£ b i B



000
0000
] | ] [} | | . . . .
00
Definition of Diabetes :
o
&= BR% ~ BIRRRITHLR BB IBESER
PaEIRIR 72 MAEE = 126 mg/dL
(Diabetes mellitus) A S MAEER ~ LUk REREEE A i = 200 mg/dL
C1 AR A i 52 813 (75-g OGTT) 2 /MR MAE{E = 200 mg/dL

72 i [T A 5 ZERE MAEE /T 100-125 mg/dL

(Impaired fasting glucose)

=2 R (1 AR M A 52 P13, (75-g OGTT) 2 /M M /' F~ 140-199 mg/dL

(Impaired glucose tolerance)

B2 771 5 i B iE 5 13 e 1A T o B 0 ) 22 B (i W i = 126 mg/dL, » 832 B BS I I B 4 = 200 mg/

(Stress induced hyperglycemia) dL - {8 HBe R E{E 2 fE

AR

% e
'% ks

2011 © 22 © 121-132



BRI MmAEE (Stress 35
Hyperglycemia) 4

e Transient [ —— A
hyperglycemia j :
e Associated with  hpebeems |
critical illness
ront i oo diabetes

Lancet. 2009 May 23; 373(9677): 1798-1807.



Factors Contributing to Hyperglycemia
In critical illness

e Stress hormones (e.g., epinephrine and
cortisol)

e Medications (glucocorticoids and
catecholamines)

e Cytokines

e Impairing insulin-mediated glucose uptake by
tissues

e Intravenous dextrose

Glycemic Control in the ICU,N Engl J Med 2010;363:2540-6.
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Figure 1. Causes and Effects of Stress Hyperglycemia.

Stress hyperglycemia can be caused by exogenous administration or endogenous production of glucose and by insu-
lin resistance or reduced secretion of insulin owing to beta-cell dysfunction. The resulting hyperglycemia can poten-
tiate insulin resistance. The consequences of elevated glucose levels may be manifested at the molecular or cellular
level, combining to cause tissue abnormalities that include sepsis, impaired wound healing, and neuromyopathy. IV

denotes intravenous.




Effects of Hyperglycemia

Poor outcome
High risk of mortality
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Relationship Between Glucose and sece

Mortality in Stroke Pt o

TABLE 1. Relative Risk of In-Hospital or 30-Day Moriality Associated With Siress Hyperglycemia in Patients With Siroke

Mo. of Events/Pts at Risk

Definition of In Pis
Stress % of Pts With In Pts With Without Unadjusted Relative
Stroke Hyperglycemia, Stress Siress Stress Hisk
Study Subtype mmol/L Hyperglycemia  Hyperglycemia  Hyperglycemia (95% CI)
Studies reporting data for nondiabetic patients
Melamed! TES, HS, 58H =6.7 (fasting)§ 35 58/108 36/205 3.06 (2.17-4.32)
Candelise® TES, HS =6.1 (fasting) 38 18/23 11/38 2.70 (1.57-4.65)
Gray'? TES, HS =8 (random) 14 713 16/77 2.50(1.33-5.04)
Woo2* TES, HS, LS =1.8 (fasting) 13 17/23 38156 3.03 (2.10-4.38)
Tomi2s® TES =6.7 (fasting) 36 21/93 15/164 2.47 (1.34-4.55)
Lea™ TES, HS, LS =70 (fasting) 30 516 1/38 11.88 (1.50-93.74)
Stig-Jergensen®*{ TES, HS, LS =6 (random) 61 81/382 221241 2.32 (1.49-362)
Kiersss* TES, HS, LS =T.8 (fasting) 8 ano 15116 6.19 (3.52-10.88)
Cazzato®" TES, LS =6.1 (fasting) 63 15/37 2122 4.46 (1.12-17.69)
Pooled relative risk 3.07 (2.50-3.79)

Acute hyperglycemia increased risk of in-hospital mortality after ischemic
stroke in nondiabetic patients




Question 1
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nat blood glucose goal do you suggest in
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ult critically 1l patients?

Prevention of uncontrolled hyperglycemia is a

desirable intervention
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INTENSIVE INSULIN THERAPY IN CRITICALLY ILL PATIENTS

GREET VAN DEN BERGHE, M.D., PH.D., PIETER WoUTERS, M.Sc., FRANK WEEKERS, M.D., CHARLES VERWAEST, M.D.,
FraNs BRuyYNINCKX, M.D., MiET ScHETZ, M.D., PH.D., DIRk VLASSELAERS, M.D., PATRICK FERDINANDE, M.D., PH.D.,
PeTer Lauwers, M.D., AND RoGER BouiLLon, M.D., PH.D.

e 1548 surgical ICU pts

e Conventional (BS 180-200) vs intensive (BS
80-110) insulin therapy



TABLE 3.

