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Kto prvy diagnostikoval DM?
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Diagnosing Diabetes
A Practitioner’s Plea: Keep It Simple

In a technologically simpler but no less sophisticated
time, Hippocrates, the “Father ol Medicine,” was the
first to diagnose diabetes mellitus. Hippocrates' diagnos-
 tic tools were straightforward and accurate—a history of
polyuria, polydipsia, and polyphagia coupled with a sweet
taste to the patient’s urine. This clinical approach sufficed
[or almost 2,500 years.



1. Klasifikacia diabetu (mmol/l)

Zdravy: nahodna <5,6; nalacno <6; po 2 hod zataze <7,8

ZVYSENA (hraniénd) GLYKEMIA NALACNO (IFG)
(Impaired Fasting Glycaemia)

glykémia nalacno: 6,1 -6,9 (<7) a

po 2 h: <7,8

PORUCHA GLUKOZOVEJ TOLERANCIE (IGT)
(Impaired Glucose Tolerance)

glykémia nalacno: 6,1 -6,9 (<7) a
po 2 h: /,8-11,0

DIABETES MELLITUS (DM)
glykémia nalacno: > 7,0 alebo
po 2 h: >11,1 WHO 1999
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Vyvoj poctu chorych lie€enych na diabetes mellitus

Slovenska republika (NCZ1,Bratislava 2009
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< Back to list of countries

Slovakia

Slovakia is one of the 47 countries of the IDF European region. 415 million people have
diabetes in the world and more than 59.8 million people in the EUR Region; by 2040 this
will rise to 71.1 million. There were 409,200 cases of diabetes in Slovakia in 2015.

Total adult population : 4,155
Prevalence of diabetes in adults : 9.9
Total cases of diabetes in adults : 409.2

2015
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Klasifikacia (pre)diabetu

(glykémia nalacno <6,0; 6,1-6,9; > 7,0)

. Diabetes mellitus 1

- imunitne podmieneny
- idiopaticky

. Diabetes mellitus 2
. Iny Specificky diabetes
. Gestacny diabetes

Zvysena (hranicna) glykémia nalacno (IFG)
Porucha glukozovej tolerancie (IGT)



STRUKTURA DISPENZARIZOVANYCH OSOB PODLA DIAGNOZY

11%



DM typ 4

Pocas tehotenstva; 4 %
24. - 30. tyzden

V 30 - 50 % prechod do DM 2 v najblizsich
10 rokoch




DM typ 2

Rezistencia na inzulin

Znizena stimulacia syntézy glykogénu inzulinom
Poruseny inzulinom stimulovany transport glukdzy

8 % u seniorov >65 rokov
213 000 000 v roku 2010
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Vplyv starnticej populacie

Seniori operovani 4x Castejsie

V roku 2020: + 25 % operacii, + 50 % seniorov
Mortalita na kardialne ochorenia sa v celkovej
populacii znizuje

Prevalencia ICHS, zlyhavania srdca a KV
rizikovych faktorov, zvlast’ diabetu, sa zvysSuje.



2. Fyziologia kontroly glykémie

V Uzkom rozmedzi

Zdravy: nahodna <5,6; nalacno <6; po 2 hod zataze <7,8
Regulacia glykémie:

1. cez motilitu (inkretiny)

2. jemna hormonalna regulacia tvorby glukdzy v peceni
a jej vstupu do buniek (svaly, tuk)

Inzulin: N1 uskladnenie U tvorba
GLUT-4: hlavny transportér glukozy pod vplyvom inzulinu
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Pred objavenim inzulinu

Diabetes . . . rozpusta svaly a
Koncatiny do mocul.

Ochorenie je chronicke, ale pri

lnom obraze je zivot kratky,

ebo rozpad je rychly.

NestiSitel'ny smad, stale len piju a
curaju.

Aretaeus A.D. 81-136




Objavenie inzulinu
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Inzulin, o 3 mesiace ....




Sir Frederick Grant Banting
14.11. Diabetes Day 1891 - 1941

1921 University of Toronto.

Dr. Frederick Banting,
Charles Best (Student)
Dr. J. J. R. Macleod

1923 Nobelova cena




GLUT4— Insulin molecule —
Insulin receptor
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Type 1 Diabetes: Insufficient Insulin

. Diminished ) Glucose &
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Type 2 Diabetes: Insulin Resistance

< \_ Glucose

Alnsulin

Glucose Counter-regulatory
Hormones: Effect on Fat and
Muscle Cells
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bazal

Fyziologicka krivka inzulinu béhem 24 hodin

Hladina krevniho cukru

Hladina inzulinu
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Exogénny inzulin - problémy

LieCba nezodpoveda prirodzenej regulacii

Neposobi vo:
- vena portae
- parakrinne medzi beta/alfa bunkami

Vysoky pomer glukagon : inzulin v porte
Vysoka periférna inzulinémia
Postprandialna hyperglykémia




Hormony

Inzulin (beta) Motilita zalidka
Glukagon (aIfV Intestinalna absorpcia
Amylin (beta) Glykogenolyza

GLP-1 (L bunky) Glukoneogeneza

GIP (L-bunky) Vstup do perifer. bb.
Adrenalin svaly, tuk; tvorba
Kortizo tuku, AK

Rastovy hormon



Organy

Pankreas:
- alfa bunky
- beta bunky

Crevo: L-bunky (ileum, colon)
PecCen (G-6-P): glykogén, ketolatky
Oblicky

Sval, tuk

Hypofyza, nadoblicka



Inkretiny

Islet neogenesis

Gastrin | -

Increased lipolysis
Increased fatty acid synthesis
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Adipocytes
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Decreased
gastric emptying

Increased nausea

Pancreas

Pancreas

« cell

B cell

Increased satiety Decreased Increased

Decreased food intake  glucagon
Decreased body weight  secretion

glucose
sensing

Increased insulin secretion
Increased insulin biosynthesis
Increased B cell proliferation
Increased B cell survival



Glucose Flux (g/min)

Postprandial glucose flux in nondiabetic controls.

0.6 l Mixed Meal (with ~85 g Dextrose)

0.4

0.2
Meal Derived Glucose Regulated by: amylin, CCK, GLP-1, etc.

Balance of insulin and glucagon action

Insulin-mediated glucose uptake

Total Glucose Uptake

-0.2

-0.4 -

-0.6 7 T T T 1
-30 0 120 240 360 480

Time From Start of Mixed Meal (min)

Stephen L. Aronoff et al. Diabetes Spectr 2004;17:183-190
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Postprandial
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Glucose homeostasis: roles of insulin and glucagon. 1A.

1A. Fasting State (non-diabetic)

1C. Fasting State (diabetic)

CEE TR 3

Stephen L. Aronoff et al. Diabetes Spectr 2004;17:183-190

A

American
Diabetes
. Association.



Inkretiny

GLP-1: glucagon-like peptide (inaktivacia cez DPP-4)
GIP: glucose-dependent insulinotropic peptide

Inkretinovy efekt: po p.o. vz. i.v. glukoze — lepsi vzostup
inzulinu

Spomalenie vyprazdnovania zaludka, motilita Creva (n. X)
Znizenie prijmu stravy, hmotnosti

Stimulacia inzulinu

Potlacenie postprandialneho glukagénu

Podpora funkcie beta buniek

Pri DM chybaju



Inkretiny, amylin

GLP-1: glucagon-like peptide 1 (metab. dipeptidylpeptidaza 4)
GIP: glucose-dependent insulinotropic peptide
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53’ '.' R
Pancreatic islets ‘

Stimulates glycogenolysis (liver)

Decreases carbohydrate utilization

Stimulates mobilization and
catabolism of fats

Stimulates
(liver and muscle)

Stimulates protein mobilization
and gluconeogenesis



The Effect of Amylin

Beta cell Alpha cell
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Glucose Counter-regulatory Hormones:
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Obrazok 1. Inzulinova rezistencia a dysfunkcia B buniek - hlavné pri¢iny vzniku diabetes mellitus 2. typu.

