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Predstaveni a kontext

Diabetes
° Typ 1, 2 a ostatni

Zameéreninatyp 1
o Autoimunitni

° Projevi se Casto jiz v détstvi
o Lécba inzulinem

° V soucasnosti vyZzaduje mnoho nositelné elektroniky

https://diabetes.zcu.cz/



https://diabetes.zcu.cz/

LéCba diabetu

Inzulin (typ 1, nové i typ 2)
° Inzulinové pero
° Inzulinova pumpa

o Podkozni

o Intradermalni

Antidiabetika (typ 2)




Davkovani inzulinu

Bolusové
o Rucni

Bazalni
o Rucni

o Automatické
o Jak?




Viereni

Koncentrace glukdzy
o V krvi

o Glukometr

o Sporadicky
o V podkozi

° CGM senzor

o, kontinudlné”




Typicky ,setup”

Senzor

Pumpa

Glucose sensor

) ) and transmitter Infusion set
InfUzni set

Ridici zaFizeni

° Nepovinné

° Mezi senzorem a pumpou
o Mobilni telefon, hodinky

Diskuse: spousty zafizeni na ¢lovéku — jak to
ovlivni psychiku, napf. u détskych pacient(?

Zdroj: https://diabeteson.com/technical-devices-that-improve-risk-factors-care-and-quality-of-life/
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Vyvoj regulatoru

Certifikovany
o ,ten spravny”

DIY
o ten rychly”




DIY

Trend poslednich cca 15 let

Pacienti si sami vyvinou léCebny aparat
° Lepeni komponent
° Prototypovani algoritmu

Nepodléha certifikaci

Rizika vs. vyhody?




DIY v |éCbé diabetu

OpenAPS
° open-source, JavaScript, Python

o Algoritmus orefO

AndroidAPS
° open-source, Java
° Pro regulaci spousti orefO (JavaScript)

Loop
° i0S verze, Objective-C (pozdéji Swift)



OpenAPS

mHealth?

Nositelna zarizeni?

Bezpecnost?
o Zastarala zafizeni
o JavaScript
o Co kdyz dojde k selhani?




OpenAPS - selhani

Jak resit selhani na nékterém ze zarizeni?

V OpenAPS to uplné idealné nevypada...

// 38 is an xDrip error state that usually indicates sensor failure

//{ all other BG values between 11 and 37 mg/dL reflect non-error-code BG values, so we should zero temp for those

if (bg <= 1@ || bg === 38 || noise >= 3) { //Dexcom is in ??? mode or calibrating, or xDrip reports high noise
rT.reason = "CGM is calibrating, in ?7? state, or noise is high";

i

if (minfgo > 12 || minAgo < -5) { // Dexcom data is too old, or way in the future
rT.reason = "If current system time "ssystemTime+" is correct, then BG data is too old. The last BG data was read "+minAgo+"m ago at "+bgTime;

// if BG is too old/neoisy, or is changing less than 1 mg/dL/5m for 45m, cancel any high temps and shorten any long zerc temps

} else if ( bg > 5@ &L glucose_status == @ &% glucose_status.short_avgdelta » -1 &% glucose_status.short_avgdelta < 1 && glucose_status.long_svgdelta > -1 §
if { glucose_status.last_cal && glucose_status.last_cal < 3 ) {

rT.reason = "CGM was just calibrated”;
¥ else {
rT.reason = "Error: CGM date is unchanged for the past ~45m";
K
i
if (bg <= 1@ || bg === 38 || noise »= 3 || min&go > 12 || mindgo < -5 || { bg > 6@ && glucose_status == @ && glucose_status.short_avedelta > -1 && glucose_:

try {

Logova,nll do k0n20|e iobArray.forEach{function(iobTick) {

.80 adek kédu...
T catch (e) {

console.error("Problem with iobArray. Optional feature Advanced Meal Assist disabled™);