MORTALITY.

VARIABLE

CONVENTIONAL
TREATMENT
(N=783)

INTENSIVE
TREATMENT
(N=765)

P VaLue*

Death during intensive care — no./total no. (%)
During first 5 days of intensive care
Among patients receiving intensive care for >5 days

63,783 (8.0)
14/783 (1.8)
49,243 (20.2)

35/765 (4.6)
13/765 (1.7)
22,208 (10.6)

<0.04 (adjusted)
0.9
0.005

Keason tor intensive care

Cardiac surgery 25/493 (5.1) 10/477 (2.1)
Neurologic disease, cerebral trauma, or brain surgery 7/30 (23.3) 6/33 (18.2)
Thoracic surgery, respiratory insufficiency, or both 10/56 (17.9) 5/66 (7.6)
Abdominal surgery or peritonitis 9/58 (15.5) 6/45 (13.3)
Vascular surgery 2/32 (6.2) 2/30 (6.7)
Multiple trauma or severe burns 3/35 (8.6) 4/33 (12.1)
Transplantation 1/44 (2.3) 2/46 (4.4)
Other 6/35 (17.1) 0/35
No history of diabetes 57/680 (8.4) 31/664 (4.7)
No history of diabetes and >5 days of intensive care 45/218 (20.6) 20/187 (10.7)
History of diabetes 6/103 (5.8) 4/101 (4.0)
History of diabetes and =5 days of intensive care 4/25 (16.0) 2/21 (9.5)
Cause of death — no. 0.02 \
Multiple-organ failure with proven septic focus 33 8
Multiple-organ failure without detectable septic focus 18 14
Severe brain damage 5 3
Acute cardiovascular collapse 7 10

In-hospital death — no. /total no. (%)
All patients
Patients receiving intensive care for >5 days

85,783 (10.9)
64,243 (26.3)

55/765 (7.2)
35,208 (16.8)

0.01

0.01 )

*P values were determined with the use of the chi-square test. For the primary outcome variable (death during intensive
care), the P value has been corrected for the repeated interim analyses, according to the method of Lan and DeMets®;
the unadjusted P value is 0.005. Sequential interim analyses were not performed for the other variables, and nominal

(unadjusted) P values are given for these comparisons.



INTENSIVE VERSUS CONVENTIONAL
GLUCOSE CONTROL IN CRITICALLY ILL

PATIENTS

THE NICE-SUGAR STUDY
INVESTIGATORS

N ENGL J MED 360,13 NEJM.ORG MARCH 26, 2009



The NICE-SUGAR Study

Conventional glucose contrel
1
L S |

Intensive glucose control
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180
. 160—
Intensive glucose control :
. g
81 to 108 mg per deciliter (4.5 to 6.0 ;'8,:
mmol per liter) £y
8
o
Conventional glucose control:
oy 80+
180 mg or less per deciliter (10.0 o
. B 1 2 3
mmol or less per liter) oy
No. of Patients

Conventional control 2995 2233 1380 809 583
Intensive control 2989 2260 1428 908 562
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Day after Randomization




Table 3. Outcomes and Adverse Events.®

Odds Ratio or
Intensive Conventional Absolute Difference
Outcome Measure Glucose Control  Glucose Control (95% CI)y Statistical Test P Value
. N Lacicki .
| At day 90 829/3010 (27.5) 751/3012 (24.9) 1.14 (1.02 to 1.28) 0.02
At day 28 670/3010 (22.3) 627/3012 (20.8) 1.09 (0.96 to 1.23) 0.17
Potentially life-sustaining treatment limited 746816 (91.4) 669/741 (90.3) 1.15 (0.81 to 1.62) Logistic regression 0.44
or withheld before death — no. of pa-
tients/total no. (25)
Limited because death was imminent 527/816 (64.6) 459/741 (61.9) 1.12 (091 to 1.38) 0.28
Withheld because not appropriate 219/816 (26.8) 2107741 (28.3)  0.93 (074 to 1.16) 0.51
CPR as terminal event — no. of patients/total 707816 (8.6) 72741 (9.7) 0.87 (0.62 to 1.23) Logistic regression 0.44
no. (%)
Days from randomization to limitation 6 (3 to 16) 6 (2to 15) t-test 0.42
or withholding of potentially life-
sustaining treatment — median (IQR)
Proximate cause of death — no. of patients/ Pearson's test 0.12
total no. (%)
Cardiovascular-distributive shock 168 /829 (20.3) 140/751 (18.6)