Genetika, obezita,
zapadny sposob Zivota

Inzulinova [)’ Dysfunkcia
rezistecia " b B buniek

Diabetes mellitus 2. typu



Kontrola glykéemie v strese
INSULIN

HYPERGLYCAEMIA

N

CATECHOLAMINEST GLUCAGON T CORTISOL T GROWTH HORMONE T

COUNTER REGULATORY HORMONES




Surgical

Stress
Pancreas 1 Adipose tissue
e Hormonal i
— Y 1 / ) A
{Jv__j 2 counter-regulation response o
\ Catecholamines, glucagon,
cortisol, growth hormone
Reduced insulin Increased
production l lipolysis
Free fatty acids “
insulin-stimulated > <«—— Free fatty acid
glucose uptake Amino acids production

Gluconeogenesis
’ - Gycogenolysis

Skeletal muscle

Glucose output

Hyperglycemia —

Relative insulin resistance Increased glucose
‘ production
Mitochondrial Endothelial Immune Superoxide

injury dysfunction dysregulation generation



3. Komplikacie diabetu

1. Makroangiopatia

2. Mikroangiopatia

3. Autondmna neuropatia

4. Abnormality kolagenu (spojovacie tkanivo)

Mec

nanizmus:
porucha glykozylacie bielkovin pre chronicku

nyperglykémiu (advanced glycation end products; ADEs)

- abnormalny kolagén v - kozi

- malych cievach (nervov)
- pl'dcach
- zhyboch



Makroangiopatia

Artérioskleroza
ICHS: +4x; ticha ischémia; CHF +4x
NCMP: 1,9 - 3,6 X

Postihnutie periférnych ciev (PAD)
Hypertenzia

Dyslipidémia
Hypercholesterolémia




Mikroangiopatia

Nefropatia DM1: 30 - 40 %
DM2: 15-30 %
Renalna insuficiencia:
- rizikovy faktor pre KV prihodu
- riziko pooperacneho zlyhania
Retinopatia: ziadne dosledky

Neuropatia: 7,5 % = 50 % po >20 rokoch;
Riziko

a) autondmnej neuropatie

b) nahlej smrti

c) dekubity

Gastroparéza: riziko regurgitacie, aspiracie



Neskoré komplikacie diabetu
1. Indikacia pre operaciu

2. Rizikovy faktor pre operaciu — M/M



Kardiovaskularny system I

ICHS (CAD): vysoke riziko pre vznik koronarnej
ischémie

Kardialna autonomna neuropatia (CAN) = ticha
ischémia

- oslabena odpoved'/adaptacia srdca na stres
EKG — malo senzitivne

Zat'azove EKG: 15 - 60 % abnormalnych
vysledkov u pacientov bez priznakov



Kardiovaskularny systéem I1I

Artériova hypertenzia
29 - 54 % utypu 1 a2

a) esencialna hypertenzia

b) strata elasticity, systolicka hypertenzia
c) glomeruloskleroza, nefropatia

V liecbe: - alfa-blokatory
- kalciové blokatory
- ACE inhibitory



Kardiovaskularny system III

Diabeticka kardiomyopatia

(ziadna hypertenzia, ICHS)
Zvycajne ticha
Diastolicka dysfunkcia (U compliance 'K)

Systolic Heart Failure Diastolic Heart Failure

Less blood
fills the

Stiff heart muscle
can’t relax normally



Srdcova autonomna neuropatia I

20 - 40 % diabetikov s hypertenziou

Mechanizmus:

Degeneracia aff/eff vlakien sympat/parasympat
nervov v srdci a periférnych artériach

Nasledky:

- ticha ischémia myokardu a infarkt

- narusena odpoved’ KV systému na stres

Uvod do anestézie: nie THR/TK, ale
U co, U TK
Hemodynamicka nestabilita



Srdcova autonomna neuropatia II

Spol'ahlivée znamky CAN:
- tachykardia v pokoji
- ortostaticka hypotenzia
- netolerancia namahy

Stanovenie: batéria testov

- parasympatikovy systém: respiratna dysrytmia,
Valsalvov manéver

- sympatikov;'/ systém: ortostaticka hypotenzia



Valsalva manéver

Antonio Maria Valsalva (1666-1723)

Mean
Aortic
Pressure

Hear
Rate

Time



Neurologickeé riziko - diabeticka
neuropatia

1. Periférne senzorické a motorické nervy
(mono/polyneuritis)
- polohové poskodenia (riziko kompresie nervu)
- interakcie s regionalnou anesteziou

2. Autondmna neuropatia
- gastroparéza (hladovanie, aspiracia, PONV)
- ticha aspiracia
- mocovy mechur — riziko pri katetrizacii



Zvyseneé riziko hypotermie

Figure 8: Effect of diabetic neuropathy — core temperature
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Renalne riziko

Mikroalbuminuria: zavaznost’' DM 2
Glomeruloskleroza

Urosepsa (mechur, stav imunity)
Chronickeé zlyhanie obliCiek

Postoperacné rizika
- akutne zlyhanie obliciek: 7 %
- mocova infekcia



Obtiazna intubacia

Abnormalny cross-linking kolagénu

Juvenilny diabetes: ,stiff joint syndrome, SJS"

(Salzarulo, 1986)
- fixacia atlanto-occipitalneho zhybu
obmedzeny zaklon hlavy

Obtiazna intubacia: 10x CastejSie
Incidencia 33 % u typu 1



Imunologické a infekcéné riziko

Zvysena citlivost’ na infekciu -~ 8} -
(Scherpereel 1990) ‘ ;;_;.\'__\'_ | “;:;
Imunosupresia e
Multifaktoridlny mechanizmus: W
- chemotaxia, funkcia leukocytov S

Zvysena incidencia pooperacnych infekcii
Mechanizmus: hyperglykémia =

U fagocytdza, chemotaxia, intraceluldrna lyza,
atd’.



Respiracne riziko

Strata elastickych vlastnosti pl'uc
Pokles: VT

FEV1
Porucha difuzie CO

Znizena reaktivita na:
kasel
hypoxia a hypekarbia




Kolisanie glykémie

Hyperglykémia Hypoglykémia

Inhibicia imunitného systému Porucha autondmnej regulacie
Zvysena incidencia infekcie operacnej rany Zmena krvného prietoku

Porucha hojenia ran Aktivécia bielych krviniek
Vyskyt perioperacného infarktu myokardu Va;olfgnastrikcyila

Zhorseny neurologicky vysledok . , L,
Dlhsie trvanie umelej ventilacie Uvolnenie cytokinov a mediatorov.
Zvysené riziko perioperacného imrtia Predizenie QT intervalu, fatalne arytmie

Zvysena mortalita




___ impaired chemotaxis and
phagocytosis

T expression of adhesion
molecules

| complement function
| insulin secretion &

T insulin resistance — | vasodilation

Anesthesia / | impaired nitric oxide
\ generation

Metabolic Stress — —» Tcounterregulatory . | Perioperative
hormones Hyperglycemia

Critical lliness _ f Inflamrr_laftmn, ,
T gluconeogenesis & Vulnerability to Infection,
| glucose utilization Multi-Organ System
Dysfunction

Fig. 1. Pathophysiology of hyperglycemia. Anesthesia, metabolic stress, and critical illness lead to metabolic derangements, resulting
in hyperglycemia. Hyperglycemia is associated with increased inflaimmation, susceptibility to infection, and organ dysfunction.



4. Diabeticky pacient a operacia

Vykol'ajenie pacienta (hladovanie, lieCebny rezim)
Postupy perioperacnej mediciny
Predoperacné vysetrenie: najdolezitejsi krok
v manazmente pacienta s DM
Systematickée vyhl'adavanie patologickych stavov spojenych
s DM:;
Casto klinicky nemé
Casto podcenované, zanedbavané
- pacignt
- system

Uloha rodinného lekara, diabetoldga



Ciele

Znizenie morbidity a mortality

Prevencia hyper- a hypoglykémie
- glykémia 6 - 8 - 10 mmol/I

Prevencia ketoacidozy (inzulin)

Vnutorné prostredie - elektrolyty, voda
Prevencia komplikacii (KVS, oblicky...)
Multimodalna analgézia, prevencia PONV
Bezpecne!



Perioperacny manazment - faktory

. Typ diabetu (1 vz. 2)

2. Typ liecby (PAD, inzulin, kombinacia...)

. Trvanie, stabilita diabetu (zaznamnik, mobilna
aplikacia; rodinny lekar/Specialista)
- HbA;c (norma < 7 - 8 %)

. Pritomnost’ (typickych) komorbidit
. Typ operacie (vel'ka/mala)



NHS




Hospital Theatre
and recovery Discharge

Surgical
outpatients admission

post-operative

Pre-operative
care

Primary care
referral assessment




Typ diabetu

Typ 1 alebo typ 2

Typ 1 u starsich osdb

Typ 2 s inzulinom

Riziko DKA pri vynechani inzulinu



Typ liecby

Inzulin vz. peroralne latky

Diabetes 2: »rozne peroralne lieky, kombinacie
>+ inzulin

Diabetes 1: »1-2 davky s.c. bazalny +
prandialny inzulin
» kombinovany inzulin

Pumpa, umely pankreas



Pritomnost’ komplikacii

Hypertenzia

ICHS, kardiomyopatia, PAD
Stav po NMCP

Nefropatia

Autondmna neuropatia
- srdce

- perif. nervy

- zaludok

Kolagén - intubacia
Imunosupresia



EJA Eur J Anaesthesiol 2014; 31:517-573

2014 ESC/ESA Guidelines on non-cardiac surgery:
cardiovascular assessment and management

The Joint Task Force on non-cardiac surgery: cardiovascular
assessment and management of the European Society of
Cardiology (ESC) and the European Society of
Anaesthesiology (ESA)

Authors/Task Force Members: Steen Dalby Kristensen (Chairperson) ( EJA

(Chairperson) (Finland), Antti Saraste (Finland), Stefan Anker (Germ; Andesthesiology
(Denmark), Stefan De Hert (Belgium), lan Ford (UK), Jose Ramon Go
Bulent Gorenek (Turkey), Guy Robert Heyndrickx (Belgium), Andreas Hoe
(Austria), Bernard lung (France), Keld Per Kjeldsen (Denmark), Dan Long
Luescher (Switzerland), Luc Pierard (Belgium), Stuart Pocock (UK), Sus
Roffi (Switzerland), Per Anton Sirmes (Norway), Miguel Sousa Uva (P

(Greece) and Christian Funck-Brentano (France).




