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NEGATIVNI EFEKT

redukuje koronarni kolateralni pritok a zvétSuje rozsah myokardialni
nekrozy

destabilizuje atheromové platy, vede k akutnimu koronarnimu syndromu
zhorsuje ischemicko-reperflazni postizeni

zhorsuje ischemicky preconditioning

(Marfella, Diabetes Care 2000; Marfella, Diabetologia 2000; Kersten, Am J Physiol 1998; Kersten, Am J Physiol Heart Circ Physiol 2001; Verma, J Thorac Cardiovasc Surg 2002)

» zvySuje riziko trombdzy

(Sakamotol, Thromb Haemost 2000; Knobler, Thromb Res 1998; Gresele, J Am Coll Cardiol 2003)

» zpUsobuje endotelialni dysfunkci a aktivuje rozvoj systémového zanétu

(Beckman, Circulation 2001; Williams, Circulation 1998; Title, J Am Coll Cardiol 2000)

% snizuje cerebralni krevni pritok, zhorSuje ischemické poékozeni
tr

(Lin B, Acta Neuropathologica 1998; Gisselsson, J Cereb Blood Flow Metab 1999; Hoxworth, Brain"Res 1999; Li, Stroke 2000; Capes, Stroke 2001)

» ovliviiuje rozsah renalniho postizeni u pacientt po kardiochirurgickém

(Meldrum, J Surg Res 1999; Van den Berghel, N Engl J Med 2001)

< zvySuje pocCet infekCnich pooperacnich komplikaci

(Butler, Pharmacotherapy 2005; Van den Berghe, N Engl J Med 2006; Van den Berghel, N Engl J Med 2001; Gale, Am Surg 2007)
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EFEKT HYPERGLYKEMIE

Characteristics for surviving and non-surviving patients and results of univariate analysis of glucose indices

Characteristic Curreivemns Plan o irwivmre P
Mumber of _I ﬂ
Male sex (r 048
Age lyears) o 0.001
Length of I = 042
" = 8 :

Romcilr ¥ HGI: 0.73 0001

Abdom = B

Liwver tr E

Vascul |

el = 4

isc
(e

AFACHE I 0.001
Mumber of 1 0.001
Mean gluc 0,001
Moiming git 0.001
Admission 0 - D.07
e 0 Time (hours) 24 48
HGI (mmol/M 08 [0.3-2.1) 1.8 (0.7-3.4) <(0.001

Values are expressed as median (interquartile range) unless otherwise stated. APACHE, Acute Physiology and Chronic Health Evaluation; HGI,
hyperglycasmic index; ICU, intensive care unit; SD, standard deviation.
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<+ Finney et al. - chirurgicCti pacienti
JAMA 2003;290:2041-47

<« Furnary et al. - kardiochirurgiCti pacienti
J Thorac Cardiovasc Surg 2003;125:1007-21

» Krinsley - chirurgicti / interni pacienti

Mayo Clin Proc 2004;79:992-1000

R/
0.0

Van den Berghe et al. - interni pacienti
N Engl J Med 2006;354:449-61
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HYPERGLYKEMIE U KRITICKY NEMOCNYCH

Intensive Conventional
Insulin Therapy Insulin Therapy
(n = 142) (n = 123) p
Cause of death
Multi-organ failure, n (%) 13 (9.2) 14 (11.4) 0.60
Brain death, n (%) 1(0.7) 4(3.3) 0.19
Other causes, n (%) 3(2.1) 6 (4.9) 0.31
Hospital mortality, n (%) 38 (26.8) 46 (37.4) 0.06
ICII LOS, mean % sp, days 0.8 9.0 9778 0.90
Hospital LOS, mean =% sb, days 48.7 = 62.8 50.4 = 65.6 0.83
ICU acquired sepsis
All sepsis episodes, n (%) 53 (37.3) 45 (36.6) 0.90
Severe sepsis/septic shock, n (%) 25 (17.6) 29 (23.6) 0.23
Mechanical ventilation duration, mean = sp, days 8.3 = 8.3 9279 0.38
PRBC transfusion, mean % sb, units 16 44 1834 0.76
New renal replacement therapy, n (%) 14 (9.9) 15 (12.2) (.54

ICU, intensive care unit; LOS, length of stay; PRBC, packed red blood cell.

Arabi et al. Crit Care Med 2008; 36:3190-3197)
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A prospective randomised multi-centre
controlled trial on tight glucose control
by intensive insulin therapy in adult
intensive care units: the Gluecontrol study

Intensive Insulin Therapy and Pentastarch
Resuscitation in Severe Sepsis
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Intensive Insulin Therapy and Pentastarch
Resuscitation in Severe Sepsis

Nutrition and Blood Glucose Control

Data regarding nutritional intake and blood glu-
cose levels are shown in Figure 1 and in Table 4
of the Supplementary Appendix. In the intensive-
therapy group, 243 of 247 patients (98.4%) received
insulin on at least one study day for glucose val-
ues above the target range (>110 mg per decili-
ter), whereas only 215 of 290 patients (74.1%) in
the conventional-therapy group needed insulin
because glucose values were outside the target
range (2200 mg per deciliter) (P<0.001). During
the study period, mean morning blood glucose

levels were lower in the iany group
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Figure 5. Circadian chvthm of blood glucose control and incidence of hypo- and hyperglveemia in the
total eohort of all four hospitals. Mean blood glucose control and the incidence of hypo- and
hyperghveemia show significant variation (p values; mean blood ghucose control, p < J0001; hyper-
flveemia | =10 mmol/L], p < 0001; and hypogheemia [<4 mmol/L), p = 00}

