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Nieinwazyjny monitoring we wczesnym
wykrywaniu migotania przedsionkow

Non-invasive Monitoring for Early Detection
of Atrial Fibrillation

NOMED-AF

Projekt w ramach Strategicznego Programu Badan
Naukowych i Prac Rozwojowych - STRATEGMED II
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NOMED-AF — Zadania ITAM

Opracowanie przenosnego urzadzenia -
w postaci bransolety - wraz z wbudowanym
oprogramowaniem dla detekcji AF,

oraz wytworzenie produktu do badan klinicznych.

Ocena i optymalizacja czutosci i swoistosci
wykrywania AF przez proponowane urzadzenie.
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Zalozenia funkcjonalne urzadzenia

e tatwosc aplikacji i obstugi urzadzenia z uwzglednieniem
jego przeznaczenia dla 0sob starszych (65+)

e Stabilnos$c¢ dtugoczasowego monitorowania (do 30 dni)
bez utrudnien dla pacjenta

e Automatyczna detekcja AF w oparciu o rejestrowane
sygnaty biomedyczne

* Transmisja fragmentow sygnatu EKG z wykrytymi
epizodami AF do Centralnej Platformy Monitorujacej
— PMP (Patient Monitoring Platform) raz na dobe
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Zalozenia konstrukcyjne urzadzenia - ITAM

e Brak elektrod EKG naklejanych na skore pacjenta
- wykonanie w formie ergonomicznej bransolety zaktadanej na przegub reki

 Modut optycznego sensora do ciagtej rejestracji sygnatu
pletyzmograficznego - fali tetna

* Modut do okresowej rejestracji sygnatu EKG z elektrod kontaktowych

» Algorytm dwuetapowej detekgcji i weryfikacji epizodéw AF na podstawie
sygnatow: pletyzmograficznego i EKG

» Sygnalizacja optyczna i wibroakustyczna zdarzen wymagajacych reakcji
pacjenta

e Zasilanie z baterii tadowalnej, zapewniajace czas pracy do kolejnej zamiany

f urzadzenia i tadowania, w cyklu 24-godzinnym (pacjent otrzymuje dwa
. urzadzenia)
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Urzadzenie: Bracel-AF
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Urzadzenie: Bracel-AF

Kluczowe elementy urzadzenia: modut sensora do ciagtej rejestracji sygnatu
pletyzmograficznego i elektrody do okresowej rejestracji sygnatu EKG

__optyczne elementy
sygnalizacyjne

zewnetrzna
elektroda EKG

wewnetrzna
elektroda EKG

sensor
pulsoksymetryczny
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/ Scenariusz uzycia urzadzenia: Bracel-AF

Ciagta rejestracja sygnatu pletyzmograficznego (PPG)
Detekcja epizodéw - ,podejrzenie wystapienia AF”
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/ Scenariusz uzycia urzadzenia: Bracel-AF

Epizodyczna rejestracja sygnatu EKG
Weryfikacja wystapienia AF




Scenariusz uzycia urzadzenia: Bracel-AF

Okresowa zamiana urzadzenia (co 24h)
dla zapewnienia ciggtego monitorowania
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Stacja dokujaca:

- tadowanie baterii

- odebranie danych
z urzadzenia i transmisja
do PMP (Patient
Monitoring Platform)
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Ptytka drukowana z elementami elektronicznymi
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Schemat blokowy modutu elektroniki i oprogramowania

Sygnalizator piezo
Silnik wibracyjny

Diody LED
PWM AT
Modut P1 Modut P2 Modut P3 Modut P4
ikaci Usart1
Timer Zegar czasu O.b sfuga Komunolkaqa " SIG60
systemow rzeczywistego dzwieku ZRIBtec]
y y y g i wibracji bazowa
Modut P5 Modut P8
SPI SDIO
ADS1292 |[<«——— | Akwizycja Program Obstuga karty —»| Karta SD
EKG Gtowny pamieci SD
Modut P6 Modut P11 Modut P9
SPI Obst Kontroler
AFE4403 |<«— Silga Algorytmy przetwarzania Kontrola tadowarki
optycznego iecia ak i akumulator
inika HR - ' napigcia aku.
G2 - ocena jakosci sygnatow PPG, EKG
- klasyfikacja aktywnosci ruchowej
- wyznaczanie HR z PPG
Modut P7 - wyznaczanie HR z EKG Modut P10
- detekcja AF z PPG
LIS2DE ~ [«—»|Obsluga . detekc}a AF 7 EKG Aktualizacja

akcelerometru

- analiza bledow detakc;ji

firmware’u
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--'Sman Control - Bracel-AF state machine