Klinicke rizikove faktory

1. Angina pectoris

2. Prekonany IM

3. Srdcoveé zlyhavanie

4. CMP/TIA

5. Porucha funkcie obliciek (kreatinin >177um/1)
6. Diabetes mellitus s inzulinom



Recommendations on routine preoperative ECG

of age, and are scheduled for
intermediate-risk surgery.

Routine Preoperative ECG is not
recommended for patients who
have no risk factors and are
scheduled for low-risk surgery.

Recommendations Class? | Level® | Ref.c
Preoperative ECG is
recommended for patients who
have risk factor(s)Y and are | 57
scheduled for intermediate- or
high-risk surgery.
Table ;13 Clinical risk factors according to the revised cardiac risk
Preoperative ECG may be index
considered for patients who have
. "b * |schaemic heart disease (angina pectoris and/or previous myocardial
risk factor(s) and are scheduled infarction®)
for low-risk surgery. « Heart failure
PrEﬂl}erati"I’E ECG may be = Stroke or transient ischaemic attack
considered for paﬁentﬁ who have * Renal dysfunction (serum creatinine >170 umol/L or 2 mg/dL or a
no riSk 1HC1GrS are abﬂve 65 years "b creatinine clearance of <60 mL/min/1.73 m?)
H

* Diabetes mellitus requiring insulin therapy
I~

R

71

ECG, electrocardiography. “Class of recommendation. °Level of evidence.
“Reference(s) supporting recommendations. “Clinical risk factors in Table 4.
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Tabulka 4 Odhad chirurgického rizika (upravené podla Boersmu a spol. (6)

Nizke riziko < 1% Stredné riziko 1 -5 %

Vysoke riziko > 5%

Ortopedické operacle — malé (operacie bedrového kibu a chrbtice)
{chirurgia kolena) « Transplanticie plitc, oblicick, pedene
« Urologické operacie — male « Urologické operdcie - velkeé

« Operacie prsnika « Abdomindlne opericie

« Stomatologicke zdkroky « Opericie karotid

« Operdcie endokrinnych organov « Periférna arteridlna angioplastika

o O¢né operacie « Endovaskulirna reparicia aneuryzmy

« Gynekologické operacie « Opericie hlavy a krku

« Rekondtrukéné opericie « Neurologické/ortopedicke operacie - velkeé

« Operacie aorty a velké vaskulirne opericie
« Vaskularne operdcie periférnych artérid

Clinical predictors

*Riziko IM a kardidineho amrtia do 30 dni po opericii

v '
Functicnal capadity Podf (= d METs) Moderate of excelent (= 4 MET)

sk prooedfune risk procedur e

R, '

T
Lowy suegecal risk
o edune

Moninvasive testing

Honrvaine besimg —— Lowy sk ——% Diperaling room -

: :

High risk Posioperative risk
dlratileation and risk
{actor reduction

High surgicad Intermedate surgical
! Sep & (

Consider corpnary angicegraphy

Subseguent canrch dictated by
'!II"!'JII"gi- and Treatiment nesulls




Revised cardiac risk index (RCRI)

(Lee index)

(Goldmanov index)
Predikcia pre: IM, KF, NZO, edém pl'uc, blok III

6 faktorov (pozri Klinické rizikové faktory).
- vysoko rizikova operacia

1. Angina pectoris

Ana mneza 2. Prekonany IM
3. Srdcove zlyhavanie
- ICHS 4. CMP/TIA
. 5. Porucha funkcie obliciek
- zlyhanie srdca (kreatinin >177 um/l)
NCM P 6. Diabetes mellitus s inzulinom

- inzulin
- kreatinin > 170 pmol/I

(htep://www.mdcalc.com/revised-cardiac-risk-index-for-
pre-operative-risk/). A recent systematic review of 24



RCRI — riziko pre IM, KF, NZO, edém
pl'uc, blok III

Pocet prediktorov Riziko (%)

0 0,4
1 1,0
2 2,4
>3 > 11 %

ZmieSané nekardialne operacie
Nie predikcia mortality
Nie pre periférne cievne operacie



Recommendations on blood glucose

control

Recommendations

Class®

Postoperative prevention of
hyperglycaemia [targeting levels at
least <10.0 mmol/L (180 mg/dL)]

by intravenous insulin therapy is
recommended in adults after high-
risk surgery that requires
admission to the intensive care
unit.

In patients at high surgical risk,
clinicians should consider
screening for elevated HbA1c
before major surgery and
improving preoperative glucose
control.

Level®

Ref.©

240,
241

Intraoperative prevention of
hyperglycaemia with insulin may be
considered.

I1b

Postoperative targets <6.1
mmol/L (110 mg/dL) are not
recommended.

HbA,., glycosylated haemoglobin. *Class of recommendation. “Level of evi-

dence. “Reference(s) supporting recommen

dations.

240,
241

Prevalencia

2010: 6,4 %

2030: 7,7 %

Typ 2: 90 %

Identifikovat’ prediabetes?
Ciel: 6,8 — 10 mmol/I.
Vyhnut' sa kolisaniu,
hyper a hypoglykémii



Typ operacie

Mala/jednodnova
Stredna
Vel'ka

Tabulka 4 Odhad chirurgického rizika (upravené podla Boersmu a spol. (6)

Nizke riziko < 1% Stredné riziko 1 - 5% Vysoké riziko > 5%

Opericie prsnika Abdominalne opericie

Stomatologické zdkroky Orperdcie karotid

Opericie endokrinnych orginov Periférna arteridlna angioplastika

Oé&né opericie Endovaskulirna reparicia aneuryzmy
Gynekologické opericie Opericie hlavy a krku

Rekondtrukéné opericie Neurologické/ortopedické opericie — velké
Ortopedické opericie — malé (opericie bedrového klbu a chrbtice)
{chirurgia kolena) Transplanticie plic, obli¢iek, pecene
Urologické operdcie - malé Urologické opericie - velké

« Opericie aorty a velké vaskulirne opericie
« Vaskulirne opericie periférnych artérii

*Riziko IM a kardiilneho amrtia do 30 dni po operdcii




Anestézia pre diabetika

Inhibicia metabolickej a endokrinnej stresovej
odpovede na operaciu

Hemodynamicka stabilita

regionalna anestézia
- neuraxialna
- periférne bloky

celkova anestézia

Co najskér navrat k vychodziemu reZimu
(jedlo + inzulin/antidiabetika)

Vzdy chirurgicky protokol (Ceklist)



Predoperacneé vysetrenie - vcas

Funkcie organov (srdce, oblicky...)
Glykémia

HbA1C — odporuca sa
Elektrolyty

Urea, kreatinin

EKG — odporuca sa
RTG hrudnika?

Poucenie o zdravom zivotnom Style
- pohyb, schudnut’, nefajcit,, stravovanie




Odlozenie elektivnej operacie

HbA1. > 8 % (zle kontrolovany diabetes)

Glykémia > 15 mmol/I
- manazovat’

Diabeticka ketoacidoza (vynechanie inzulinu)

- vysoka mortalita

Vzian HeAlc s PRIEMERNET GLYKEMIE (PODEA CGMS A 7 BODOVEHO GLYKEMICKEHO FROFILU)

priemerni glykémia

HbAlc % priemerna glykémia

(DCCT) (mmol/1) 95% C1
5 5.4 42-6.7
6 1.0 5.5-85
7 8.6 6,8-103
8 10,2 8.1-121
0 11,8 04-139
10 134 10,7 -15.7
11 149 12,0-175
12 16,5 133-193




Celkova anesteézia

Anestetika a diabetes
Benzodiazepiny: 4 glykémie
Opioidy: ziadny priamy ucinok, blokada stresu
Propofol: ?
Inhalacné anestetika: 4 uvol'nenia inzulinu

Vol'ba anestézie: podla patologie organov



Neuraxialna anestezia

Prinosy:

- drezistencie na inzulin

- prevencia hyperglykémie (>T8 - 10)
- 1 spotreby kyslika

- 1 katabolizmu bielkovin pooperacne
Rizika:

- epiduralny absces

- neurologické poskodenie

- hypotenzia

Ziadne $tudie o M/M u diabetickych pacientov



5. Perioperacna kontrola glykémie

Diabetes typ 1 vz. typ 2

Kontrola diabetu

Vel'ka/dlha vz. mala/kratka operacia
Elektivna vz. neodkladna/urgentna operacia
Predpoludnajsi / popoludnajsi program

Ciel'ové hodnoty: 6 - 8 - 10 mmol/l

Bez kolisania

Frekvencia monitorovania: 0,5 - 1 - 2 hod
Zabranit' deficitu inzulinu



Kontrola glykéemie

Tesna vz. vol'na kontrola

Tesna kontrola - narocna na personal a cas,
riziko hypoglykémie:

Glykémiu kontrolovat’ u kazdého pacienta

s intoleranciou glukozy.