Significantly increased risk of severe hypoglycemia and 90-days

mortality rate in intensive glucose control group

Place of death — no. of patients/total no. (%)

Icu 546/829 (65.9) 498/751 (66.3)
Elsewhere in hospital 220/829 (26.5) 1977751 (26.2)
Qutside hospital, after discharge 63/829 (7.6) 56/751 (7.5)
Severe hypoglycemia — no. of patients/total 206/3016 (6.8) 15/3014 (0.5) 14.7 (9.0 to 25.9) Logistic regression <0.001
no. (26)
Days in ICU — median (IQR) 6 (2 to 11) 6 (2to 11) 0 Log-rank test 0.84

Days in hospital — median (IQR) 17 (& to 35) 17 (8 to 35) 4] Log-rank test 0.86




Different Setting in ICU

Patients

Table 2 Results of subgroup analysis

Mortality

Infection

Hypoglycemia

Over all
Surgical ICU
Medical ICU

Non-diabetic
patient >50 %

Mortality >20 %

Actual mean
glycemic level

Over all
Surgical ICU
Medical ICU

Non-diabetic
patient >50 %

Mortality >20 %

Actual mean
glycemic level

Over all
Surgical ICU
Medical ICU

Non-diabetic
patient >50 %

Mortality =20 %

Actual mean
glycemic level

1.10(0.67-1.7)
1.32 (0.15-6.8)
1.00 (061-1.70)
1.6 (0.80-3.3)

1.1 (063-2)
0.74 (0.50-13)

1.30 (0.71-2.40)
1.20 (0.29-5.30)
1.30 (0.58-2.90)
1.30 (0.67-2.6)

1.3 (065-2.5)
065 (0.37-1.33)

0.80 (0.22-2.70)
0.48 (0.007-20)
0.83 (0.13-4.30)
1.0 (0.26-4.0)

0.83(0.21-3.0)
1.2 (036-4.2)

1.10 (0.89-1.27)
1.12(0.32-2.56)
1.05 (0.84-1.33)
10(0.77-1.3)

1.1 (0.92-1.3)
0.75(0.51-1.2)

1(0.77-1.79)
081 (0.16-3.84)
1.11(0.83-1.85)
1.09 (0.68-2.1)
1.1 (0.72-1.8)

061 (0.36-1.16)

4.34 (2.4-8.3)
5.88 (1.67-180)
4.35(1.54-11.4)
5.0(2.4-11.0)

4.0 (2.1-7.7)
7.4 (2.3-25)

0.90 (0.75-1.08)
0.83 (0.23-1.81)
0.90 (0.72-1.16)
092 (0.75-1.2)

0.4 (0.79-1.1)
043(019-1.2)

0.77 (0.53-1.16)
0.67 (0.23-2.13)
0.95 (0.64-1.48)
0.79 (0.51-1.2)

0.4 (0.58-1.4)
0.18 (0.008-1.9)

7.5 (4.4-13)

6.7 (1.5-39)
7.69 (3.45-17.2)
7.2 (4.0-13.0)

7.1(3.9-13)
8.3 (0.62-370)

1.0 (0.60-1.6)
0.94 (0.12-7.7)
1.03 (0.60-1.85)
0.65 (0.30-1.3)

0.96 (0.53-1.8)
1.0(0.84-1.1)

045-1.72
0.07-540
0.40-2.08

91
0.69 (
0.90 (
88 (0.40-2.00

)
)
)
)

0.84 (042-19)
0.95 (0.66-1.28)

5.4(1.6-19)

14.0 (0.42-3500)
5.26(1.09-29.4)
4.9 (1.3-20)

4.8 (1.4-19)
6.3 (3.9-10)

0.83(0.53-1.28)
067 (0.13-3.45)
0.87(0.53-1.54)
057 (0.29-1.1)

0.83 (0.48-1.5)
059 (0.27-1.4)

063 (0.38-1.00)
058 (0.23-1.39)
075(0.33-1.61)
061 (0.34-1.09)

0.71(0.41-1.3)
0.27 (0.012-2.56)

9.3 (2.8-34)
14 (0.56-780)
9.09 (1.82-62.5)
7.0(1.8-29)