STATE: ACQUISITION

PPG ACQUISITION:
NO SKIN CONTACT

High ambient light OR Low ambient light AND

STATE: DOCKING

No pulsating component

Low reflected light OR High reflected light ~ AND
Pulsating signal component

CHARGING &
SENDING DATA FILES

|

PPG ACQUISITION:
HR DETERMINATION Al files

sent

Hgart r.ate Heart‘rate 1
invalid valid CHARGING >

7~ PPG ACQUISITION: 1 | |
\ AF DETECTION Al files received. A

to be received

Firmware upload
[ Scuﬁ’mwr?’e file. to be received finished
atiery cnarging.
Timeout: if g
Top electrode
. not touched AF detected RECEIVING FILES >
Timeout:
ECG acquisition
finished ~ |
/ ECG+PPG ACQUISITION: Alll files received. Firmware file
). ECG TOUCH REQUEST NﬁBﬁftf;‘”VaE”me- received
aftery full.
Top electrode Top electrode
released touched Bﬁgﬁw ( FIRMWARE UPDATE >
—‘/ECG+PPG ACQUISITION: New file
NORMAL
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Para sygnalow PPG i EKG - Platforma Pacjenta

Adnotade Widok Narzedzia 2o T TV oDCzZYTU
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Sygnaty ECG i PPG - warunki idealne
1 100% zgodnosci HR z ECG i z PPG

Analiza sygnalow, wyznaczanie HR
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Detekcja AF — ocena skutecznosci
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Opis bazy sygnatow:
The MIT-BIH Atrial Fibrillation Database (from PhysioNet.org)

This database includes 25 long-term ECG recordings of human subjects with atrial
fibrillation. The individual recordings are each 10 hours in duration. The original analog
recordings were made at Boston's Beth Israel Hospital using ambulatory ECG recorders. The
rhythm annotation files were prepared manually by experts; these contain rhythm
annotations of types AFIB (atrial fibrillation), AFL (atrial flutter) and N (used to indicate all

other rhythms).

Goldberger AL, Amaral LAN, Glass L, Hausdorff JM, Ivanov PCh, Mark RG, Mietus JE, Moody
GB, Peng C-K, Stanley HE. PhysioBank, PhysioToolkit, and PhysioNet: Components of a New
Research Resource for Complex Physiologic Signals. Circulation 101(23):e215-e220; 2000
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Detekcja AF — ocena skutecznosci
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The MIT-BIH Atrial Fibrillation Database ... ECG signals: All = 250h, AF = 106h

: AF dev. —
wyznaczone AF ref. — wzorcowe z bazy
algorytmem
ITAM AFref. =1 AFref. =0
AF dev. =1 TP =77,9h FP = 6,6h
AF dev. =0 FN =6,7h TN = 122,7h

Skutecznos¢ detekcji
93,7 %

Czutosé =92,0%

Swoistos¢ = 94,9%




Analiza sygnalow, wyznaczanie HR

Sygnaty PPG - dobra jakos¢




Analiza sygnalow, wyznaczanie HR

Sygnaty PPG - niska jakos¢




Detekcja AF — wnioski

e Teoretyczna skutecznosc detekcji okresdw AF dla dobrej jakosci sygnatu

PPG przy brak auktywnosci fizycznej osoby badanej przekracza 90%

e W skrajnym przypadku, przy wysokiej aktywnosci fizycznej bieg lub inne
zajecia sportowe, obstuga urzadzen mechanicznych istotnie sie zmniejsza

(nawet do kilkunastu procent)

e Rzeczywista skutecznosc detekcji okresow AF w ciggu doby zalezy od

czas trwania podwyiszonej aktywnosci fizycznej osob w grupie 65+




Whioski z testow rejestratora bransoletkowego

W listopadzie 2016 roku na posiedzeniu podsumowujgcym badania urzagdzen Komitet
Naukowy Projektu stwierdzit, ze zgodnie z obowigzujgcymi obecnie wytycznymi (“2016
ESC Guidelines for the management of atrial fibrillation developed in collaboration with
EACTS”), wykrycie epizodu migotania przedsionkow wymaga jego potwierdzenia

w zapisie EKG. Oznacza to, ze urzgdzenie monitorujgce powinno zawsze w momentach
wykrycia AF rejestrowac jednoczes$nie sygnat EKG.