Komplikacie ,permisivnej hyperglykémie" su
nezavislé od stavu diabetu



Ciel'ova glykémia - dilemy

1. Permisivna hyperglykémia
- hyperglykémia je dobre tolerovana
- nizSie riziko nebezpecnej hypoglykemie
2. Hyperglykémia (aj kratko trvajuca) nemoze byt’
tolerovana
Ucinky: 1 kyslikovych radikalov, hyperkoagulacia,
vazokonstrikcia, riziko IM, NMCP, zapal, infekcia
rany

V sucasnosti: prevencia kolisania glykémie!



Intraoperacna glykémia

Vzostup anti-inzulinovych hormonov
- adrenalin

- kortizol

- rastovy hormon

- glukagon
Rezistencia na inzulin: typ/trvanie operacie
Pokles rezorpcie s.c. inzulinu

Variacie glykémie!



Kontrola glykéemie

V sucasnosti je mozna pomerne tesna kontrola
glykémie, vd'aka pokrokom:
1. nové inzuliny

2. davkovace
3. point of care presné monitorovanie glykémie




Nahrada inzulinu

1. Bazalny: pokryt bazalnu trvalt produkciu glukozy
v peceni
2. Prandialny: pokryt’ nutricné potreby (po jedle)

3. Pridavny: (korekcny): glykémia nad hornou
hranicou (~ 10 mmol/l)

Kombinované inzuliny

Cave: omyly!



Dostupné rychle inzuliny

1. Regular insulin (rekomb. ludsky)
Humulin R
Insuman Rapid

2. Analdgy l'udského inzulinu

Faktory vol'by: zivotny styl, pocet jedal (3/5), kinetika
zaludka, variabilita glykémie, obezita ....



2. Analogy

Humalog Elli Lilly Lispro insulin
Novolog Novo Nordisk Aspart insulin
Apidra Sanofi Aventis Glulizine

Normalny metabolicky ucinok

Rychla s.c. absorpcia
- rychly nastup
- vyssie, ostré vrcholy

\'@ 4 7 \/a

- kratsi ucinok
Cena

Sisun for injection
o d

S AT

o



3. Bazalne inzuliny

=
1. l'udsky, rekombinovany 2

fb  NoogsS
NPH inzulin - Humulin N, L, Novolin &N
r = L

*Is9phana Suspension

Hecombinant

ONA origin) g
4

Zn krystalicky inzulin - Humulin U <

2. Analogy, dlhé trvanie
Glargin - Lantus

ve

e st e
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y 2 0w
- - @ SSSSSS ’c‘”\-ﬂ' Nuw”“:""
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Degludec - extra dlhy e
R - s
Faktory vol'by: variabilita, nocna hypoglykémia,
ranna/nalacno hyperglykémia
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Bazalny inzulin

/N

NPH inzulin ve 22 hod. (= bed-time)

NPH inzulin réno a bed-time

..-Illll.--..l.‘ EEEEENNEDR
*

» +*

> *

™ ) ]

Dlouho pasobici inzulinovy analog bed-time



Kombinovany inzulin

I NN

NPH inzulin ve 22 hod. (= bed-time)

3x k jidlu bifazicky inzulinovy analog
Humaloa mix 50/50

N

Smésny inzulin kratce plsobici humanni/NPH 2x
denné nebo bifazicky inzulinovy analog 2x denné



Kombinacie inzulinu
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3x k jidlu kratce pUsobici humanni inzulin,

3x k jidlu kratce pasobici inzulinovy analog
bed-time NPH inzulin

5 & & A
-: -:. . : e '0‘
b o = p - .
3x k jidlu kratce paisobici humanni inzulin, 3x k jidlu kratce plsobidi inzulinovy analog,

NPH 2x denné — rano + bed-time bed-time dlouze plsobici inzulinovy analog



Tabufka 3. Prehfad pripravkov Inzulinu.

Zaclatok Doznlevanle  Graflcka ¢asova pred-

Typ Inzulinu GiEInku Vrchol uéinku déInku stava Gélnku Poznamka
Bazalne Inzuliny casovy priebeh uéinku
024681012 14 16 18 20 22 24 hodin
Klaslcké Inzuliny:
— inzulin NPH (Insulatard, Humulin-N, Insu- 2-4h 4,0-10,0 h 10-16 h /\ chyba rovnomernost Géinku, preja-
man basal) vuje minima a maximéa
- Zn-kryétalizovany inzulin s predizenym 4-6h tazko odhadnutelny 18-24h m vysoka variabilita absorpcie
Géinkom (Witratard, Humulin-U) (10 — 16 h) a uéinku
Bazalne analogy
— inzulin glargin (Lantus) 10-20h bezvrcholovy 16 - 24 vyrovnany bezvrcholovy uéinok,
(podla davky) P nizka variabilita absorpcie a Géinku
— inzulin detemir (Levemir) 08-20h bezvrcholovy 16 - 24
(podla davky)
Prandidine Inzuliny casovy priebeh uginku

024681012 14 16 18 20 22 24 hodin

Klaslcké Inzuliny:

— inzulin regular (Actrapid, Humulin-R, 05-1h 2-3h 5-8h uéinok nastupuje oneskorene, je
Insuman rapid) plocheji a predlZzeny

Prandldlne analogy:

- lispro (Humalog) 5 — 15 min. 05-15h 4-5h farmakokinetika a farmakodynamika
~ aspart (Novorapid) 5 — 15 min 05-15h 4-5h {\ lepsie napodobuje fyziologicky

— glulizin (Apidra) 5 — 15 min. 05-15h 4-5h feinok

Inhalaéné prandlaine Inzuliny kinetika obdobna ako pri prandidlnych analégoch

Blfazické pripravky Inzulinu ¢asovy priebeh uginku

024681012 14 16 18 20 22 24 hodin

Klaslcké blfazické pripravky:

— regular + NPH (Mixtard 30HM, Humulin M3) 05-1 dvojity 2-4h 10- 14 nedostatky, kioré boli uvedené pri
inzuline NPH a regularnom inzuline

Blfazické analdgy:

— bifazicky aspart (Novomix) 5-15min. dvojity 0,5-1,5h 10- 14 h mixovaneé analdgy moZno podla
10— 14 h potreby podaf aj trikrat denne,

a tak sa da dosiahnuf velmi dobré
- lispro (Humalog mix 25, Humalog mix 50) 5-15min. dvojity 0,5-1,5h 10-12h glykemicka kontrola

— lispro + neutral protamin 5-15min. dvojity 0,5-1,5h



Tabufka 3. Prehfad pripravkov Inzulinu.

Typ Inzulinu zzgl'::z"
Bazalne Inzuliny
Klaslcké Inzuliny:
— inzulin NPH (Insulatard, Humulin-N, Insu- 2-4h
man basal)
- Zn-kryétalizovany inzulin s predizenym 4-6h
Géinkom (Witratard, Humulin-U)
Bazalne analogy
— inzulin glargin (Lantus) 10-20h

— inzulin detemir
Prandldlne Inzu
Klaslcké Inzulin

— inzulin regular
Insuman rapid)

N

Vrchol Gélnku

40-10,0h

tazko odhadnutelny
(10 - 16 h)

bezvrcholovy

Prandldlne anal

Doznlevanle

uéinku

stava uél

Graficka ¢asova pred-

Poznamka
nku

casovy priebeh uéinku
024681012 14 16 18 20 22 24 hodin

10-16h chyba rovnomernost Géinku, preja-
/\ vuje minima a maxima
18-24h vysokd variabilita absorpcie
~7 T~ aucinku
16 - 24 vyrovnany bezvrcholovy uéinok,
(podla davky) ] nizka variabilita absorpcie a Géinku
-_-H"N...,
16 - 24
wdla davky)
casovy priepeh uginku

- lispro (Humalo
— aspart (Novora
— glulizin (Apidra)
Inhalaéné prandlaine Inzuliny
Blfazické pripravky Inzulinu

Klaslcké blfazické pripravky:

— regular + NPH (Mixtard 30HM, Humulin M3) 05-1
Blfazické analdgy:

— bifazicky aspart (Novomix) 5 — 15 min.
— lispro + neutral protamin 5 - 15 min.
— lispro (Humalog mix 25, Humalog mix 50) 5 — 15 min.