Egi M et al. Crit Care Med 2007; 35:416-21

(==
05 Table 2. [Continued.)

ve | Variable Insulin Therapy Fluid Resuscitation
lit Ringer's
All Patients Conventional Intensive Lactate HES
to (N=537) (N=290) (N=247) P Valuej (N=275) (N=262) PValuei
Hypoglycemia (<40 mg/dl) =0.001 0.85
MNo. of patients/total ne. 54/537 27275 27261
Percent (95% ClI) 10.1 (7.5-12.6) 08 (6.3-13.3) 103 (6.6-14.0)
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Intensive versus Conventional Glucose Control
in Critically Ill Patients
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Figure 1. Examples of glycemic profile. Twn examples of glycemic curves, from a survivor (4} and a E
nonsurviver (). Although the glveemic values are not significantly different (average glycemia, 119 il
mgdL in A; 128 mg'dl. in A, the complexity of the survivor's profile 4 is greater Hower detrended
fuctuation analysis [OFA]) than that of the nensarvivor, PR ' . T i o
Lundelin et al. Crit Care Med 2010; 38:849-54 Mean glucose level during ICU stay (mg/dli)

Krinsley JS. J Diabetes Sci Technol. 2009 Nov 1;3(6):1292-301

Summary of crude clinical outcomes stratified by hypoglycemia and blood glucose variability
Clinlcal outcame Total Hypoglycemic eplsade only Blood glucose varlabllity MNelther P value
{n=66,184) (n=7209) (n=1813) {n=57,969)

ICU length of stay (days) 12 (1.0 44) 2.0 {10146 0.7 (1.3 to 5.5) 18 (1.0 ta4.3) 0.001
[median (IQR}]
Hospltal length of stay (days) 10.7 (5.9 to 21.0) 10.0 (4.4 to 21.5) 114 (4.5 to 24.1) 10.7 (6.0 to 20.9)  0.001
[medlan (IQR)]
ICU mortallty (%) 11.1 17.3 22.6 2.8 <0.00H
Hospital mertality (%) 16.9 243 207 15.5 <0.001
|CU = intensive care unit; QR = intra-quartile range.

Bagshaw SM et al. Crit Care. 2009;13(3):R91
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Methodologpcal aspects j i 3
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Glucase measurement o Al Raddornetes bloodhgas analyzer (wrgaal) Mot saidandized 0,070 1 ; |
HemoCue | mwedical | Al types glucometers allowed = 1 i &
Fsudin infusion Continuous anly wia cengral fne Contimmmgs = Dol via 0l mootes E 'I : 1| N
Syrinje pump Alll ey o purmps allenwed 3 1 I 1
Murie iestruct lom Gindisline 4 Infuitrve decismn ik Astrech “if-then" algoritkm 0,013 1 : i }
Feeding rioube frst week Parenteral « Enteial Enteral oniy : : 1 1I
Average koal recevid duping OUstay | 1100 kcaliday BHO keal(day 0.010 } : I :
Tllt'FJI.l![ L\MIIFILJII\'.E' ) 1 : :
Bbood glucnse targes reacted il < 500K ! L |
[verdap in blood glacose between <1 = B00% 0,005 ! H !
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Ciatormes i o E i .
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Table 1
Key differences between the Leuven studies™™ and NICE-SUGAR'®.
Leuven adult studies NICE-SUGAR
Number of patients 2748 6104
Selting 2 = 1 centre 42 cenires
Patient sample (% of admissions) 60% medical), 95%( surgical) 15%
Methodological aspects
Comparator group target | 10-12 mmol/L (180-215 mg/dL) 7.8-10 mmol/L { 140-180 mg/dL) |
Intervention target <6.1 mmolfL (<110 mg/dL) <6.0 mmol/L (< 108 mg/dL)
Blood sampling site Predominantly arterial line Arterial{venous/capillary
Glucose measurement tool ABL Radiometer bloodgas analyzer (surgical) Not standardized

Insulin infusion

Nurse instructions
Feeding route first week
Average kcal received during ICUstay

Therapy compliance
Blood glucose target reached
Overlap in blood glucose between
two groups

Outcome
Hypoglycaemia
Morbidity
Mortality
Therapy withdrawal policy

HemoCue [ medical)

Continuous only via central line
Syringe pump

Guideline + Intuitive decision making

All types glucometers allowed
Continuous + bolus via all routes
All types of pumps allowed

A strict “if-then” algorithm

Parenteral + Enteral Enteral only

1100 keal/day 880 kcal/day

705 =50%

=10% =50%

*x B x 13

Reduced organ failure and infections Neutral

Lowered by absolute 3% Increased by absolute 3%
Late Early

D. Mesotten, G. Van den Berghe / Best Practice & Research Clinical Anaesthesiology 23 (2009) 421-9
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Hypoglycemia and Risk of Death
in Critically Ill Patients

The NICE-SUGAR Study Investigators*

BACKGROUND

Whether hypoglycemia leads to death in critically ill patients is unclear.

