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Kontinualni monitorace glukozy
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Senzor zaveden do podkozi + vysila¢ + prijimac (telefon, pumpa, samostatny pfistroj) ize

Burika

Meéri glukdzu v intersticialni tekutiné, a 5 minut, podobné jako glukometr zalozeno na
elektrochemickém principu — redoxni reakce)

ALE: mirné zpozdéni oproti hladinam glukozy v krvi — cca 10-15 min

Flash glucose monitoring — tzv. okamzité monitorovani glukézy FreeStyle libre — pacient kontroluje
glykemie sam prilozenim ctecky (schvaleno pro vsechny pacienty s DM1)

» Senzor &Vysilad

Real time CGM: Dexcom G6 a Guardian - bluetooth propojeni s prijimacem, smart phone, smart
watch anebo inzulinovou pumpou — moznost alarmu o B

Pfijimac & Purmpa

Pti pfipojeni na wifi umoZiiuje i pfidat tzv. partnera v péci — pribuzny, lékar ... ktery mlze take
sledovat vyvoj glykémii

Autor obrdzku: Pavel Skrobdnek, wikiskripta.cz



Praktické vyuziti

Pacient ma kontinualné prehled o vyvoji svych glykémii — po jidlech, pri fyzické aktivité, nemoci — lepsi pochopeni a
nastaveni lécby. Snazsi samostatna Uprava davek inzulinu dle aktualni glykémie, citlivosti na inzulin, sacharidového
pomeéru...

MozZnost nastaveni alarmu — dllezZité zejména u hypoglykémii — upozorni uz pfi rychlém trendu poklesu glykémie

(zasadni pro pacienty s poruchou vnimani hypoglykémie)

V pripadé propojeni s inzulinovou pumpou umozni prediktivni zastaveni davky inzulinu u poklesu glykémie a u tzv.
hybridniho uzavreného okruhu (Tandem a Minimed 780 G) moznost davkovani bazalni davky inzulinu a Uprav mezi bolusy
inzulinovou pumpou

Lékar ma k dispozici podrobnd data, na zakladé kterych mlze upravovat terapii.



Freestyle Libre — flash glucose monitoring

Pouzitelny 14 dni
Bez potreby kalibrace
Neuporoziuje na zmény

glykémie, nutna aktivita
pacienta




DexXcom capturAGP* © Maria Greene

Dexcom G6 (A-Import)

e 10 dni, bez potreby kalibrace, nastavitelné alarmy




Guardian (Medtronic)

 Starsi verze kalibrace po 12 hodinach, novejsi bez kalibrace, vydrzi 7 dni
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Eversense implantabilni senzor
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Propojeni s inzulinovou pumpou

INSULIN DELIVERY
Medtronic offers a wide
range of infusion sets so that
you can choose the right
infusion set for your comfort
and safety.

THERAPY
MANAGEMENT TOOLS

CareLink™ Pro software includes
insightful trend reports and
therapy considerations to help
you make informed treatment
decisions for you.

actual size

CONTINUOQUS

GLUCOSE

MONITORING

The Enlite™ sensor provides
areliable® CGM experience for
you.*

BLOOD GLUCOSE TESTING
Conrour Mext LINK 2.4

meter links wirelessly to
MiniMed 640G and provides
proven** testing accuracy

and discreet remote bolusing.
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Dexcom Carelink
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Hodnoceni pfesnosti méreni u kontinualni monitorace

ISO kritéria jasné stanovena pro glukometr, nové doporuceni pro CGM integrované s inzulinovou
pumpou

Doporuleni Ceské diabetologické spole¢nosti a Ceské spole¢nosti klinické biochemie pro POCT
glukometry:

Celkova chyba mérfeni: pro koncentrace > 5,6 mmol/l < 15 %
pro koncentrace < 5,6 mmol/l < 0,8 mmol/I

CGM - MARD mezi 10-15% (pro ambulantni péci)

MARD (mean absolute relative difference) — senzory realné mezi 10-15% ... ale soucasné ukazuji
trend ... pro CGM integrované s inzulinovou pumpou v hybridnim uzavieném okruhu do 5%

Korelace jednotlivych méreni
Bias analyza

Clark error grid a jeho dal3i varianty ... systém hodnoceni na zaklade konsenzu odbornikd - klinicky
vyznam rozdilt v mereni - rozvrstveni do nekolik zon podle zavaznosti pripadné nespravne
intervence na zakladé chyby méreni



Table |I. Measurement Accuracy Criteria of ISO 15197:2013 and FDA Requirements for Integrated CGM (iCGM) Systems.