Smeésny inzulin kratce pasobici humanni/NPH 2x
denné nebo bifazicky inzulinovy anal
2 = 12 min.

v,2-1,0N

dvojity 2 - 4 h

dvojity 0,5 1,5 h
dvojity 0,5 1,5 h
dvojity 0,5 1,5 h

0g 2X denné

4-5h
4-5h
4-5h

kinetika obdobna ako pri prandidlnych analdgoch

10- 14

10-14h
10-14h
10-12h

024681012 141

A
\

18 20 22 24 hodin

uéinok nastupuje oneskorene, je
plocheji a predlZzeny

farmakokinetika a farmakodynamika
lepéie napodobriuje fyziologicky
uéinok

casovy priebeh Uéinku

02468101214

16 18 20 22 24 hodin

nedostatky, kioré boli uvedené pri

[~

inzuline NPH a regularnom inzuline

mixovaneé analdgy moZno podla
potreby podaf aj trikrat denne,

a tak sa da dosiahnuf velmi dobré
glykemicka kontrola
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Insulin
Preparation

Prandial Basal Onset Peak Effect Duration Continue Hold

Rapid Acting Analog

Glulisine

Short Acting
Regular v |  J30-60min f2-3hours  f3-8Bhous | |
Intermediate Acting
NPH v | J24hours | 6-10hours | 10-18 hours | Seetext | See text

Long Acting
Glargine 3-4 hours peakless

essentially 14-24 hours
peakless

v |30-90min

Figure 4: Table showing insulin characteristics & preoperative recommendations

18-24 hours

Detemir 3-4 hours




Kontrola glykéemie

Nie su studie ako podklad pre odporucania;
nazor expertov, analyza prinos/riziko
Rozne protokoly, rozne techniky:

- kratko vz. stredne dlho Ucinkujuce

- kontinualne podavanie vz. bolus

- IV. vz. SC. injekcie

Treba mat’ vlastny protokol pre pracovisko



Kontrola glykéemie

Kontinualne podavanie: rovhomerny prietok, minimalne

davky, okamzity ucinok, ale...

- komplexné a potencialne nebezpecné

- ak su dodrzané jednoduché pravidla: spolahlivé a
bezpecné

- bazal / sliding

Bolus: jednoduché, bezpecné (mala / stredna operacia,

oddelenie)

Kontinualna s.c. infuzia (pumpy)
Simultanne infuzia glukozy
Samostatné infuzie: + lepsia kontrola; - riziko dysharmonie



Inzulinové pumpy

Bazélna inflzia + prandidlna davka L
Mala operécia - ponechat’
Vel'ka operacia - prejst’ na i.v.
Spotrebny material

Ovladanie — pacient, anestézia (Iekar?)
Checklist




Meranie Meranie
glykemie glykémie
Arteria 1. Point of care
Vena 2. ABR analyzator
PIna krv 2' kab‘t’.rat‘?lr i Meranie
s . Konuinuaine SR
Sérum/plazma glykemie
Kalibracia?
Podavanie inzulinu Podavanie inzulinu
S.C. Striekacka
Perif/centralne Pumpa, iné

Ciel'ova hodnota glykémie/rozsah; < 6 — 8 — 10 mmol/l

Algoritmus Casovanie merania glykémie: fixné/variabilné; hypoG

Privod glukdzy Algoritmus: 1. expert based; 2. podpora
Enter/parent rozhodovania; 3. uzavreta slucka
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Peroralne a i.v. noninzulin latky -
mechanizmy ucinku

Regulacia glykémie: zaludok, crevo - motilita
U¢inok na pecef, tuk, svaly

Senzitizacia na inzulin

Sekrécia inzulinu, glukagénu

Vplyv na oblicky (glykozuria)



Peroralne antidiabetika 1

1 Inzulinové senzitizatory
1.1 Biguanidy (Metformin)
1.2 Glitazony (2. generacia) (Pioglitazon)
2 Inzulinove sekretagoga (riziko hypoglykémie)
2.1 Derivaty sulfonylurey (3. gen) (Tolbutamin, chlorpropamid)
2.2 Glinidy (Repaglinid)
3 Inhibitory Crevnych glukozidaz (akarbéza)

4 Inhibitory vstrebavania Glu v oblickach
4.1. Glifloziny (Dapagliflozin)



Peroralne antidiabetika 2

5. Inkretiny
& inzulin pri hyperglykémii
5.1 GLP-1 (glucagon-like peptide 1) (Exenatid, s.c.)

5.2 Inhibitory dipeptidylpeptidzy 4 (DPP 4) (Linagliptin)
ft zvysuju inkretiny (GLP-1 like efect)

7. Amylinové analdgy (Pramlintid)
- zaludok, glukagdn

8. Sodium-glucose co-transporte 2 inhibitors
- prepad glukozy v oblickach

9. Blokatory endokanaboidnych receptorov
(Rimonabant)
- potlacaju pocit hladu, motivaciu k jedlu



apbach zavedenie do oéakavané

ATC skupina ikdicle medicinske| Zniienie vyhody nevyhody
apl praxe HbA1e (%)
inzulin paranierdine 1921 =245 beaz limitu hypogly kemia,
davky, cena, vzostup hmot-
inhalaény inhalaéne 2006 15 ov plyvnania nosti
inzulin % lipidov
spisob apli- riziko phicnych
kdcie komplikacii
derivaty perordine 1945 1,5 cena hypogly kemia,
sulfonylurey vzostup hmot-
mosti
biguanidy perordlne 1957 1,5 pokles hmot- Gl Nﬂ,
nosti, cena laktatova
metforming 1957 aciddza
inhibitory peroralne 19495 0,5-08 neutrdlne Gl NU uéinky,
o-glukozidazy k hmotnosti cena, davkova-
nie 3x denne
tiazolidindiény peroralne 08-1,0 zZlepsenie lipi- vzostup
(glitazdny) 19497 dového profilu hmotnosti,
peroralne 1884 edemy,
troglitazén* perordlne 1999 anemia, IM?,
roziglitazon peroralne KV mortalita?,
ploglitazén cena
glinidy peroralne 1847 1,0-1,5 kratkost trvania  ddvkovanie 3x
denns, cena
GLP-1 analogy parznierdine 2005 0,6 pokles hmot- nauzea,
exanatide nosti Zvracanie
amylinové parenieraine 2005 0,6 potlaéenie GINDO _ S
r Vysvetliviy: + prerusenie distribucie registrovangho ieku a prerusenie klinickych studil vywijanych Fekov
analogy QIUKBGONU,  roky 2007 + metformin bol dostupny v USA od roku 1995 po suhlasnom stanovisku FDA, * rogiitazon
spﬂmﬂle nig sa v inicke praxi pouival v rokoch 1987 — 2000, bol stiahnuty pre hepatotoxicitu; HbA1c — glykovany
razdi hemoglobin; GI NU - gastroinfestindine neZiadice udinky; IM — infarkt myokardu; KV - kardiovaskuldrne;
VYRrazonoVan rps s Fooq and Drug Administration; GLP - glucagon-like peptid: DPP-IV - dipeptidyl-peptidase IV
Zalidka
DPP-1V Inhi- perordlne 2006 0,5-09 jednoduchosf limitovane
bitory podavania, bez ovplyvnenie

titracie davky HbA1C



Manazment peroralnych latok
pred a po operacii

Vynechat' verzus ponechat’

V den operacie/den pred operaciou
Faktory vol'by

- hyperglykémia pri vynechani

- riziko hypoglykémie pri ponechani
- vplyv na zaludok, Crevo

- vedl'ajsie ucinky




Table 2. Oral Medication Use the Day Before and Day of Surgery

Day of Surgery if Normal Oral Intake

Day of Surgery if Reduced Postoperative

Oral Medication for Day Before Anticipated Same Day and Minimally Oral Intake or Extensive Surgery, Anticipated
Elective Surgery Surgery Invasive Surgery HD Changes and/or Fluid Shifts
Secretagogues Take Hold Hold

SGLT-2 Inhibitors Hold Hold Hold

Thiazolidinediones Take Take Hold

Metformin Take* Take* Hold

DPP-4 Inhibitors Take Take Take

*Hold if patient having a procedure with intravenous contrast dye administration, particularly in those with glomerular filtration rate < 45 ml/min.8
DPP = dipeptidyl peptidase-4; HD = hemodynamic; SGLT = sodium glucose cotransporter-2.