N ENGL )] MED 367;12 NEJM.ORG SEPTEMBER 20, 2012
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Figure 2. Hazard Ratio for Death According to Treatment Assignment and Status with Respect to Diabetes

and Postoperative Status at Baseline.
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1336

186
37

Hazard Ratio (95% CI) P Value
[ ] |00
00l
- 1.28 (109 153)
B 1.57 {1.36-151)
Q.29
S 2.11 (L61-2.54)
2.1 (1.71 5.23)
|
0.17 1.00 5.0
il [
Decreased Increased
Risk of Death Rislc of Death

Figure 3. Hazard Ratio for Death According to the Occurrence of Hypoglycemia on 1 Day or More Than 1 Day
and Receipt or Nonreceipt of Insulin Therapy at the Time of the First Hypoglycemic Episode.

The risk of death was increased among patients who had moderate hypoglycemia on more than 1 day, as compared
with just L cay (Panel A}, and among patients wno were not receiving insulin when hypoglycernia first occurred, as
compared with those who were recawving nsulin (Panel B). The interval from the first gpisoce of hypoglycemia o
death was shorter among patients who were nat being treated with insulin when hypoglycemia first occurred
(P=0004 and P=0.001 for moderate and severe hypoglycemia, respectively) The size of the squares is proportional

to the number of deaths.

N Engl J Med 2012; 367:1108-1118
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Subgroup

Cardievascular cause of death
Distributive shack
Mo bypoglesmia
Muocarabs hypoglcania
Sewvere hypoglyoemla
Arrhythmia
Mo bypeglyesmia
Muoderate hypophenmia
Severe hynoglyoemia
Cher
Mo hypoplyesmia
Wederatz hypoglcemia
Severs hypeglycermia
Meurologic cause of death
Mo hypoglyocmia
Moderale hypoglpesmia
Severe bypoglycemia
Respiratory cause af death
Mo hypoglcemia
WMecsrate hypoglcamia
Sevore h!ul."l‘}rll:.'{'l?rl'"i:l
Cther cause of coath
Mo hypoglycsrmia
Woderate hypoglycsmia
Severe hypoglycemia

Deaths

F

110
177
Z1

40
41

S5
11%

£03
158
12

170
179
)

Lar
L0
17

Hazard Ratle [95% CI)

5.0

Decreased
Risk of Death

I nereased
Risk of Death

100
234 (L69-325)
435 (2.20-7.61)

|00
1.3 (0.71-2.43)
LOB (023 4.28)

1.0
L 41 (095108
.29 (0.56-7.99)

Lo
115 {0.86-1.53)
L 74 (0.00-3 3¢

Lo
LO7 (0781 43
1.42 {0.81 2.50)

1.0
1AG 092 2.15)
298 (1.51-3.88)

P Value

<00

0,001

(.58
(154

0,08
055

03k
010

069
Ly

0.05
0002

Figura 4. Hazard Ratic for Death from Specific Causes According to the Occurrence of Moderata or Severe Hypoglycemia,
The hazard ratio for daath from cistributive (vasadilated) shock was sgnificantly higher for patients with modeate
or severs hypogivocemia than for those who did not have hypoglycemia. Patiznts with severe bvpoglycemia alse had
2n increased hazard ratio for ceath from miiscellanecus causes. The size of the squares is propartional te the num-

ner aof deaths.

N Engl J Med 2012; 367:1108-1118
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ORIGINAL ARTICLL

Hypoglycemia and Risk of Death
in Critically Ill Patients

The NICE-SUGAR Study Investigators*

CONCLUSIONS

In critically il patients, intensive glucose control leads to moderate and severe hy-
poglycemia. both of which are associated with an increased risk of death. The as-
soclation exhibits a dose-response relationship and 1s strongest for death from
distributive shock. However, these data cannot prove a causal relationship. (Funded
by the Australian National Health and Medical Research Council and others; NICE-
SUGAR ClinicalTrials.gov number, NCT00220987.)
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Intensive glucose control probably kills, says
NICE-SUGAR post-hoc (NEIM)
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Fekih Hassen M. Diabetes Res Clin Pract. 2010 Jan;87(1):87-91
Critchell CD et al. Intensive Care Med. 2007 Dec;33(12):2079-84
Hassen FM. Diabetes Res Clin Pract. 2010 Jan;87(1):87-91
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Vasopressor-
Dependent Edematous Postsurgical All
Analysis and Value,
mmeol/L n " Adreement n % Adreement n % Adreement n ¥ Agreement
Glucose meter,
capillary
blood
(lingersticks)
<45 8 25.0 (0=55.00 21 23.8 (5.6-42.0) 9 333 (2.5-64.1) 38*"!113—&0.3]
=45 268 T1.4 (54.7-88.2) 22 864 (T2.0-100.00 30 60.0 (425-77.5) 80 T.J° (61.3-81.2)
Total 36 61.11(45.2-77.0) 43 55.8 (40.9-70.7) 39 53.8¢(38.2-69.5) 118 56.8%" (47.8-65.7)

Glucose meler,

arterial blood m
<45 8 50.01{15.4 84.6) 20 55.0(33.2-76.8] 8 B2.5({28.9 96.0) 36(55.6% (393 71.8)
i