Glucose concentrations ISO 15197:2013 FDA’s iCGM requirements®
Overall = 95% within =15 mg/dl or =15%*  >87% within =20%
<70 mg/dl NA >85% within =15 mg/dl

>98% within =40 mg/d|
no value > 180 mg/dI

70-180 mg/d| NA >70% within = 15%
>99% within =40%
> 180 mg/d| NA >80% within = 15%

>99% within =40%
no value <70 mg/dl
Additional requirements = 99% of within consensus error < 1% of glucose rates of change >1| mg/(dl*min) if true rate of change
grid zones A and B <—2 mg/(dl*min)
< |% of glucose rates of change <—| mg/(dl*min) if true rate of
change >2 mg/(d*min)

“At least 95 % of measured glucose values should be within either =15 mg/dl of the averaged comparison values at glucose concentrations <100 mg/dl or
within % 15% at glucose concentrations =100 mg/dl.

®The percentage of measured glucose values within a defined difference value or within a defined percentage value is calculated and the lower one-sided
bound of the 95% confidence interval of this percentage must be in excess of the given requirement value. For studies where relatively low numbers

of paired data-points are collected, a correspondingly wider confidence interval will apply. In such cases, a higher percentage of values must meet the
accuracy requirement in comparison to a study where a larger dataset is collected.

Freckmann et al., Journal of Diabetes Science and Technology, 2019
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Table 6.2—Standardized CGM metrics for clinical care

1. Number of days CGM device is worn (recommend 14 days)

2. Percentage of time CGM device is active (recommend 70% of
data from 14 days)

3. Mean glucose

4. Glucose management indicator

5. Glycemic variability (%CV) target =36%*

6. TAR: % of readings and time >250 mg/dL (>13.9 mmol/L) Level 2 hyperglycemia

7. TAR: % of readings and time 181-250 mg/dL Level 1 hyperglycemia
(10.1-13.9 mmol/L)

8. TIR: % of readings and time 70-180 mg/dL (3.9-10.0 mmol/L) In range

9. TBR: % of readings and time 54-69 mg/dL (3.0-3.8 mmol/L) Level 1 hypoglycemia

10. TBR: % of readings and time <54 mg/dL (<3.0 mmol/L) Level 2 hypoglycemia

CGM, continuous glucose monitoring; CV, coefficient of variation; TAR, time above range;
TBR, time below range; TIR, time in range. *Some studies suggest that lower %CV targets
(<33%) provide additional protection against hypoglycemia for those receiving insulin or
sulfonylureas. Adapted from Battelino et al. (34).



24hodinova analyza - senzor, inzulin a nastaveni
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Andrea, 46 let, DM 1.typu od 10 let, HbAlc 49 mmol/mol
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Lukas, 36 let, DM 1.typu od 10 let, HbAlc 49 mmol/mol

Nedéle 13.03

Kovekce®
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Cile |écby DM

a.CAS V CILOVEM ROZMEZI 3,9 - 10 mmol/I

- cil je = 70% casu straveného v cilovém rozmezi
- cil je <4% Casu straveného pod 3,9 mmol/I

- cil je <1% Casu straveného pod 3,0 mmol/I

e

- pro urcité skupiny mize byt tfeba cilové rozmezi upravit, pr.
téhotenstvi: 3,5 - 7,8 mmol/l, kiehké osoby: 3,9 - 13,9 mmol/I éi
syndrom nepozndni hypoglykémie: 5-10 mmol/I.

b. HODNOCENI PRUMERU A VARIABILITY GLUKOZY

- pramérna hodnota glukézy - cilem je co nejnizsi priimér

- smérodatna odchylka (SD): <3,5 mmol/l &i <1/3 primérné glukézy
- koeficient variace: <36%

- riizné programy zobrazuji jiné ukazatele variability, staci hodnotit jeden z nich

¢. GLYKOVANY HEMOGLOBIN (HbA,,)
» doplniuje informace ziskané ze senzoru
- souvisi s Casem v cilovém rozmezi a pramérnou glukézou
* neodrazi dobre variabilitu glukézy ani vyskyt hypoglykémii
Interpretace hodnot (neni-li Iékafem urcen individudlni cil):
- v cilovém rozmezi: < 45 mmol/mol
- nad cilovym rozmezim: 45 - 53 mmol/mol e 5 =

0 20 40 50 60 80 90 100
 vysoky: > 53 mmol/mol % tasu v cilovém rozmezi 3,9 - 10 mmol/!