According to the Society for Ambulatory Anesthesia’s
(SAMBA’s) consensus statement on blood glucose
management, no oral or noninsulin injectable antidia-
betic drugs should be taken on the day of surgery.
However, these drugs should not be discontinued the
day prior to surgery.”>* For patients who have renal
insufficiency, metformin may be discontinued 2448
hours before surgery, although some providers choose
to withhold the drug from all patients prior to general
anesthesia where renal perfusion may be compromised
by anesthetic agents. SAMBA recommends that post-
surgical oral and noninsulin injectable medication
regimens be restarted only after normal food intake is
resumed.” This may be of significance for anesthesia

(el i

Anesthesiology 2017

Anest Prog 2017



Peroralne antidiabetika

V den operacie mozno ponechat’

- biguanidy

- inkretiny

Ostatné latky v den operacie vynechat’

Glitazony aj 1 - 2 dni pred operaciou.



Table 1. Classes of Agents Regulating Glucose Levels

Class Route Mechanism of action Side effects Clinical agents
Insulin 50, IV T Glucose uptake Hypoglycemia Many preparations
GLP-1 SQ) T Insulin secretion (if Nausea Exenatide

hyperglycemia)
1+ Glucagon secretion
+ Appetite
+ Gastric emptying
Amylin SQ | Postprandial glucagon Hypoglycemia (with Pramlintide
secretion insulin)
T Satiety Nausea
+ Gastric emptying
DPP-IV inhibitor Oral + GLP-1 degradation Infection Sitagliptin
Cannabinoid receptor Oral Weight loss } Glucose Rimonabant
antagonist Multiple other effects Depression
| Appetite
Sulfonylurea Oral T Insulin secretion via Hypoglycemia Chlorpropamide
binding to specific receptor Hyponatremia Glimepiride
on B cells Drug-drug interactions Glipizide
Glyburide
Tolazamide
Tolbutamide
Meglitinide Oral T Insulin secretion by binding Hypoglycemia Repaglinide
to ATP dependent K~ Nateglinide
channels on g cells
Thiazolidinedione Oral Insulin sensitizer by binding Edema, anemia, obesity, Rosiglitazone
to FPAR vy receptor CHF, hepatotoxicity Pioglitazone
Biguanide Oral + Hepatic glucose output Lactic acidosis Metformin
Insulin sensitizer Diarrhea
Alpha-glucosidase Oral + GI glucose absorption by Malabsorption Acarbose
inhibitor inhibiting enzyme that Flatulence Miglitol
metabolizes complex Diarrhea

carbohydrates



ALGORITMUS LIECBY DIABETES MELLITUS 2. TYPU 2011

ALGORITMUS LIECBY DIABETES MELLITUS 2. TYPU 2011

Optimalizécia Zivotného Stylu (diéta, fyzicka aktivita, kontrola hmotnosti, lipidov, krvného tlaku, nefajéenie, edukacia)

4

HbA1c 6,5 - 7,5% |

metformin

alternativne modnosti pri nevhodnosti metforminu

metformin s predifenym uvolfiovanim
sulfonylurea

v

v

HbA1c 7,6 - 9,0%

HbA1c > 9,0%

1

bez symptémov

il

so symptémami

nedosiahnutie
ciefov HbAlC

—

v priebehy

sulfonylurea

inzulin®* £ metformin

pioglitazén

prandialny inzulin

metformin +

glinid

bazélny inzulin

inhibitor DPP-4

bazélny inzulin + prandiéiny inzulin

agonista GLP-1

premixovany (bifazicky) inzulin

bazalny inzulin

alternativne kombinacie pri nevhodnosti metforminy

pioglitazén

inhibitor DPP-4

inzulin

nedosiahnutie ciefov HbAlc v priebehu 3 - 6 mesiacov

pioglitazén 3- 6 mesiacov
glinid
sulfonylurea +
sulfonylurea +
pioglitazén +
nedosiahnutie ciefov HbAIC
sulfonylurea +| pioglitazén
metformin + sulfonylurea + [inhibitor DPP-4*7

sulfonylurea +

agonista GLP-1#

nedosiahnutie ciefov HbAlc v priebehu 3 -6 mesiacov

!

v

vpriebehu 3 - 6 mesiacov

bazélny inzulin

+ metformin + sulfonylurea

+ metformin  pioglitazén

premixovany (bifazicky) inzulin

+ metformin % sulfonylurea

+ metformin £+ pioglitazén

v

v

Intenzifikovana inzulinova liecba: Rezim bazél/bdlus: bazalny inzulin + najmenej 3 x denne rychlo pdsobiaci inzulin £ metformin

Inzulinova pumpa

*Kde je uvedeny inzulin, tyka sa to aj inzulinovych analégov podla aktuélne platnych indikaénych obmedzeni (10).
Fixné kombindcie lietiv: metformin + glibenklamid, metformin + pioglitazén, metformin + sitagliptin, metformin + vildagliptin.

Inhibitory DPP-4 : sitagliptin, vildagliptin, saxaglitin, linagliptin.

Agonisty GLP-1 receptorov: exenatid, liraglutid, exenatid s prediZzenym uvoliiovanim.

** vyber podla platnych I10.
it v Stadiu schvalovania




Perioperacny manazment - problemy

Prerusenie obvyklého rezimu!

Den pred: rezim PAD / inzulin / strava

Prvy v programe

Rano: hladovanie, ponechanie vz. zmena rezimu, vzdy
ale pokrytie bazalnej potreby INZ!

Kontrola glykémie: pred/po operacii; monitorovanie

a l-2hod; Glu + INZ; infUzna liecba

Diabeticka pumpa

Pooperacne: prve jedlo, prechod na povodny rezim,
analgézia, PONV .... Rezim pri prepusteni.

Denna chirurgia



DM typ 2
Mala operacia/kontrolovany diabetes

Obvyklé jedlo a liecba do dna pred operaciou

Metformin: individualne (oblicky, RTG kontrast ...)
Standardne nevynechat’

Perioperacna infuzia glukdzy miesto jedla

Ak prvé pooperacné jedlo do 10.00 hod: iba posunut’
ranajky a PAD

Pumpu ponechat’
DM na diéte (HbAlc < 6,5 %): monitorovat'a 1 h = 4-6 h
Ak hyperglykémia: inzulin s.c.



DM typ 2
Velka operacia/nekontrolovany diabetes/kombinacia PAD

- PAD den pred operaciou
- inzulin i.v. + glukdza (najneskor o 10.00 hod);
do 24 po operacii
- Casta kontrola glykémie
Navrat k PAD: pri prijme > 50 % jedla
- metformin individualne

Pooperacne zvazit' inzulin s.c.



DM typ I

VSetci pacienti s inzulinom - rovnaky pristup
Hladovanie 6 hodin, tekutiny do 2 hod
Ponechat’ bazalny inzulin

Redukovana (80 %) davka vecerného a ranného (50 %)
bazalneho inzulinu, prandialny vynechat’

Riziko ketoacidozy pri nedostatku inzulinu



DM typ I

Mala operacia / kontrolovany diabetes

Ak ukoncenie do 10:00; jedlo + obvykly INZ
Podat’ G + INZ, monitorovat’ glykémiu a 1 hod
Ak glykémia > 10 mmol/l: G + INZ

Pooperacne: ak vCasneé jedlo - prandialny inzulin
Predlzenie vykonu, nestabilita glykémie: G + INZ



DM typ I

Vel'ka operacia / nekontrolovany diabetes

Napr. vel'ké presuny tekutin, trvanie nad 4 hodiny,
potreba hospitalizacie

Glu + INZ, Casta kontrola glykémie

Zvazit' kalium

Navrat k predchadzajucemu rezimu po obnoveni p.o.
prijmu

Pumpa: prejst na G + INZ



Rezimy

Bazal

Bolus

Bazal + bolus

Bazal + bolus + korekcia

,Sliding" rezim: bez bazalneho privodu,
premenliva infuzia podla glykémie a tabul'ky
(typicky pri nestabilnom stave)



Kedy s.c. inzulin

+ Jednoduchsie podanie, stabilita
- Cave vazokonstrikcia, hypotermia

Podmienky:

Stabilny diabetes

Nie kriticky stav

Operacie do 4 hod

Bez vel'kych presunov tekutin, hypotermie
Glykémia a 1 hod

Pri glykémii = 10 mmol/l: Glu + INZ



I'able 2. Management of Preoperative Insulin Therapy

Insulin Regimen Day Before Surgery Day of Surgery
Insulin pump No change “Sick day™ or basal “sleep” rate
Short and rapid-acting No change hold dose
Intermediate-acting No change for daytime dose, 75% of evening dose 50% of morning dose
based waking blood glucose levels
Mixed insulin No change 50% of morning dose
Long-acting 75-100% of night dose based on waking blood glucose 75-100% of morning dose (if taken)

Table 4. Day of Surgery Insulin Regimens

Day of Surgery Insulin Glargine NPH or Lispro, Aspart, Noninsulin
Regimens or Detemir 70/30 Insulin Glulisine, and Regular  Injectables
80% of usual dose if patient 50% of usual dose if BG Hold Hold
uses morning only or twice 120mg/dI* Hold for BG < 120mg/dI

daily basal therapy

*6.6 mM.
BG = blood glucose; NPH = neutral protamine Hagedorn.