=45 26 73.1156.0-90.1) 22 86.4(72.0-100.0) 29 72.4(56.1-88.7) Y7 (67.2-50.1)
Total 34 6GT7H(51.9-834) 42 71.4(57.8-85.1) 37 T0.3(h5.5-850) 113 6949 (61.5-78.3)
Blood gas/

chemistry,

arlerial blood
<45 B 62.5153.5-100.0) 20 60.0(38.5-81.53) 9 T77.8 (bL6-100) (49.5-78.4)
=4.5 28 75.0159.0-91.0) 21 85.7(70,7-100.0) 29 86.2 (73.7-98.8) (73.5-90.6)
Total 36 72.2(575-86.9) 41 73.2(59.6-86.7) 38 84.27(72.6-95.8) (BR.8-84.3)

“p = 0126; %p = .0003; p < .001; %p = .0045; “p = 0196; p = .0022; “p = .0391. The tested
methods of glucose measurement were said to agree with the reference standard measurement (laboratory)
when they both resulted in the same clinical intervention according to institutional protocol (Table 1). If the
tested method and reference standard would result in different clinical interventions, they were said to disagree.
The “n” values reflect the number of paired observations analyzed.

Kanji et al. Crit Care Med 2005; 33:2778-2785
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Table 1.
Correlation Coefficients (%)

Accu-Chek Hemocue
ABL all ranges 0.97 094
ABL TGC ranges 0.66 0.56
ABL low rangaes 0.73 J.78
ABL high ranges 0.96 g.92

ABL, blood yas danalyzer; TGC range, tight glycemic control range
(23010 meg/dl; low range, BG <80 mg/dl; high range, BG =110 mg/dl.

Vlasselaers D. et al. J Diabetes Sci Technol

2008;2(6):932-938

O KARIM
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Mean arterial glucose (mmol/L)

MediSense
Siemens
HemaCue
Radiomeater

5

Watkinson PJ et al. Ann Clin Biochem. 2012 Mar;49(Pt 2):144-51
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o T " *p < 0.001

o  40% - compared to =40
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:
D 10%
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Hematocrit (%)

Figure 3. Glucometer error increases in a linearly as HCT decreases.

Mann AE et al. J Diabetes Sci Technol 2009;3(6):1319-1329
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Flaure 2: Btk ratlas &F mortality in clinical trlals comparing intansive Insulin tharapy (IT) ta camvertional ghycemls control stratifled by

bypea of ICU. Tests for heterogeneity: mixed 1CU

0.0%; surglcal ICU; Q statistic

fideree Interval.

0.84),
a

G G%; medicel 1CU: O statistic = 2,00 (p

0 statistic = 45,67 (p < 0.01), &

O statistic =29.54 (p < 0.01), F

0UE0y, F statlstic O.0%; all KU patiants

= Con-

AG%, Mot

278ip=

No. deatks ! total no: patents

Favours T Favou s oontrol
Slucy i Contre Risk ratio (25% C1) A=———
Mined €L |
Y et alw 428 a4 .96 {0.27-3.47) .
kenderscn et al.! 532 7135 C.78 (0.28-2.22) -
Mitchell et al,= 8/35 335 2,00 (0,8%-10.16) : . >
Vyang etal,™ 7158 FLTR .27 (0.13-=0.57) e |
Azevedn et al.2 8168 424°BC £.9° (0.62-1.34) B
FICM i et al 2 611 449 1.23 (0.40-3,04) —_——
Cevos etal,? 1071550 OS5 1.20 (0.93-1.55) ‘B
Brunkhorst =t al.!! 07247 1027266 1.12 I:I:I.QD'—L:I'S} —.—
lapichino et al 3¢ ‘545 12145 1.25 (0.66--2,36) o —
ko et al® ‘&58 S6s64 C.6° (0.37-1.00) —
.I'J"lﬁ-'lg etalm & 1648 B1IL LB (U0 19— 34) L
Ce La Rosa Gdz| at 3, 1021254 ] 1.05 (0.84-1.30) -.-
Arabi etal.® 121266 E37257 €.B4 {0.64-1,09) ‘B
Mackenz e et al.® 92 471119 .82 {0.58-1.15) B
KICE-SLGARE 820/3010 FLUE0TZ OLAB{1.01-1,20)
Al mised ICU patients 13515051 1301/5088 U9 (UE-1.10) ’
Medical ICU i
Bland 2t al.i» 15 205 C.50 I:I:I.DE—E.E'I}
Van den Zerghe ot alt 7140595 FIRIRNG €85 [ R?-1.11) -
Vialtens e1 al.» 13 'z 2.7%40.12-62 48) >
Farsh ot al.@ 12 22148 LT 0.77-1.78) -
Cksanen et al.™ 139 1051 .34 (0,531,648} —r
Brunoetal.= 2 0Ms 2.50(0.13-L9.05) ¥
Al edieal \CU patients 2530737 2700736 1.00 (0.78-1.28) ’
Surgical ICU
ian den Barghe at al ¢ S5/TRS ERTRZ € B (04BN 97) -
Crey et al. 4134 BT C.53 {0.17=1.6%) - ;
Bilotta et al. EMO 748 £ (0.30-2.20) -
Fu el al® 7/150 6/38 .30 (0.11-0.83)
Bilotta et al. 2 5/48 B/49 C.B5 (0. 28~2.60) -
Al surgieal 1CU patients 1771017 110/035 €.61 (0.44-0.91} ‘
Al ICV patients 168145812 16815760 £.93 (0.83-1.04)

0.1

Risk ratio (95% €I)

3

Griesdale et al. CMAJ. 2009 April 14; 180(8): 821-827.
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Wilson et al. Diabetes Care 2007 Apr;30(4):1005-11
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patients undergoing open cholecystectomy.