Bez pokusu o zotaveni




rT.predBGs = {};
I0BpredBGs . forEach(function(p, i, theirray) {

\V4
O p e n A P n e S e Z e theArray[i] = round(Math.min{481,Math.max(39,p))1);
; N
[ ]

for (var i=I0BpredBGs.length-1; i » 12; i--) {
if (IOBpredBGs[i-1] !== IOBpredBGs[i]) { break; }
else { I0OBpredBGs.pop(l); }

,OpenAPS nem(ze selhat” )

rT.predBGs.I0BE = I0OBpredBGs;
fo) Fakt? 1lastI0BpredBG=round(I0BpredBGs[I0BpredBGs.length-1]);
ZTpredBGs. forEach(function{p, i, theArray} {
(4 theArray[i] = round(Math.min({481,Math.mex(39,p)));
15
for (i=ITpredBGs.length-1; i > 6; i--) {

o Konstatovano na zakladé , desetitisicl hodin béhu*

// stop displaying ZTpredBGs once they're rising and above target

Selha,nl, Ize éa{Steéné p\r,edej I,t forma,lnl, VerifikaCI, if (ZTpredBGs[i-1] »= ZTpredBGs[i] || ZTpredBas[i] <= target_bg) { bresk; T
o Tou kdd OpenAPS jisté neprosel | s

.. . P , . rT.predBGs.ZT = ZTpredBGs;
o Verifikovatelnosti musi jit kod trochu naproti L55t2TpredB6-round (ZTpredBs [ZTpredats. Lengtn-11);
if (meal_data.meslCOB > @) {
,,Spaghetti” kéd (0] 1600 FédCI'Ch \Y) JavaScriptu tO nedélé aC0BpredBas. forEach(function(p, i, thearray) {
theArray[i]l = round(Math.min(481,Math.max(39,p)));:
Hi
for (i=al0BpredBGs.length-1; 1 » 12; i--) {
if {a(0BpredBGs[i-1] !== aC0BpredBGs[i]) { break; }
else { aC0OBpredBGs.pop(); }

¥
if (meal_data.meslCOB > @ && ( ci » @ || remainingCIpeak > @ )) {
C0BpredBGs.forEach(function{p, i, thelArray) {
theArray[i] = round({Math.min{481,Math.max{39,p)));
B
for (i=CO0BpredBGs.length-1; 1 » 12; i--) {
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VSechny systémy

Nositelna elektronika
° Vlyzaduje komunikac¢ni protokol

DIY systémy vyuzivaji zastaraly hardware
o S jiz prolomenym protokolem
o Déravé
° Davno bez zaruky
> Kdo nese odpovédnost za Ujmu na zdravi?

o Pacient si naordinuje sam

> Diabetolog toleruje, obcas i podporuje



Davkovano moc inzulinu kvuli
nedetekovanému selhani senzoru

DIY Systé my se lh a'\/ajf R

‘We received an Adverse Event report today (via private message to @AdrianLxM) of a user running OpenAPS orefQ version

A ne zrovna ojedinéle

o Vlybér z poslednich par aktivnich issue OpenAPS

tzachi-dar commented on 2 Dec 2018

Describe the bug
It seems that today, too much insulin was dosed in the morning. (at 07:55) for example.

To Reproduce
Not possible, but | have the data needed | think.

Expected behavior
A much smaller basal rate

Screenshots

Will be attached. As one can see:

at 07:55 BG was 82, (and geing up in jumps of 9.

target bgis 110.

basal = 0.4

sensitivity factor = 100,

So, very naive, since we are below target no basal should be issued.

ProtichGdnd pravidla pro regulaci

0.6.2, with CGM data from Libre/LimiTTer/xDrip+, who received excess insulin due to failure to detect a failing sensor. The
event in guestion did not result in hypoglycemia or any other negative health outcome, but could have done so if they had not
noticed the problem and removed the failing sensaor.