Levy, Anesthesiology 2017



Table 4. Day of Surgery Insulin Regimens

Day of Surgery Insulin Glargine NPH or Lispro, Aspart, Noninsulin
Regimens or Detemir 70/30 Insulin Glulisine, and Regular  Injectables
80% of usual dose if patient 50% of usual dose if BG Hold Hold
uses morning only or twice 120mg/dI* Hold for BG < 120mg/d|

daily basal therapy

*6.6 mM.
BG = blood glucose; NPH = neutral protamine Hagedorn.

Table 5. Correctional Subcutaneous Insulin Scale Day of Surgery and Postoperative Surgical Ward Care

Insulin Sensitive* Insulin Resistant”
Age = 70 yr, BMI > 35kg/m2,

Blood Glucose GFR < 45ml/min, Home TDD Insulin > 80 U,
mg/dl (mM) No History of Diabetes Usual Insulin Steroids > 20mg Prednisone Daily
141-180 (7.7-10) 0 2 3
181-220 (10-12.2) 2 3 4
221-260 (12.2-14.4) 3 4 5
261-300 (14.4-16.6) 4 6 8
301-350 (16.6-19.4) 5 8 10
351-400 (19.4-22.2) 6 10 12
> 400 (> 22.2) 8 12 14

*If the patient falls into more than one insulin treatment group, choose the category with the lowest correctional dose to minimize the risk of hypoglycemia.
BMI = body mass index; GFR = glomerular filtration rate; TDD = total daily dose.

Levy, Anesthesiology 2017



Table 3. Day Before Surgery Insulin Regimens Based on Oral Intake Status

Glargine NPH or Lispro, Aspart, Noninsulin
or Detemir 70/30 Insulin Gilulisine, Regular Injectables
Day Before Surgery
Insulin Regimens am Dose pm Dose am Dose Pm Dose AM Dose pPmDose  am Dose pm Dose
Normal diet until Usual 80% of usual 80% of usual 80% of usual Usual Usual Usual Usual
midnight (includes dose dose dose dose dose dose dose dose
those permitted clear
liquids until 2h before
surgery)
Bowel prep (and/or clear Usual 80% of usual 80% of usual 80% of usual Usual Usual Hold when Hold when
liquids only 12-24h dose dose dose dose dose dose starting starting
before surgery) clear liquid clear liquid

diet/bowel diet/bowel
prep prep

NPH = neutral protamine Hagedorn.

Levy, Anesthesiology 2017



Pooperacny manazment

Zotavenie: vigilancia!

Merat, merat'.... (2 - 4 hod)

PONV; mozno podat’ dexametazon
Metabolicka dekompenzacia

Cakat’ do prvého jedla, vrétit’ rezim
Postoperacna multimodalna analgézia
Pozor na organové poruchy



Pooperacné komplikacie

Ateroskleroza: riziko IM, NMCP, dekubitus
Perif. neuropatia: dekubitus, zhorsenie neuropatie

Autonomna neuropatia: gastroparéza, ortostaticka
hypotenzia, ticha aspiracia, ticha ischémia
Nefropatia: riziko akutneho zlyhania obliCiek

Imunitny systém: infekcia rany (hypotermia!), mocovy
katéter

Zlé hojenie rany
Retinopatia: dezorientacia



Ambulantna anestézia

DM nie je kontraindikaciou

Do programu rano

PAD / inzulin rano

Infazia glukdzy miesto ranajok
'ahky obed

Prepustenie neskor popoludni (zohl'adniac
vracanie, hyperglykémiu)



Urgentna operacia

Metabolicky manazment:
- rychla korekcia dehydratacia a
hyperosmolarity/ketoacidozy

Izolovana hyperglykémia nie je KI urgentnej
operacie; lieCit' opakovanymi bolusmi 5 j inzulinu

Cave gastroparéza — RSI, atd'.
Inzulin kontinualne



DM a tehotna I

Materska a fetalna M/M
PEDA vel'mi vhodna. CS v EA/SA

Anestézioldg: PEDA, CS, peripartalna kontrola glykémie,
instrumentalny porod

Stretnutie s anestéziologom uz medzi 20. a 24. tyzdnom
tehotenstva pre mozné riziko pred¢asného porodu a
dekompenzacie diabetu

Obtiazne DC: tehotenstvo + diabetes
Uzivaneé lieky: steroidy, beta-2-adrenergné, beta-blokatory.



DM a tehotna II

Tesna kontrola glykémie

- hypoglykémia: zastavenie porodu

- hyperglykémia: reaktivnha hypoglykémia
novorodenca

Znizit’ davku kont. inzulinu o 30 — 50 % 20 min

po porode (pokles rezistencie na inzulin)

PokraCovat/, v€as navrat k s.c. inzulinu
Gestacny diabetes: je mozné zastavit' inzulin



Pravidla pre inzulin

Inzulin: parenteralne

Glykémia:
1jinzulinu U 0,5-1,5 mmol/I
10 g glukézy 11 1,0-2,0 mmol/l

Kontrola glykémie > 1 hod
Rezistencia na inzulin: 1j INZ U 0,3-1,0 mmol/|

Bolus i.v. INZ: kontrola glykémie po > 20 min
(4 x T/2 =5 min)

Az 50 % sa moOze viazat' na plast a sklo
Protokol: hypo (4,5), normo (5,5), hyperglykémia (> 10)



Pravidio 100

Znizenie glykémie pri podani 1 UI inzulinu ~
100 / celkova denna davka
Napr: 100/50 = znizenie o 2 mmol/I

Glykémia je 20 mmol/l; ciel’ je 10 mmol/I:
podat’ 5 jednotiek



Table 5. Correctional Subcutaneous Insulin Scale Day of Surgery and Postoperative Surgical Ward Care

Insulin Sensitive* Insulin Resistant”
Age > 70 yr, BMI > 35 kg/m2,

Blood Glucose GFR < 45ml/min, Home TDD Insulin > 80 U,
mg/dl (mM) No History of Diabetes Usual Insulin Steroids > 20mg Prednisone Daily
141-180 (7.7-10) 0 2 3
181-220 (10-12.2) 2 3 4
221-260 (12.2-14.4) 3 4 5
261-300 (14.4-16.6) 4 6 8
301-350 (16.6-19.4) 5 8 10
351-400 (19.4-22.2) 6 10 12
> 400 (> 22.2) 8 12 14

*If the patient falls into more than one insulin treatment group, choose the category with the lowest correctional dose to minimize the risk of hypoglycemia.
BMI = body mass index; GFR = glomerular filtration rate; TDD = total daily dose.

Levy, Anesthesiology 2017



Glukoza-Inzulin-Kalium (GIK)

Pumpa 1: 50 IU inzulin/50 ml NaCl. Start 1 mi/h. 1) 0,5-1,5 mmol/l.
Glu: 8-11 mmol/l + 1 mi/h
11-14 mmol/l + 2 ml/nh
>14 mmol/l + 3 mil/h + 8 Ul bolus, glycaemia a 30 min.

Pumpa 2: 50 ml glukdza. Start 5 ml/h 10 g Il glykémie 1-2 mmol/l)
Glu 3,3-4,4 mmol/l inzulin pumpa - 0,5 ml/h
2,2-3,2 mmo/l inzulin pumpa stop, glykémia a 30 min.
<2,2 mmol/l bolus 10 ml 10% glukdzy + 5 ml/h

Pumpa 3: 50 ml KCI 7,45%. Start 3 ml/h
K =3,0-3,5 mmol/l +3 ml/h
2.,5-2.9 mmol/l +6 ml/h
<2,5 mmol/l +9 ml/h + bolus 5 ml pomaly
5,0-5,5 mmol/l - 3 ml/h

Ebel, 2004
>5,5 mmol/l  Stop =



Table 6. Variable Rate Continuous Insulin Infusion

BG mg/dl (mM)

If BG Increased from Previous
Measurement

BG Decreased from Previous
Measurement by Less Than
30mg/dl

BG Decreased from Previous
Measurement by Greater Than
30mg/dl

> 241 (13.4)
211-240 (11.7-13.4)

181-210 (10-11.7)
141-180 (7.8-10)

110-140 (6.1-7.8)
100-109 (5.5-6.1)

71-99 (3.9-5.5)

70 (3.9) or lower

Increase rate by 3 U/h
Increase rate by 2 U/h

Increase rate by 1 U/h

No change in rate

No change in rate

1. Hold insulin infusion
. Recheck BG hourly

Increase rate by 3 U/h
Increase rate by 2 U/h

Increase rate by 1 U/h
No change in rate
Decrease rate by Y2 U/h

No change in rate
No change in rate

No change in rate
No change in rate
Hold insulin infusion

. Restart infusion at %4 the previous infusion rate if BG > 180mg/dl (10 mM)

. Hold insulin infusion

. Resume BG checks every hour

2
3
1
2. Check BG every 30 minutes until BG > 100 mg/dl (5.5 mM)
3
4

. Restart infusion at 4 the previous infusion rate if BG > 180 mg/dl (10 mM)

If BG = 50-70 (2.8-3.9mM),
1. Give 25ml D50

2. Repeat BG checks every 30min until BG > 100mg/dI (5.5mM)

If BG < 50mg/dl (2.8 mM),
1. Give 50ml D50

2. Repeat BG every 15min until > 70mg/dl (3.9mM)
3. When BG > 70mg/dI, check BG every 30 min until > 100 mg/dl (5.5 mM). Repeat 50ml

D50 dose if BG < 50mg/dl a second time and start D10 infusion

4. After BG > 100mg/dl (5.5 mM), resume hourly BG check
Restart infusion at !4 the previous infusion rate if BG = 180mg/dl (10mM)

Perioperative target blood glucose (BG) 140 to 180mg/d! (7.8 to 10 mM).