Akhtar S et al. Anesthesia & Analgesia 2010; 110(2):478-97

= zmeny inzulinove rezistence

= cirkadialni rytmus glykémie

Smith et al. Diabetes Care 2007; 30(10):2503-5
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PREDISPONUJICI FAKTORY HYPOGLYKEMIE NA ICU:

rh' ¥
Q KARIM
* RARIM LLF L WFK ¥ PRAZE

CVVH (bikarbonatovy substitucni roztok)

snizeni nutricni podpory bez snizeni rychlosti infuze inzulinu
inzulin

DM

sepse

inotropni podpora
Vriesendorp et al: Crit Care Med 2006, 34:96-101
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INZULINOVY PROTOKOL:
“PAPIROVY*“

= nejCastejsi varianta

= nejjednodussi na implementaci
= nejsnadnéji auditovatelna

= dobre prenositelna

= nejlevnéjsi



INZULINOVY PROTOKOL:

“ BATTREREM Y

OKARIM

Guidelines for the application of insulin at MUG;

1o Appcaton of inslin
A T infsion G e 10 inse G deenlee! diahetie pationts sod T -patients
b Insulin balus for all athe: patiznts
Frepaiation of tnaulin infis:on
i Stardard conceatration is [OUEL insolin i1 32ml ¥ 2love
I Solwtion psstasle Toral Pz oeest 240
A0 Detcrmzatien ol gluccss conceniraliosg
i Mueswremenl g labarulory aravscr or Bello-Choeek
b Messuremend o omdiluieg anerial blocd oo capatliry bicod
oo lequescy of measurement
i, Tirar messirement a2 acnission
i AL least six neaztrements per dav o 1-2 honrly if eovesred fioan
Ireating phvscian
G GO ek s e iy nbion S caerge ol lusien rals or belusd
tve Gl e, aflter slop ol waciee nlusion o ol
4, CRlucose et vl
i 1L BT Il dhelons 120 mpd i
b Generd w200 il
S Db 1 asing Sclheme
a. Tnsubn Trfesion

i Bri=2IC slEh

v, BG=al Trswten Slop + 10y Gl (20%0 in i vemons
b Insulin Bolus
I, Bizz=:Zi S1E
i L& S = 220 Bl
i, 1A B < 10 ~1T

150« Bz = 220
L2 B D80
Al B -

]JEh
=1L
Tnsptn Stop

(2) Intravenous insulin infosion sliding scale

Medication: 100 U human regalar insulin in 100 mL of (0.4% saline, Use
infusion pump to control re.

Trsalin Specific physician ordet.
Bloced or plusma glucose infusion rate imsalin infusion maie

(el {Lh) (Uit
=400 8
51-4001 fi
301-3501 e
2 3007 3
200)- 2497 25
| 50- 199 2 2
| 240149 15 15
1M} 1 I 1

-99 i 0

<70 (1 0

*Hypoglyceemic risk increases when insulin infusion rate is increased for
glucose concentrations of <200 mg/dL. A new physician onder mist be
completed for each increase in infusion mie

TIF glocose level does not decrease to goal range within 4 hours, the
insulin infusion rate should he mcreased progressively by 0% incre-
ments for each glucose range of =200 mg/dL.

Nurse-drven protoecsl
I Moo glocese i bedsde hourly anii] levels have beer simhilizsd in a mnge 0000 mg i) for
A Isowrs (zomfirmowith o libeeainny plieode el if bediode glaooss is =200 mpidl)
L Devrrass fevpasder of plaome measamenserss o =y ey I e wlier glagoss lvvel has been siabili zed
far & hows
A, Wil physician if
&, Liwkros decronsea by more than B mgidl, per Inni
. Lilodeee reitvibin =250 npddl for I lasdy imcsinerenis
., Olwovse bs <M me'dl

Rady et al. Mayo Clin Proc 2005; 80(2):1558-1567




INZULINOVY PROTOKOL:

LEERIHREIINOL -ovnamic scate

Measure glucose
onentry to ICU

Measure glucose
every 1-2 h until
normal range

Measure glucose
everyd h

BG>11.1 mmol/fl 7

Startinsulin 2-4 1U/h

BG11.1- 6.1 mmolfl?

Startinsulin 1-2 1U/h

BG «<6.1 mmol/fl ?

|

BG =7.8 mmol/1?

Don’t startinsulin but continue BG menitaring everyd

Increase insulin dose by 1-2 IUfh

BG5.1-7.8 mmol/l ?

Increase insulin dose by 0.5-11Ufh

BG approaching narmal range ?

BG approaching narmal range ?

Adjust insulin dose by 0.1-0.51U/h

Adjust insulin dose by 0.1-0.51U/h

BG normal 2

Insulin dose unchanged

BG falling steeply ¥

Reduce insulin dose by half and check mora frequently

BG 3.3 - 4.4 mmal/l ?

Reduce insulin dose and check BG within 1 h

BG 2.2 - 3.3 mmol/fl ?

Stop insulin infusion, assure adequate baseline glucose
intake and chacl BG within 1 h

BG<2.2 mmol/l ?