Nedostatecné testovani (Cl/CD)

L stevebell117 commented on 12 Mar 2019 » edited - Contributor | (Z) e«

Describe the bug
Installing the newest oref(, the ns-status that's being uploaded to N5 is breaking the "devicestatus” collection due to including

a "uploader: {}" empty hash on a non-uploader entry.

guimkwon commentad on 1 Jan

Describe the bug

Chyby v kédu kvl
The communication between rig and pump fails when BG level goes below 68 mg/dl. | see BG levels below 68 mg/dl on the . v .
pump screen fine. However, no BG reported on nightscout and putty shows 'BG too old' error. When BG goes up above 70 Jeho nepreh Ied nostl

mg/dl, everything goes back to normal; looping works and BG reported on nightscout. Please see nightscout screen shot

below.

e dcacklam commented on 14 Apr Contributor = () ==+

Describe the bug
When OpenAPS attempts to set a basal of 6u/hr or higher, the actual command sent to the pump sets the basal to 0.

Tiché selhani samotného OpenAPS




Podle ceho je DIY , bezpecné”?

As users of a patient-driven technology, OpenAPS users are self-reporting improved A1C, day-to-day

glucose levels, and quality of life. Safety features important to individuals with diabetes are perceived to be

embedded into OpenAPS technology. Twitter analysis provides insight on a patient population driving an

innovative solution to improve their quality of diabetes care.

hours. In this highly selective population, user self-reporting suggests OpenAPS is much
safer than standard pump with CGM therapy, measured by time spent in hypo- and
hyperglycaemia, with no self-reports of severe hypo- or hyperglycaemic events 34.

OpenAPS is designed to be, and has been, far safer than standard pump/CGM therapy, as measured

by duration of hypoglycemia and hyperglycemia, with no reports of severe hypo or hyperglycemic

Discussion and Conclusions: Closing the loop with OpenaAPS in people with T1D is effective in
L]

decreaSinﬁ Alc and %TIHypo, without any serious adverse event. Of note, these results were

obtained with people who showed a good baseline metabolic control (A1c of 7.17%). However,

we need to study OpenAPS implementation on a larger sample of people with T1D and with a

DIYPS' and the #0penAPS project. " The dangers posed to patients from the do-it-yourself artificial

pancreas may not be from individuals with malice, but rather from users with an excess of enthusiasm and a

shortage of knowledge and experience.

https://doi.org/10.1177/1932296818795705

https://doi.org/10.1111/dme.13816

https://openaps.org/2016/06/11/real-world-use-of-open-
source-artificial-pancreas-systems-poster-presented-at-
american-diabetes-association-scientific-sessions/

https://dx.doi.org/10.1177%2F1932296816665635

https://doi.org/10.2337/db18-993-P

https://doi.org/10.1177/1932296815583334




Lekari DIY vitaji

Velka ¢ast |ékara vidi jen vysledky
> Ty jsou povétSinou dobré

Psychologicky aspekt?

,ucel sveti prostredky”, cilend ignorace technickych nedostatk




Pozadavky na mHealth zarizeni

Spravnost algoritm
> Verifikace

o Dakladné testovani ve spravné zvolenych scénafich
° in-silico (preklinické)

° in-vivo (klinické)

Odolnost proti porucham
o fault-tolerance”

o Verifikace
Zabezpeceni

Zivotni cyklus
o zaruka, aktualizace, pravidelné kontroly odbornikem, ...



Certifikace

FDA (USA), EMA (Evropa)

Obrovsky proces

° Dlouhy
o Klidné nékolik let
° Drahy
o Klidné nékolik desitek miliona $

> Namahavy

Certifikovana zarizeni maji zarucenou kvalitu



Verifikace algoritmu/zarizeni

Systematické testovani vsech moznych stavu systému s naslednou validaci odpovédi

Jednoduchy priklad:
o Dvouparametricky regulator

o Kartézsky soucin vzorkovanych interval(
> Vyhodnoceni metriky na sadé scénaru

> Pokus o identifikaci ,faulty” kombinaci




a d BetaPID — adaptivni PID regulator

2.5

Konkrétni prik

* 3 regulatory, vSechny maji na vstupu 2 parametry
* Jenu 2 lze vymezit fyziologicky prijatelné regiony

* Legenda:
« Cervend — pravdépodobné smrtelné

Default basal insulin rate [U/hr]