8.5(2.3-35)
6.8 (0.69-270)

0.82 (0.65-1.1)
0.72(0.19-2.63)
0.85 (0.63-1.20)
0.88 (065-1.3)

0.87 (0.68-1.1)
0.58 (0.26-1.4)

0.71(0.38-1.20)
0.83 (0.13-6.60)
0.85 (0.43-1.40)
0.70 (0.34-1.09)
0.85(043-1.5)

0.28(0013-2.9)

1.77(0.77-3.70)
1.2(0.03-7)
1.80(053-6.3)
1.4 (0.56-3.6)

1.8(0.74-4.1)
1.1 (0.10-45)

Bold indicates that there is a significant difference

—



Table 1. Guidelines from Professional Organizations on the Management of Glucose Levels in the ICU.*
Updated since
Treatment Target Definition of ~ NICE-SUGAR
Year Organization Patient Population Threshold Glucose Level Hypoglycemia  Trial, 20097
mg/dl
2009 American Association of Clinical ICU patients 180 140-180 <70 Yes
Endocrinologists and American
Diabetes Association
2009 Surviving Sepsis Campaign ICU patients 180 150 Mot stated Yes
2009 Institute for Healthcare Improvement ICU patients 180 <180 =40 Yes
2008 American Heart Association |CU patients with acute 130 00-140 Mot stated No
coronary syndromes
2007  European Society of Cardiclogy and |CU patients with cardiac ~ Not stated “Strict"] Mot stated Mo
European Association for the Study disorders
of Diabetes

* The guidelines from the organizations listed are available online: American Association of Clinical Endocrinologists and American Diabetes
Association, www.aace.com/pub/pdf/guidelines/InpatientGlycemicControlConsensusStatement.pdf; Surviving Sepsis Campaign, www
survivingsepsis.org/About_the Campaign/Documents[55C%205tatement%200n%20Glucose%:20Control%:20in%20Severe%:205epsis. pdf;
Institute for Healthcare Improvement, www.ihi.org/IHI[TopicsCriticalCare/IntensiveCare/Changes [ImplementEffectiveGlucoseControl htm
American Heart Association, http:/ [circ.ahajournals.org/cgif content/short/117(12/1610; and European Society of Cardiology and European
Association for the Study of Diabetes, www.easd org/easdwebfiles/homepage/escandeasdguidelines. pdf.

7 The Normoglycemia in Intensive Care Evaluation-Survival Using Glucose Algorithm Regulation (NICE-SUGAR) trial is reported by Finfer
et al.®

1 The guideline recommends “strict blood glucose control with intensive insulin therapy” and refers to studies in which such therapy has tar-
get glucose levels of 80 to 110 mg per deciliter (4.4 to 6.1 mmol per liter).

Glycemic Control in the ICU,N Engl J Med 2010;363:2540-6.



Guideline Suggestion For 1
Management of Glucose in Sepsis | 2:¢

Pt

Q. Glucose Control

1. A protocolized approach to blood glucose management in ICU patients with severe
sepsis commencing insulin dosing when 2 consecutive blood glucose levels are =180

mg/dL. This protocolized approach should target an upper blood glucose <180 mg/dL
rather than an upper target blood glucose < 110 mg/dL (grade 1A).

2. Blood glucose values be monitored every 1-2 hrs until glucose values and insulin
infusion rates are stable and then every 4 hrs thereafter (grade 1C).

3. Glucose levels obtained with point-of-care testing of capillary blood be interpreted

with caution, as such measurements may not accurately estimate arterial blood or plasma
glucose values (UG).

Crit Care Med. 2013; 41:580-637



Glycemic Target in ICU Settings-
Suggestion From ADA Guideline

Initiate insulin starting at <180 mg/dL (10.0
mmol/L)

Once Insulin Is started, a target glucose
range of 140-180 mg/dL (7.8-10.0 mmol/L)
IS recommended for most patients

= More stringent goals (110-140mg/dL)may be
appropriate for select patients

Crit Care Med. 2013; 41:580-637



Discussion 1

e What blood glucose goal do you suggest in

adult critically 1ll patients?

e Initiate insulin starting at <180 mg/dL
e Target glucose range of 140-180 mg/dL



Question 2

e What treatment options are available for
achieving optimal glycemic targets in the

critical care units?