Stop insulin infusion, assure adequate baseline glucose
intalke, administer glucose per 10 g IV boluses and
check BG within 1 h

Q

s’

&
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INZULINOVY PROTOKOL:

SRR RIRBVING uonereoy covmame soaer

Starting rate for
insulin infusion:

>h.1
mmol/L

WHAT IS
LATEST
BLOOD

GLUCOSE?

Starting

BG ‘|nsu!|n

(mmo/l) infusion

rate

(ml/h)
3-6.1 0
6.2-9.9 1
10-12 2
>12 4

4-6
mml/T.

< 3

mmumod (L

How
much has
T
glucose
changed

from
previous
value?

How
much has
blood
glucose
changed
lrom
previous
value?

sTOP
INSULIN

¥
| tmmoVL | |21 dmmolL |1 ZmmolL| | <1 mmolL |
___| Bloud plucose \ 2
decreased by.. 4 Insulin i} Insulin
- S T S
it Insulin by
1 Unithr
i Insulin by 1t Insulin by Y
| Blood plcose +4 Tnitsmr 2 Units’hr
Sicieated by R =
| >dmmoli, | |2 -4 mmolL | <2 mmol/L |
4 $ B S
; | ~mmovL | [21-3mmovL| [1-2mmoVL| | <1 mmovL |
| Blaod plocose +* . 4
_|dl.-trt:as¢:1 by... ! Insulin by 1 Insulin by ' I Insulin by
—_— 2 Unitzhr 1 Unit/hir 0.5 Unit'hr
. No change
it Tnsulin by it Imsulin by
- Blood plucose 4 Units'hr 0.5 Units/hr |
|inereased by 4 E
= | =2mmoVL | [1 2mmolL | | <1 mmolL
. . + 3

Give 10 ml of
S0% glucose

Check glucose in 30 min. Start again from first
box for nexl blood glucose. Discoss with doctor.

Laver et al: Anaesth Intensive Care 2004; 32:311-316
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INZULINOVY PROTOKOL: ELEKTRONICKA
VERZE PAPIROVEHO

= zjednodusuje uziti komplikovanéjsSich protokold
= zrychluje ziskani doporuceni rychlosti inzulinu

= poskytuje prehledné informace

= snizuje riziko chybné interpretace protokolu

= upozornuje narizika'!

* nutné technické vybaveni

* riziko chybného zadani adaj(



. Measure blocd

glicose on admission

i J

r

¥

“QKARIM

Upto 8 mmaol L™ 8110 12.2 mimol L™ Abowe 12,2 mmeol L
& Mo inaulin requined * Bacim irsulin at 2 * Bagn insulin st 4
® Aechack bood glucosa 4 umits per haur units par hour
hourly and then daby i » Rechecy hlood = Becheck Hood
=B in first 24 hours ?_H:q“ i ¥ howr gl'l..ll’.:-:’.!"_-i:r in 1 hour
L r
I blocd glucose s more than 8.1 mmel L on 2 of 3 Racheck blocd _
recheck readings than stat insulin &3 protecol Alueose i
1 ¥ i ¥ i
Below 2.2 mmoal. L™ 2940 4.0 mmal L7 4,110 5.3 mmol L B4 to T4 mmol™ 7.2te 88 mmol L™ =58 mmol L
* Stop msulin. * Stop ineulin, * Reduce inuiin # Alm to maintain * |f blood gluscss * Il blood glucoss
o Fiw 20l of w Check pratiait i blosd gluuuu i sy o i rming e s
S0% glucoss [V calorie intehe =g
» Fechack blood IV ar enteral Calculator for Insulin Infusion Rates
glucoso in 30 tooding.
minutes * Consider 10% i T e
FB. Mevy sofwars - please report any Jroklzms,
= Alert ICU doctar Dexdrose L A S e e A P S e 5 ; = -
o Coolots ool Lt ca [To find out about e pro:ocol, follow this link: Biood Sugar Frotocol. |
medent fonm restart teeding i _ _
during  “restng" [ considerng starting Insulin, use this chart |
' :ﬁ:wnufzi” If Insulin Is established, Use the calculator below:
THE BreCol WOMKS s whan Dol e51s ane stable, 1T iR doub s2ek advice.
| | [l Slugass (1 age) | mmald
Zurrent IRsulin | {Lnits/h)
. UGNt GRIZ0o0
Thomas et al: Anaesthesia 2005, 60:1093-1 I b




Insulin Infusion Rate Calculator

Tergst Shesac i 5@ ke T | meald

Advice is basad on these Dpore::
Glrsae wrag M wemal ane e aorn
Inaln kna boea muonerg ot | etk
LRI 10 el Do

Ferfar Glucose Levell
T Slocogs hae besn Sblblz_, nd.ju-'l. h',' 05%erl u'.:l.l']'l.q:y'\curcﬁ:tlehon
Cherk PM hoardy ae of stabe fordt or mare t car be checked eeney dh O K

Advized Inrulin & omitiskh,

IE. The protecs] iy aot ohiroys give the beat cdmice far yoor pazeat]

If pour panieTt 5 wnmmasle o pow are not swre whether hie proocsl should be ned, dsous te
eruatter Wik oee of toe e dacal slaf

Clpas

A. N. Thomas et al. = Glycaemic control in ICU

1 RASUES © PMRHIO T IRTEFe B O

Insulin Infusion Rate Calculator

Targer stz de 54 0 T 1 moeld

Advice is based on these fgures.