1.If BG > 180mg/dl (10mM), start insulin infusion.
2. Consider bolus dose (BG = 100/40).

3. Start rate at BG/100 = U/h.

4. Check BG hourly and correct per table.
D10 = 10% dextrose solution; D50 = 50% dextrose solution.

Levy, Anesthesiology 2017



Table 7. Postoperative Surgical Ward Insulin for Type 2 Diabetics on Oral Agents at Home

Total Daily Dose
Insulin Resistant

Total Daily Dose BMI > 35kg/m?,
Insulin Sensitive* Total Daily Dose Steroids = 20mg
Type of Insulin Age > 70 yr, GFR < 45ml/min Insulin Usual Prednisone Daily

NPO/Poor Oral Intake/Clear ~ Basal (glargine/detemir) 0.1-0.15U - kg™ - day" 0.2-025U-kg'-day ' 0.3U-kg'-day"’
Liquid Diet

USE BASAL PLUS REGIMEN Correctional (rapid acting)  Treat BG > 180 mg/dl (10mM) using correctional calculation or table 5

Normal Oral Intake Basal (glargine/detemir)  0.1-0.15U - kg™ - day™’ 0.2-025U-kg'-day' 0.3U-kg'-day"
At Meals

USE BASAL BOLUS Prandial (rapid acting) 0.1-0.15 U - kg™ - day" 02-025U-kg'-day' 03U-Kkg':day"’
REGIMEN Correctional (rapid acting)  Treat BG > 180 mg/dl (10mM) using correctional calculation or table 5

*If the patient falls into more than one insulin treatment group, choose the category with the lowest insulin dose to minimize the risk of hypoglycemia.
BG = blood glucose; BMI = body mass index; GFR = glomerular filiration rate; NPO = nothing by mouth.

Levy, Anesthesiology 2017



Bezpecné pouzitie inzulinu

Patri medzi 10 Never events:
najnebezpecnejsich liekov 1, zavazné pogkodenie
Urgentne i elektivne pacienta zdravotnikom pre
nespravne podanie inzulinu
Nespravny pripravok 2. Pouzitie skratky pre
Nespravna davka Jednotku
(predpis/podanie) 3. Nejasny verbalny pokyn
Nespravny ¢as 4. Nepouzitie Specialnej inz.

striekacky/pumpy

Vynechanie davky ,
5. Nepodanie inzulinu



Emergency Surgery Elective Surgery

* Ascertain timing and amount of * Follow preoperative oral hypoglycemic
last basal/prandial dose of insulin and/or insulin guidelines for day before
and/or oral hypoglycemics and day of surgery

* Check BG preoperatively; treat * Check BG in preoperative area; treat per
per recommendations below recommendations below

* Critically ill? BG poorly controlled at home?

¢ Anticipated hemodynamic changes, large
volume/temperature shifts?

* Duration of OR time > 4 hrs?

vy @

Continuous IV Insulin Infusion Subcutaneous Insulin Dosing

* Check BG hourly in OR/PACU * Check BG hourly in OR/PACU

* Start varigble rate insulin infusion ¢ Start variable rate insulin infusion when
when BG>180mg/dL BG>180mg/dL

* Follow insulin infusion algorithm ¢ Follow insulin infusion algorithm

* For BG <70mg/dL, stop insulin therapy. Treat with D50 bolus (25mL) or start D10 infusion
* For BG<50mg/dL, stop insulin therapy. Treat with D50 bolus (50mL)
* Recheck BG q15min until BG>70mg/dL

* |f BG>180mg/dL, resume SC insulin using more sensitive scale or infuse at %2 previous rate

Pre-operative planning, monitoring, treatment
Intraoperative planning, monitoring, treatment




6. Trendy, buducnost’

VSetko smart

Vzdelavanie (hry, aplikacie)

Inzuliny (inhalacne...)

Pera (obrazovka, pamat, bluetooth ...)
Glukometre (smartfon, pamat’, komunikacia...)
Senzory

Prepojenie s fit naramkami, prijem stravy
Umely pankreas

Umela inteligencia (manazment pacienta, kognitivny
asistent)



IGlucometre - bluetooth




Smart pens

14

19:59

Emperra

Who: Dr. Janko Schildt, a physician, and Christian Krey, a
former business unit manager at Animas, a Johnson &
Johnson company

When: Founded 2008

Where: Potsdam, Germany

What: ESYSTA, a smart insulin pen

Notable Investors: Robert Bosch Healthcare

Claim to Fame: Already on the market in Germany — and
reimbursed by German insurers



Preventing Complications




No SIM 10:31 AM @ 1 100% W #

— Actlns 24U - mg/dL

Table 1. Parameters used by exisiting bolus calculators

10:25 AM
Parameter || AE | RC | DPC | DD | IC Tuna Salad
Carbohydrate intake v v v v v AR
Preprandial blood glucose v v v v v
Target blood glucose v v v v v
[nsulin sensitivity factor || v v v | ¥ Sugar.IQ Insight
Carbohydrate-to-insulin ratio v v v v
Insulin-on-board 7 7 7 Having Tuna Salad? Be aware that
Exercise " " you tend to go low when you eat
this meal. Learn about bolus

options available in the pump here.

Tiina Qalad Aldr



Introducing Omnipod Dash Insulin Management System
One Digital Mobile Platform... Many Products

Secure Cloud

Data Analytics

e e
CGM ’

it vostor Day - November 16, 2010 Insudet (orporation ¢



The innovative MiniMed® connection
offers secure insulin delivery, with an
infusion set for every lifestyle.

(&

The exclusive and simple to use blood glucose
meter Contour® Next LINK 2.4 from Bayer
links wirelessly to the MiniMed® 640G,
providing accurate' testing with Multipulse™
technology, and discreet remote bolusing.

MINIMED® 640G
SYSTEM®

Our Guardian™ 2 Link transmitter
and Enlite™ sensor allow continuous
monitoring of glucose levels with greater

performance and comfort.*?

CONTINUOUS

GLUCOSE

MONITORING

MiniMed 640G

with SmartGuard™

Medtronic CareLink® software includes
easy-to-interpret trend reports and useful
therapy considerations to support treatment
optimisation.



Uzavreta kontrola glykémie

(

Continuous
glucose sensor

Insulin

pecen

koniec katétra

porty a
pripojky

G wlin TiDM Glucose | Gucose

imp Subject Sensor

brusna
stena

Figure 1. Block diagram of a closed-loop system for glucose control incorporating a meal bolus calculator..
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Diabetes will be managed by
artificial intelligence (Al) algorithms
and intelligent machines within the
next 20 years.

Predlctlve LOW Published on November 18, 2016
Glucose Suspend

Suspension
Period

Artificial Intelligence for Diabetes

1% ECAl Workshop on Artificial intelligence for Diabetes
at the

22nd European Conference on Artificial Intelligence (ECAI 2016)

O Predicted Trend
@ Adjusted Actual 30 August 2016, The Hague, Holland




Zaver I

Operacia: lacnenie, prerusenia obvyklého rezimu,
operacny stres

Aj priprava na vysSetrenie Creva, RTG vySetrenie

Komorbidity: vplyv na vysledok, postihnutie
operaciou/anestéziou

Elektivny vykon - ak dobra kontrola glykémie

Do programu rano - disrupcia

Farmakokinetika a dynamika liekov

Prevencia hyperglykémie - prevencia komplikacii

DM 1: pristup rovnaky; prevencia hyper- a hypoglykémie
+ technolodgie



Zaver II

Cielova glykémia 6 - 8 - 10 mmol/I
Mozné rezimy:

- bez zmeny

- vysadenie PAD a glukdza +/- inzulin
- glukoza + inzulin

Mat’ miestne pokyny (jednoduché€, zrozumitel'ng,
vykonatel'ne, minimalna moznost’ omylu)

Protokol!
Bezpecnost'!
Audit!



Dakujem za pozornost’

|
®

stefan.trenkler@upijs.sk