Glykovany hemoglobin

Gudelines for treatment of type 1 diabetes EASD and ADA 2021, obrdzek z edukacniho materidlu KD IKEM, MUDr. Sochorovad,



4t Generation

| Discovery of DNA probes

; 1

Oxygen Biosensor

i ‘ | Glucose  Gluconi acid Advance Wearable Biosensor Platform
2012- Until Now

N ; Insulin and 202 ——
Substrate Product P V.N « Insulin pump - £ o .
44 by Kadish < : >, \7/&» / g N\ i
s " e ZPPY =mzNf A =GOX / ‘ & j‘
= . DNA targat =fMWCNTs & =pyrrole .
19|63 v % Glucose Test Strip DNA Biosensor Nano Biosenso Glucose Microneedle Epidermal
I : Immunosensor 19|87 19?8 I 20005 : Contact lens Sensor Tooth Enamel tatt;c()’;esnsor
: I 1975 I : Glucowatch : “« 1 2011 2011 Sensor
I ! I : | 1999 ! 2012
. | o

2

Epidermal

|
|
1 I Commerdcial | |
I I Blood Glucose 1980 : I RFID Sensor
! I Meter- the
1962 ! Ames I 2000 2015 ' o
Glucose Biosensor : Clark : Reflectance 1991 Contlnuo.us (_-ilucose |V'|ICI’0f|UId.IC
and Lyons | .~ 1970  Weter Subcutaneous Glucose Meonitoring Biofuel Chip
monitoring 2019

Cystic Fibrosis Sweat ROb(?tIC Int.egratlo_n n
Microfluidic Chip
Sensor

2017 2021

— = Y /

15t Generation 2"d Generation 3rd Generation

Optical Sensor

5th Generation

Zafar et al., Sensors, 2022



Aktualni doporuceni ADA 2022 pro CGMS

* Doporucené u pacientu s DM 1.typu po adekvatni edukaci (B)
e Jednoznacny benefit pro snizeni HbA1lc a frekvence hypoglykémii (A)

* Moznost pouzivat i behem hospitalizace — dle schopnosti pacienta a zaskoleni
personalu (E)

e Pocas pandemie COVID 19 vyuzito u desitek patientu v raznych centrech se
snahou omezit rizikovy kontaktu personalu s pacientem - bezpecné a efektivni i u
pacientu s obéhovou a ventilacni podporou ... opatrné doporuceni pro
individualni pripady, bezi klinické studie

* Pacienti na hybridnim uzavireném okruhu za hospitalizace — moznost ponechat v

pripadé, ze pacient plné zvlada obsluhu pumpy anebo je k dispozici ke konzultaci
vyskoleny personal

Standards of Medical Care in Diabetes, ADA, Diabetes Care 2022



Glykemické cile za hospitalizace a ICU
(update ADA 2022)

* Vychazi z klasického méreni glukometrem

* Van der Berghen — benefit téesné kompenzace u kriticky nemocnych

* NICE SUGAR — multicentricka studie, naopak vyssi riziko hypoglykémie
* Vstupné zjistit uroven kompenzace — HbAlc

* Obecné doporuceni 7.8 — 10.0 mmol/mol (A)

* U vybranych skupin 6.1 - 7.8 mmol/l (operace, kardiochirurgie) (C)

* Perioperacni obdobi 4.4 — 10.0 mmol/l (“may be considered”)

e U pacientl v nasledné péci pri obtizném zajisténi oSetrovatelské péce
benevolentnéjsi, u pacientu v termindlnim stadiu snaha o co nejméné
zatézujici terapii

Standards of Medical Care in Diabetes, ADA, Diabetes Care 2022



Zaver — kontinualni monitorace glukozy

* Jednoducha minimalne invazivni metoda mereni glukozy v intersticiu t.c.
plné zavedena v ambulantni praxi

* Umoznuje sledovat hladinu glukdzy v prubéhu — trendy vyvoje, kontext,
hlubsi pochopeni principu regulace glykémie ...INDIVIDUALIZACE |écby

* Jina dynamika zmén nez u méreni v krvi — lag time 10-15 minut

* Pro CGMS za hospitalizace na standardnim oddeleni Ci ICU nejsou t.C.
jednoznacne stanovena pravidla, detailne objasnény mozné interferujici
vlivy, ani jasné definované glykemickeé cile

* Prvni vysledky malych studii pocas pandemie COVID 19 ukazuji, ze by
kontinualni monitorace mohla byt pouzitelna - s individualnim
stanovenim glykemickych cilt
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