Ciscose s 10 mmed ons hoer age
Irsar hios seen mnnng ab 1C waria'h

Gcode & | movcd novs!

Hypoglyeaemda - Srap Irsulis |
Gove Ml 5 50% Glieoge Lo
ok Checosom 30 mumrica
ardact Doclor

Fdl 13 a Umacal ncidest S

Advizad Insalin @ wnit{sih.

TIE. The provacel may wod e gue he Faa sdvee e your paies|

Tprur patisn: nmatahle or poe ere not e wehether the protaccd shindd besed, dhecure the
mtter with vae of the sl o e

Shoe

Before protocol Initial protocol Revised protocol

August 2002 - May 2003 - July 2004 -
March 2003 July 2004 November 2004
Glucose levels for results linked to 7.3 (1.8) 6.6 (1.6) 6.2 (1.3)
daily summaries; mmol.I"'
Proportion of glucose levels < 6.1 mmol.I""; % 30.2 (32.7) 42.6 (34.1) 48.8 (32.7)
Proportion of glucose levels < 8 mmol.I"™"; % 69.3 (32.5) 81.3 (27.0) 88.8 (19.5)
Glucose levels for all results from 1.2 (2.3) 6.6 (1.9) 6.4 (1.6)

06.00 to 12.00 h: mmol.|”

Thomas et al: Anaesthesia 2005, 60:1093-1100
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INZULINOVY PROTOKOL: MATEMATICKY
MODEL

= moznost propojeni vice vstupl (vyZiva...)

= moznost rozhodovacich prvk(

= snizuje riziko chybné interpretace protokolu

= nutné technické vybaveni

* riziko chybného zadani adajl



INZULINOVY PROTOKOL: MATEMATICKY
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Vogelzang et al: BMC Medical Informatics and Decision Making 2005, 5:38 http://grip-glucose.sourceforge.net



POCITACOVY INZULINOVY PROTOKOL

Review
Health technology assessment review: Computerized glucose
regulation in the intensive care unit - how to create artificial

control
Miriam Hoekstra!, Mathijs Vogelzang2?3, Evgeny Verbitskiy4® and Maarten WN Nijsten®

Conclusion

Computer-assisted glycemic control has proven to be more
safe and effective than paper protocols in ICU patients. A
successful system is nurse-centered, fully integrated into the
routine workflow, transparent, and uses patient-specific
information with intermittent glucose measurements and
variant sampling intervals.

Hoekstra M, Vogelzang M et al. Critical Care 2009, 13:223



Tablg 1

Summary of published eomputer-assistad glucoss regu lation protoesls, designad Tor eritically 111 patients

Temgi mnns

Beian wnasle pee

Hrinmena M Bahart bpe APALHE 11 =il Prebaminnce: Hypralyeaercie nalin=d ner day
Drwn at al ™) el Hurpasl 1] ? LEmBl SH5E @ lirnin e 0,708 20 2 ol =18 {12 40 2Lt
Cordngey e ol 123] 16 bl WSL 166 4.4 w1 B3 of bz 0 cange 032 armeal 10
Gevicsnn et al, |95 5 ATA Tanrwen mradica e Yrriihle e bt ;|I Tlals i 05 =06 mrnd )l =15 (19 w0 ek
and augeal Hasrs
Dawteh of o, ] bl ] Traue CL E342%5 d.4 w61 A3% gl masirere L 0 g 030 <2 3 miralill 0T
Hemraynr afal (26 fE ARG R LamBT Meon DG 64 vracld 005 <28 mraeld 1 6.0
Huiarese o ek wl [28] 34 Cud ao worgey ¥ 4.4 b1 BUYa ol Lz oo range 0=ty vl b
!I.I'Illl. eal 19 2998 Mliwes WL = e mid B o meisiaer et non Ty A% <2 & vl =45 {10 w2k
Lase e 5 |23 (i=3] [ ITEr I e 1t 4o Ve b ol meamorsrmenE o Lre 1M ol pete sl a sngle =120 w2k
ranpe 3V W 1201 realiL wpizml e 2R rraliL
Mewinzas of al | 28] 178 Aliwm L) 1 cRmT7h B35 e bimnin e 0055 <7 9 el a4
b et ! 200 Th W e W51 MR 4.4l A3 nl g G0 e A% <22 il =13y ed
SICE-SLIGER [13]: 04 Meac KL AR LRmAn Iérzn | e evaighoes [0 .8 2.0 mrrnl!| =12 (A tn J4)d
rernscea ekl B mmelil
MIGE-SBLIGEAR [10] 3,080 Misead WL 211 RO 100 Mean | ez hind QG 0 % 2.9 meaal] 12 (A =a 227
coreentintal aasiaal 28 s Lo T
Aachiar stai [31) a5 Medical 15U 8.8 4 im Bl K&l = 24 mrall | apacda<2.I mToil 123
Flark st a' |33 i HG Candac surgary 114 &t il F3% of bmiA o ranga G2 mmalddl 2t
Rooo eraf [33] GE Miraa WL 198 L 0m T B4 af time in renga wouEsh af tire =200 mroll i
Haager afal 3¢ x Cand ac sungary I 30mB3 Bdyat tma 7 ranga S eoisades <33 rralll 24
Shu man ef el [32] i Miga ICU ] LamBl 234 o time in renge 00850 af time <22 mToL 12.F
Thomas e s, [3E] a0 emed WL 1dL 54271 B5% of measurerents <8 mmoil 18 epmodas 12 16 20 2210
Tosscdvong =i al [37] 128 Tracira 5 dah doapty Ieen BES H.4 oo L B2 ol pelentavath e sng e i
azisode <28 rcll
Vogelzeng eval [35) 2,800 Mwad 1L T4 4,050 0 B4 of tme 7 rangae U3 =22 rmail 2]