> V4 v L4 v v V4 057
e Zluta —na hrané, potencialné nebezpecné
e Zelena — nejlépe jak regulator umi . , , | | | , , , ,
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Regulator gain (unitless)
LGS — standard |écby, ma certifikaci OpenAPS/orefl — DIY Fegeni
25 2.5
2.0 20
S 1.5 ? 15
E 1.0 é 1.0
0.5 S 0.5
0 1 I 1 I 1 0 L 1 1 L 1 1 I 1 )
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Low-glucose threshold [mmol/L] Insulin sensitivity factor [mmol/L*U]



Nositelna zarizeni

Mobil, hodinky, fitness naramky, pasy, ale i CGM senzory a jiné

Spousty senzorU

o Spousty dat

° Spousty moznosti
Akcelerometr
Magnetometr
Senzor svétla
GPS
Senzor srdec¢niho tepu
Senzor elektrodermalni aktivity
Senzor krevniho tlaku
Senzor miry okysli¢eni krve




Nositelna zarizeni - data

Personalizovana medicina?
o Personalizace lé¢ebnych modelt

Telemedicina?
o Lékar ma vzdy k dispozici aktualni data
> Rodi¢ ma k dispozici data svého ditéte

Vyvoj novych modeld?
o Datova mnozina pro prvotni cross-validaci



Nositelna zarizeni - data

Problémy?




SmartCGMS

Systém vyvijeny zde na katedre
Framework pro analyzu signalQ

Navrzeny tak, aby dosahoval produkénich kvalit
Odolnost proti chybam

o

o

Verifikovatelnost

o

Jednoduchost
Stabilita
Prenositelnost

o

o

o

Efektivita, Uspornost

Podporuje jak simulace, tak , ostry“ provoz




SmartCGMS

Implementace rozdélena do modult rlznych typ(
o Filtr

° Model

° Signal

° Solver

Metrika

o

o

Kazdy modul lze verifikovat samostatné
> Vlyrazné ulehcCeni v procesu pripadné certifikace

Novy modul = verifikace modulu
° Neni nutné znovu verifikovat cely systém

Snadny prechod od simulace do ostrého provozu
° Vyména modulu



Uziv. vstup,

zadavani jidel

a bolusového

inzulinu

SmartCGMS

Filtry linearné propojené za sebou

Princip predavani zprav (,,zleva doprava“)

Filtr #1

Filtr #2

Senzor

Cte IG ze senzoru

_Inz. Pumpa I.
Cte, kolik pumpa

skute¢né davkovala

Filtr #3

Model
Vypocet aktivniho
inzulinu a jeho

Filtr #4

Model
Vypocet aktivnich

struct TDevice Event ({

cukr( a jejich

inztulinu vstiebavani vstiebavani
Filtr #5 Filtr #6 Filtr #7 Filtr #8 Terminaini
filt
Model Regulator Inz. Pumpa II. Vizualizace il

> Vypocet davky

bolusového inzulinu

Vypocet IBR na
zakladé znamych
signalu

Ovlada inzulinovou
pumpu, nastavuje
IBR

Vizualizuje pribéh

mérfeni a lécby

}i

NDevice Event Code event code;

GUID device id;

GUID signal id;

double device time;

int64 t logical time;

uint64 t segment id;

union {
double level;
IModel Parameter Vector* parameters;
wstr container* information;

}i




SmartCGMS

Sam o sobé back-end — framework, sada komponent a SDK

Front-endy
o gpredict3 — pro vyzkum
° SmartCGMS Mobile — pro monitoring na strané pacienta
> {karus md Diabetes — hra

° Trenazér — pro nové diagnostikované - seznameni s nemoci




SmartCGMS — gpredict3

Signal generator - GCT model v2
Signal mapping - delivered insulin basal rate -> requested insulin basal rate
Signal error - Interstitial glucose vs, GCT model v2 - Interstitial glucese

Signal mapping - GCT madel v2 - COB -> Null (discards the events)

Signal mapping - GCT model v2 - 108 -> Null (discards the events)

