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Diabetes Mellitus 1. typu

e ‘“cukrovka”
e autoimunitné ochorenie

imunitny systém Cloveka nicCi vlastné 3-bunky pankreasu
o zodpovedaju za tvorbu inzulinu

choroba nie je spdsobena stravou ani zivotnym Stylom

geneticka predispozicia

poSkodenim buniek pankreasu telo prestava tvorit’ inzulin

chyba inzulin — glukéza sa nedostava do buniek — stupa hladina glukézy v
krvi — akutne a chronické komplikacie
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Vyvoj inzulinu

e 1921 Toronto

e izolovany inzulin z pankreasu psov
o neskor z hovadzieho dobytka a prasiat

1922 prvé podanie Clovekovi

1923 Nobelova cenu za fyziologiu a medicinu
1982 prve biotechnologicke inzuliny

jeden z najvacsich uspechov modernej mediciny




Davkovanie inzulinu

e predplnené pero alebo liekovka
e davkovanie po 0.5J alebo 1J

e inzulinova pumpa
o davkovanie po 0.05J
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Kedy podavat inzulin?




CGM

Continuous Glucose Monitoring
“senzor”
BLE

meranie aktualnej glukdzy z podkozia
o 1-5 min interval

mobilna aplikacia
notifikacie
zdielanie udajov




Inzulinova pumpa

e zariadenie pripojené k telu

e nepretrzite podava inzulin v malych davkach
e nahradza podavanie injekciami

e Bluetooth

e prvé pumpy nevedeli komunikovat s CGM




#\WeAreNotWaiting

2013 na Stanforde

open source iniciativa

frustracia z pomalého vyvoja komercnych rieSeni
inzulinové pumpy boli dostupné, ale “hlupe”

data z CGM sa dali Citat' len CitaCkou od vyrobcu
vznik Nightscout Foundation




Nightscout

AGPL

2014 John Costik

rodiCia nemali pristup k udajom CGM svojho dietata

ziadne komercne dostupné rieSenie pre vzdialeny monitoring



Nightscout

komplexné prenasanie dat z CGM na server s Web Ul
API

exporty pre lekarov

riadenie pristupu

stale jedineCné riesenie, ktoré nema komercnu nahradu



Nightscout - integracia
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OpenAPS

e 2015
e Artificial Pancreas System

e Vvyvoj algoritmu pre riadenie uzatvorenej slucky
o automatizovany, presny a bezpec€ny algoritmus pre davkovanie inzulinu
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OpenAPS - oref0

JavaScript

MIT licencia

prediktivhe znizovanie/zvySovanie bazalu
nepodava korekCné bolusy

jednoduchy algoritmus



OpenAPS - oref1

2017

zaklad z oref0

“super pokrocilé funkcie”

podava mikrobolusy

rozpoznava jedlo na zaklade vyvoja glykémie
dynamické limity

predikcia pésobenia a aktivity inzulinu
predikcia vstrebavania sacharidov



OpenAPS

DanaMLewis, dyips.org



AndroidAPS

2016

vyvoj pod Nightscout Foundation

GNU Affero General Public License

hl. vyvojar Ing. Milos Kozak

integruje algoritmy OpenAPS

pacient musi prejst niekolko tyzdnovym testom
o kazdy level mu odomkne Cast funkcionality

o niektoré kroky su Casovo obmedzené
o pacient je edukovany a pozna fungovanie systému

e bluetooth komunikacia s pumpou, CGM, smart hodinkami
e integracia s nightscout



AndroidAPS




AndroidAPS

e distribuované vo forme zdrojovych kodov
e pacient si musi sam zostavit APK
e velka komunita (facebook, discord)



Loop

i0S

2019

MIT

konzervativny vyvoj

vlastny algoritmus naprogramovany v Swifte
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IAPS

I0S

povodne FreeAPS X

MIT

pouziva algoritmy OpenAPS

agilny vyvoj

kompletna integracia do Apple ekosystemu
o Ul, Apple Watch, Skratky

najpokrocCilejSie moznosti
o viacerée algoritmy a pokrocilé matematické funkcie
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Trio

fork IAPS
MIT

vyvoj pod Nightscout Foundation
pouziva OpenAPS
konzervativny vyvoj

vysSia bezpecnost
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Rozsirujuce algoritmy

e aplikacie priniesli dalSie pokrocilé algoritmy
e lepsSie reaguju na dynamické potreby

» Pumpa

£
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RozSirujuce algoritmy - DynISF

e DynlISF
o porovnava vyvoj za dihSie Casové obdobie
o lepSie riadi zvySenu potrebu inzulinu (napr. poCas choroby)
o logaritmicka funkcia (AAPS, iAPS, Trio)
o sigmoidova funkcia (IAPS, Trio)



RozSirujuce algoritmy - AutolSF

e najpokrocily algoritmus
e nepotrebuje mat informaciu o jedle
e pracuje s:

o akceleraciou

o A

5min, 15min, 45min

o Cim je pacient dIhSie mimo svojej ciefovej glykémie, tym je algoritmus agresivnejsi
e IAPS
e AndroidAPS-dev
e Tai (fork Trio)