Rejestrator bransoletkowy, ktdrego dziatanie bazuje na analizie sygnatu PPG, nie zawsze
rejestruje sygnat EKG w momentach wykrycia epizodow AF (zalezy to od dobrej woli
pacjenta, ktory po sygnalizacji powinien przytozy¢ palce drugiej reki do elektrody
rejestratora). Analiza przeprowadzonych sesji monitorowan wskazuje, ze w rzeczywistych
warunkach pacjenci (z réznych powoddw) nie zawsze wykonywali t3 czynnosc.

Zaproponowano modyfikacje urzadzenia bransoletkowego wprowadzajaca
jednokanatowy zapis EKG metodgq ciggta (a nie tak jak dotychczas - na zgdanie).
Umozliwia to dotaczenie do rejestratora bransoletkowego przewodu zakonczonego
elektrodg EKG klejong w okolicy obojczyka.



ﬂmodyfikowana wersja rejestratora bransoletkowego
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( Przyklad uzycia rejestratora bransoletkowego




Whioski i dalsze plany:

* Przeprowadzenie dalszych badan zmodyfikowang wersja rejestratora nadgarstkowego
umozliwi ekstrakcje dodatkowych cech sygnatu PPG (innych niz zmiennos¢ HR)

charakterystycznych dla epizodéw AF.

* Retrospektywna analiza zebranej bazy sygnatow umozliwi opracowanie nowych
algorytmow ekstrakgji i klasyfikacji cech sygnatu EKG i PPG dla potrzeb detekcji zjawiska

migotania przedsionkow.

e Uzyskane wyniki badan umozliwig wdrozenie i rozpowszechnienie, matych i nieuciazliwych
dla pacjenta, urzadzen wykrywajacych migotanie przedsionkéw. Pozwoli to na objecie
monitorowaniem (screening) duzej grupy pacjentow bez koniecznosci korzystania

2 drogich i skomplikowanych w uzyciu, wielokanatowych rejestratorow EKG.






Whioski i dalsze plany:

e Pozyskane sygnaty PPG zsynchronizowane z sygnatami EKG oraz uzupetnione
0 adnotacje informujgce o wykryciu epizodéw AF (przez eksperta klinicznego
oraz urzadzenie wszczepialne), beda stanowic¢ unikalny zbidr danych, o duzej

wartosci naukowo-badawczej w obszarze medycyny i inzynierii biomedycznej.

e Tak przygotowane dane po zamieszczeniu w internetowym serwisie
PhysioNet.org, udostepniajacym réznorodne bazy sygnatow fizjologicznych,
beda stanowi¢ unikalng oraz powszechnie dostepna baze wzorcowa dla
potrzeb badan naukowych.

To zapewni jej wysoka cytowalnos¢ w pismiennictwie.
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recordings were acquired in the Department of Obstetrics at the Medical University of
| Silesia, by means nftha KOMPNREI cvetem far acayisition and analysis of fefa)
electrocardiogram (ITAM Institute, Zabrze, Poland). :ach recording comprises four
differential signals acguirca iommacimar aoasmen and the reference direct fetal
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Atrial Fibrillation Episodes Detection Based on

Classification of Heart

Norbert Henzel
Institute of Medical Technology
and Eguipment ITAM
Roosevelt’a 118
41-800 Zabrze
Poland
Email henzel @itam. zabrze. pl

Abstract—Atrial fibrillation (AF) is one of the most common
cardiae archvthmia and noarly 1-2 af svery 100 norcanc

was 1o explore the possibility to classify heart beats into two
classes describing the presence or absence of atrial fibrillation.
Point of departure for the classification are features exclusively
determined on the basis of beat intervals. The classification
routine uses @ linear model classifier and the performances
are examined with the use of the MIT-BIH Atrial Fibrillation
Database [57], [58].
I, ATRIAL FIBRILLATION EPISODES DETECTION

In this study, the AF detection is based on classification
of features derived from the Heart Rate (HR). The last can
be determined from ECG or Photoplethysmographic signal
Figure 1 presents an example of HR signal (upper pan) with
marked AF episodes (lower part)
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Heart Rate [by
g

20000
time [s]

Fig. | Heart Rate signal (upper part) with marked Atrial

Janusz Wrébel
Institute of Medical Technology
and Equipment ITAM
Roosevelt’a 118
41-800 Zabrze
Poland
Email: januszw @itam.zabrze.pl

Rate Derived Features

Krzysztof Horoba
Institute of Medical Technology
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Clower part).