Signal mapping - Heartbeat -» Null (discards the events)

Signal mapping - Electrodermal activity -> Null (discards the events)

Signal mapping - GCT madel v2 - Blood glucose -» Null (discards the events)
Drawing

HealthKit dump reader filter
Impulse response filter

Log

Native Scripting

Pattern ist. prediction
Signal decoupling

Signal error

Signal feedback

Signal generator

Signal generator (netwark)
Signal mapping

Signal statistics

Signal value masking
Signal value unmasking
Sin/Ces |G/BG generator
White noise generator filter

Move up I [ Move down [ Remove I Configure

16

- o B 5 & &8 =

Glucose Level [mmol/L] , Insulin[U], Insulin Rate[U/Hr], Carbohydrates[0.1%g]

~

108
Insulin activity

requested insulin b

Hyperglycermja

Hypoglycemia

Null (discards the events)

Carbohydrate intake

0 GPredict3 (SmartCGMS) - C:\Programy\gpredict3\win22\compiled\RelWithDeblnfo\gct2_playground.ini - [Filters window] - o
M3 File Tools Window Help _lax

Applied filters Availabie fiters (B GPredict3 (SmartCGMS) - C:\Programy\gp . gct2_play - [Simulation window] - X
Db Reader Calculated signal @ File Tools Window Help -8 x
Signal mapping - delivered insulin bolus -» requested insulin bolus CSV File Log Replay
Signal mapping - delivered insulin basal rate -> requested insulin basal rate Db Reader Solve
Signal mapping - Physical activity -> Null (discards the events) Db Reader (legacy) Clarke's Grid  Parkes' Grid Mobile - Insuiin
Signal mapping - Skin temperature -> Null (discards the events) Db Writer
Signal mapping - Air temperature -> Null (discards the events) Db Writer (legacy)
Calculated signal - Physical activity detection, Physical activity detection - Detected physical activity Dizbetes Error Grids 2
Signal mapping - Physical activity detection - Detected physical activity -» Physical activity Drawing Inersttal gucnse

File Reader R

31.12.2019 23:00

T T T T
4.1.2020 7:00 5.1.2020 3:00 5.1.2020 23:00 6.1.2020 19:00
Time [day. month. year hour:minute]




MmartCGMS — Mobile

16:38 Y @

(B smartcoms D)

2 i @

16:39 ) @

B} smartcGMs

BLOOD GLUCOSE (mmol/L

3 i @

o

16:39 Y @

iB) SmartcGMS

2 i @

0,

16:58 ) @

3 e '@

< Sensor connection

6:00 9:00 12:00 15:00 18:00 Manufacturer: Medtronic, Inc.
12,49 »
ol //d Model: MMT-7821WW
Last measurement Serial No.: GT7219309M
0
Transmitter status Connected
N/A 12,57 is
mmal/1 p— B e Sensor status: Sensor connected
TOTAL INSULIN (U)
2.0 Sensor expires nedéle 21. Gnora 2021,
Estimated blood glucose Predicted glucose (30min) on: 12:03:08
1.0
Calibration status: N/A
0.0
N/A TOTAL CARBOHYDRATES (g) Calibration pondéli 15. Unora 2021,
Ui 1 expires on: 20:27:06
Battery status N/A

Basal insulin rate No background task

#l @ o &

Forget sensor




SmartCGMS — lkaros méa Diabetes




SmartCGMS — Trenazér

T e BLOOD GLUCOSE (mmol/l)
- 6:00 9:00 12:00 15:00 18:00
- = 11
Babuserj mndn
- Wyberte hodnatu bokusu
Pizend pumay
A rndnové puros seouté

TOTAL CARBOHYDRATES (g)

66
33 A
\\\
0 -
= TOTAL INSULIN (U)
Soutssnd gyveme: 585 mmalL
Primirnd ghykemis zn 24h: LY
v 2.0
@ )
e 0.0

essssssse sesncess enee ..”mnuum.




Dekuji za pozornost

Dotazy, diskuse...




