
VARI ABI LI
IPOGLICEMIA GLICEMICA

Krinsley JS. Glycemic control in the critically ill T 3 domains and diabetic status meansone sizedoesnot fit all! Crit Care 2013; 17:131
Honiden S, Metabolic Management during Critical lliness: Glycemic Control in the ICU . Semin Respir Crit Care Med. 2015:36:859-69



Hypoglycemia and Risk of Death
in Critically Ill Patients

The NICE-SUGAR Study Investigators®

Median Time from Median Time from
Randomization Hypoglycemia
to Hypoglycemia to Death
Subgroup Deaths Population (IQR) (IQR) Hazard Ratio (95% CI) PValue

no. days
No hypoglycemia 726 3089 . 1.00
Moderate hypoglycemia 774 2714 1(0-2) 7 (2-21)

Stratified by treatment - 1.81 (1.59-2.07) <0.001

Stratified by treatment
and adjusted for baseline - 1.60 (1.39-1.85) <0.001
characteristics

Stratified by treatment
and adjusted for baseline
and postrandomization - 141 (1.21-1.62) <0.001
characteristics

Severe hypoglycemia 79 223 4 (2-9) 8 (3-15)

Stratified by treatment —— 3.21 (2.49-4.15) <0.001

Stratified by treatment
and adjusted for baseline —e— 264 (2.01-3.47) <0.001
characteristics

Stratified by treatment
and adjusted for baseline
and postrandomization == 210(1.59-2.77) <0008
characteristics

0.16 1.00 6.00

‘Decreased lncreascd—
Risk of Death Risk of Death

Finfer S et al.Hypoglycemia and risk of death in critically ill patients. N Engl J Med 2012. 367: 11081118



Severe and multiple hypoglycemic episodes are
associated with increased risk of death in ICU

patients

Pierre Kalfon'", Yannick Le Manach?, Carole Ichai®, Nicolas Bréchot®, Raphaél Cinotti®, Pierre-Francois Dequin®,
Béatrice Riu-Poulenc’, Philippe Montravers®, Djilalli Annane®, Hervé Dupont'®, Michel Sorine'’, Bruno Riou'*"
and on behalf of the CGAO-REA Study Group

=
Total population _._, d l:ﬁ':;-
—_— 67T
Conventional B Conclusion
G - Using two different but concordant statistical approa-
cDss " ;;;;; ches in a large cohort of ICU patients, we observed that
—¥— - severe hypoglycemia and multiple hypoglycemic events
Non diabetic _}—*— ,éi; were associated with increaseq ri'sl.< of death at 90 days.
—Y— o In contrast, blood glucose variability was not associated
Diabetic e ] 133"3 with 90-day mortality.
-Jj1 1 &
OR (95% Cl) 90-day mortality

Kalfon et al. Severe and multiple hypoglycemic episodesare associated withincreased risk of death in ICU patients.
Critical Care (2015) 19:153
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Variabilita glicemica
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Brunner R et al. Glycemic
variability and glucose complexity in critically
ill patients: aretrospective analysis of
continuous glucosemonitoring data. Crit Care
2012; 16:R175

Hermanides J et al. Glucose
variability is associatedwith intensive care
unit mortality . Crit Care Med 2010; 38:838 -
842
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Krinsley JS. Glycemic control in the critically ill T 3 domains and diabetic status meansone sizedoesnot fit all! Crit Care 2013; 17:131

Honiden S, Metabolic Management during Critical lliness: Glycemic Control in the ICU . Semin Respir Crit Care Med. 2015:36:859-69



Continuous Glucose Monitoring (CGM)

Critical Care 2014, 18:226