Kompatibilita

Available OPEN-SOURCE Automated Insulin Delivery Systems - Summer 2024
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POCTech FreeStyle Dexcom FreeStyle Libre FreeStyle "
Eversense CGM Glunovo p3 CT-100 Libre 3 Dexcom G5 Dexcom G6 Dexcom ONE Dexcom G7 ONE Plus 1 + wansmitter Libre 2 Enlite CGM
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AndroidAPS*

Accu-Chek Combo

" Dana-i
Accu-Chek Insight panaR/RS

TouchCare Nano

Pump

—
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TouchCare Nano
Pump (300V)

EoPatch 2

Diaconn G8

Omnipod DASH Omnipod Eros +

Riley Link

Older MiniMed
pump + Riley Link

() Diabetotech

*Not approved by medical authorities



Komercne uzatvorené slucky

e 2018 v USA
e 2020v CZ
e uzatvorené riesenie
o svlastnym CGM
e niektoré systémy sa snazia naucit parametre pacienta
e mobilné aplikacie
o Casto nefunkéné

o obmedzena funkcionalita
o problémy s aktualizaciami

e spoliehaju sa na vstupné udaje od pacienta
o presné zadavanie sacharidov



Komercne uzatvorené slucky

Available COMMERCIAL Automated Insulin Delivery Systems - Summer 2024
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Komercné uzatvorené slucky - bezpecnejsie?

e firma Medtrum odmieta zverejnit Studie
o problémy s patentami - zakaz vo FR a Casti DE
o bezpec€nostné varovanie v UK

o ale je schvalena...
DTN statement regarding the use of Medtrum

HCL systems

The DTN committee are aware that questions have arisen since the inclusion of the Medtrum HCL system in the framework, provided by NHS
Supply Chain, for the procurement of HCL systems to support the implementation of NICE TA 943. The committee has 4 key concerns regarding
provision of the Medtrum hybrid closed loop system to people with type 1 diabetes in the UK:

1. We have requested published evidence of the safety and efficacy of the Medtrum HCL system from the company, who are currently unable to
provide this. The safety of people with type 1 diabetes is clearly of paramount concern.

2. There were a small number of users of the Medtrum system included in the NHS England Pilot of these systems. Some of these users
experienced adverse events, including an increased risk of hypoglycaemia. The safety concerns raised led to DTN recommending that Medtrum
users be switched to an alternative system. While we understand that there have been updates to the Medtrum system since this pilot took
place, we have not seen any evidence to date to demonstrate that these issues have been resolved.

3. We have received communication from international colleagues that current users of the Medtrum Hybrid Closed Loop system are experiencing
similar issues to those observed during the NHS England Pilot.

4. There are alternative, cost-effective systems included on the framework where published evidence of efficacy and safety is available.



Su komercné uzatvorené slucky lepsie?

e SLA

o 24/7 podpora v lokalnom jazyku
e chybajuca automatizacia
e nedokazu poskytnut kompenzaciu podla najnovsich odporucani



Su komercné uzatvorené slucky lepsie?

zakladné porovnanie algoritmov

Systém
Open-Source
780G
Control-1Q

CamAPS FX

najnizsi ciel
4.0-4.4 mmol/l
5.5 mmol/I
6.2 mmol/I

4.4 mmol/l

korekcia
kazdych 1-5min
kazdych 5min
1x za 60min

kazdych 8-12min



Open Source slucky

e automatizacia
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Open Source slucky

Food Search

™ Al Food analysis

Confidence level: ~® Hoch

M Total nutritional values
of the meal

23 20
g 9
Protein

1@! Seperat Foods

scrambled eggs

© Pridat

3 Portions

[+ Add all

Food Search

scrambled eggs

g protein 10.0g fat 140

whole grain toast with ricotta
and avocado

in 15.0g fat

cherry tomatoes

)g protein 0.0g fat 5 kcal




App Store a Google Play

e neakceptuju neschvalené lieCebné aplikacie
e AppleiOS

o neumoznuje instalaciu mimo oficialnych zdrojov

o nutny vyvojarsky ucet
e Android

o Google zatial povoluje priamu instalaciu APK

o zakaz instalacie APK od 2026

o podpiste peticiu Keep Android Open



https://keepandroidopen.org/

Legislativhe problemy

e nejde o schvalené zdravotnicke pomdacky
e |ekar nemobze tieto systémy poskytovat ani nastavovat
e pouzivatel prebera zodpovednost



Vyzvy do buducna

e pumpy vyuzivaju silnejSie Sifrovanie

e jazykove preklady

e prvé pokusy s Al a strojovym ucenim
o  AndroidAPS AIMI

e spolupraca s vyrobcami
o prichadzaju prvé pumpy postavené na open source sluckach



Dakujem za pozornost