*Hypaglyesamiz i rapresemad as tha proparton of 2/ reasc-srrants. un'ees olrarw s eoec fie, *No aact data, But prefoco Ras 'hawry to s@a - ourly rreasurerranss, “Caiculsied trom
swrabar of maesvrementa snd lange~ o atay. "he exact ceis, bat sectoco’ Ras “houry 1o fourhour y measu-amams  APACHE, Aoute Pryaolagy and Crronic Hesks Evavstion | BE, Booo
chicosa; CABG, coronary enery oy oase omtting; HGE, hvperglcaemie ircess 155, Inury Sevadty Scora; RCE EUGAR, The hormaclceemna - Imtensive Care Eveliaton  Surdwa Uzng

Alzartsr Besalabon

52



QKARIM

5%06 vSech hodnot glykémie zadanych do protokolu se neshoduje
s nameérenymi hodnotami

nastavena rychlost inzulinu se od doporuceni protokolu liSi o 2%
- 23%
83%0 ignorovanych doporuceni bylo pro ,,obavy z hypoglykémie*

riziko ,,nenastaveni infusnich pump* (napr. pri soubézneé akutni

Sltu aC|) Campion TR et al. International Journal Of Medical Informatics 80 (2011) 863—-871
Campion TR et al. J. Am. Med. Inform. Assoc. 18 (May (3)) (2011) 251-258.
Anger KE et al. Pharmacotherapy 26 (February (2)) (2006) 214—-228.
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MPC ALGORITHM (Model Predictive Control)
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eMPC alagorythm




SGC

4x = F(t.x,u), x(0) = xy,
J(u) = [L£(t.x, %, u) — extr.

Figure 1

Model Predictive Control (MPC) versus Proportional-Integrate-Derivative (PID) control. When using MPC control, the
driver determines ('calculates') his driving strategy before departure after careful investigation of the road. When he
uses the correct information (input variables), he stays on the road (yellow car), but small errors in input variables
can lead the car in the wrong direction (red and blue cars). The drivers using PID control readjust their driving
strategy often by frequently calculating the difference with the 'ideal’ track.
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57



“OKARIM

SGC

i

i

9
_

58



“QKARIM

SPACE GLUCOSECONTROL

Enteral Nutrition

Parenteral
Nutrition

Insulin Pump

GlucoseControl
SpaceControl
User Interface




‘OKARIM

SPACE GLUCOSECONTROL

1. Blood sampling

Auvtomztic insulin zpplication
and analysis

1. Confirmation
of suggestzd
insulin rate

Automatic consideration
af nutrition datz

Aulomaticealesiation of i
appropriale insulin rale and

mexl sampling lime ' 2. Input of glucose value
intn SnaceControl

= zvySena bezpecnost pacienta
= ZmMeny vyzivy jsou vzaty systemem okamzité v potaz
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4.4 - 8.3 mmo/I

Time above Target Range

Time in Target Range | 85,9

Time 3.3 - 4.4 mmol/I 1,2

Time 2.2 - 3.3 mmol/I 0,1

Time Below 2.2 mmol/I 0,0

Blood Glucose Maximum Value

Blood Glucose Mean Value

: Time above Target Range
u Time in Target Range
W Time 3.3 - 4.9 mmal/l
® Time 2. - 3.3 mmolfl
me Balow 2.2 mmalfl

Blood Glucose Minimum Value

Blood Glucose Mean Sampling

Interval Hal
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2 w— Now onset hyperglycaemia
= == « Established diabetes melltus

Mo rtality risk

90 140 215

Blood glucose level (mg/dL)

D. Mesotten, G. Van den Berghe / Best Practice & Research Clinical Anaesthesiology 2009. 23:421-9
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Table 1
Key differences between the Leuven studies®'” and NICE-SUGAR'®.
Leuven adult studies NICE-SUGAR
Number of patients 2748 6104
Setting 2 = 1 centre 42 centres

Patient sample (% of admissio

Methodological aspects A
Comparator group target - 10 mmol/L ( 140-180 mg/dL)

Intervention target s . 0 mmol/L (<108 mg/dL)
Nurse instructions Nutritian trict “if-then” algunthm
Feeding route first week _ eral only
Average kcal received during Insulin Pump D keal/day
Therapy compliance
Blood glucose target reached (0%
Overlap in blood glucose bet GlucoseControl 3
two groups SpaceControl
e User Interface
Hypoglycaemia 3
Morbidity E————— ~ltral
Mortality Lowered by absolute 3% Increahed by absolute 3%
Therapy withdrawal policy Late Early

D. Mesotten, G. Van den Berghe 7/ Best Practice & Research Clinical Anaesthesiology 23 (2009) 42
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