The NICE-SUGAR Study

Intensive glucose control :

81 to 108 mg per deciliter (4.5 to 6.0
mmol per liter)

Conventional glucose control:

180 mg or less per deciliter (10.0
mmol or less per liter)

180+

160+

Blood Glucose Level
(mg/dI)

Conventional glucose control
g1 e

Intensive glucose control

Base-1 2 3 4 5 6 7 8 9

No. of Patients
Conventional contro
Intensive control

T T 1 T T T T 1 T 1 1
10 11 12 13 14

Day after Randomization

| 2995 2233 1380 909 583
2939 2260 1428 908 562

Intravenous infusion of insulin In saline Is
used to control blood sugar




IV Insulin Infusion

e Continuous IV insulin infusion 1s the most
effective method to achieving specific
glycemic targets in the critical care setting.
o Short half-life of circulating insulin

e Rapid dosing adjustments



F A-3. B & R ey E AR AR A B R

Choice of Insulin Analog

LRSS BAEM A R | HEefR 242 4F A 8§ R
ARBEBREE

Lispro 5-15 4 1-2 /oF 4-6 /] u%

Aspart 5-15 4 1-2 /)e¥ 4-6 /] 8¥
BMHEMREF

Human regular|30-60 % 2-4 /NBF 6-10 /)~ 8%
PRk B E

Human NPH  [1-2 /8% 4-8 /] 10-20 /8
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Ultralente |2-4 /e £IETAR 16-20 /]~ 8%
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Other Situation

e Outside the ICU:

Insulin is still preferred in hospital setting

IV insulin infusions will usually require transition to SC
administered insulin when they begin eating regular
meals or are transferred to lower-intensity care.

SC administered insulin must be given 1-4 h before
discontinuation of IV insulin therapy in order to prevent
hyperglycemia.



Other Situation

e Considering nutrition support

Table 13.1—Insulin dosing for enteral/parenteral feedings

Situation Basal Bolus

Continuous enteral feedings Glargine g.d. or SQ rapid-acting correction
NPH/detemir b.i.d. every 4 h

Bolus enteral feedings Continue prior basal; SQ rapid-acting insulin with
if none, consider each bolus feeding to cover
10 units NPH or the bolus feeding and to
glargine insulin correct for hyperglycemia

Parenteral feedings Regular insulin to Rapid-acting insulin SQ every
TPN IV bottle 4 h to correct for hyperglycemia

IV, intravenous; SQ, subcutaneous; TPN, total parenteral nutrition.



Discussion

e What treatment options are available for
achieving optimal glycemic targets in the
critical care units?

e Insulin infusion therapy

e Other short-acting analog may also be considered



Question

o W
|IC

nat Is the risk factor of hypoglycemia in the

J population?



Risk Factors For
Hypoglycemia

Renal failure

Interruption of caloric intake

Sepsis with the use of vasoactive infusions,

Insulin therapy

CRRT with a bicarbonate-based replacement fluid .
Other underline disease

Liver disease

Immune compromise



Discussion

e Considering the risk factor of hypoglycemia in
the ICU population

Different target glucose range may be considered

Cardiac surgery Terminally ill
Acute ischemic cardiac Severe comorbidities
Neurological events Frequent glucose monitoring

or close nursing supervision
Is not feasible



Question

e How shou

treated In

d insulin-induced hypoglycemia be

CU patients?



Suggestion From ADA Guideline
2016

e A hypoglycemia management protocol should
be established for each patient:

A plan for prevention and treatment of
hypoglycemia should be developed

All episodes of hypoglycemia should be
documented and tracked

The treatment plan should be reviewed and
changed when glucose is <70 mg/dL (3.9 mmol/L)



Hypoglycemia in ICU Pt

e Stop the insulin infusion

e Administering 10—-20g of hypertonic(50%) dextrose.
50% dextrose dose in grams = [100 - BG] x 0.2 g

e The BG should be repeated in 15 mins with further
dextrose administration as needed to achieve BG > 70

mg/dL with a goal to avoid iatrogenic hyperglycemia.



Question

e How often should BG be monitored in ICU

patients?




Monitoring Blood Sugar

e BG be monitored every 1-2 hrs for most patients
recelving an insulin infusion.

e Every 4 hrs based on the stability of the BG
values within the desired range, as well as an
assessment of patient clinical stability.

e Unstable patients should have BG monitored at
least every hour to allow rapid recognition of BG
outside the goal range



Hyperglycemia Bundle in
TMUH
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Take Home Message

e Glucose targeting for most ICU pts: 140-180
mg/dL

e Insulin is the preferred method

e Close monitor blood sugar to prevent
hypoglycemia



Thank You!