The obvious advaniages of considering the AF detection as
a classification problem is the ability to choose the classifier
from @ variety of machine leaming methods with varying
degrees of complexity.

The next stage of this study aimed the definition and selec-
tion of features having the best ability to separate the two AF
states. In a series of introductory simulations several possible
features were investigaled, and finally five of them were
selecied for further processing, The set of selecled features,
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depends on a number of control parameters W, p, I,

b

The control parameter values were determined in a series

Hardware design issues and functional
requirements for smart wristband monitor
of silent atrial fibrillation

. Janusz Wrobel, Adam Matonia, Ewelina Sobotnicka

te of Medical Technology and Equipment TTAM
118 Roosevelt 5t.. 41-800 Zabrze, Poland
oj@itam zabrze pl. jamusz wrobel@itam zabrze pl

In our AF monitor the AFE4403 module was used to dnve
reen light-emuitting diodes, as they ffer a better signal quality
measuring just the pulse, compared to red or mfrared
1.gh| used in pulse oximetry 2 normal operation the
module switches between measuremsent of the reflected and
ambient light miensity in each sampling cycle. Based on the
average values of these two signals, obtamed with the first
order recursive filfer, the Mmtensity of the emuted Light is being
controlled (Fig. 3). Dedicated algorithm s designed to keep the
average value of the signal af an optimal level of about 60% of
ADC ‘measuring range, as well a5 to detect the situations
where the recorder 35 not placed on the wrist.

D. On-demand ECG acquisition

The ECG measurement section of the presemted AF
monitor was based on ADS1292 ntegrated caeuit (Temas
Tnstruments). It is a specialized mo amel
electrocardiographic acquisition. It is equipped with two low

noise programmable gain amplifiers, internal reference voltage
and 3 24-bit sigma-delfa comverier. Additional fimctions
incluge lead-off detection aad flexible power management with.
standby and power-down modes. As being designed for mobile
applications, the module is characterized by very low power
consumption — 335uW/chammel The placement of the analogue
part and the A/D converter in one silicone struchwe results in
high resistance fo electiomagnetic interferences [23].
Resistance to radio interference is also enbanced by EMI filers
placed in analoguc imputs imside the described structuze,

Two silicon-carbon electrodes are placed on the top and
bottom sides of the casing. The bottom electrode remains in
contact with skin as long as the device is placed on the wrist
while he top electrode must be intentionally touched to enable
the electrocardiogram acquisition.

Attt
mmmEm——

Fed. PG, Emmmc;mamm“mmmam

can
mnmn;mpnmmmzhmpum Soms distortions of the PRG-
sizmal can be moticed when patient touches and ralesses the electrode.
etween these episodes @ good quality ECG signal is acquired, with clearly
isible, sharp QRS complexes

Control and signal processing software embedded

m smart wristband monitor of silent atrial fibrillation

Roj, Janusz Wrobel, Adam Matonia, Krzysztof Horoba. Norbert Henzel

Typically the ECG module is switched off and activated
caly When fome distwbances are detected in the pulse wave,
suspected of being associated with the atrial Sbnllaton. During
normal physiological heart activity, manifested in a stable pu]se
wave, the ECG circuit is periodically activated (once every 3
seconds) for a short time period, to emable the "ECG on
demand” fnction The lead-off detection fmction is used fo
check if the patien requested the ECG acquisition by fo
the top electrode. If the ECG module reports disconnection of
the electrode, it can be concluded that top electrode was mot
touched by the patient, fhus the acquisition of the ECG is not
needed. Otherwise, the signal acquisition is cnabled and the
ECG signal is recorded wnti the lead-off is reported again.

II CONCLUSIONS

The wmique AF monitor in 2 form of wristoand was
developed as a part of the rescarch project, in order fo
automatically detect and record the episodes of silent atrial
fbrillation. It was designed as a part of an easy-to-use system
for long-term, non-imvasive heart rhythm monitoring. The
mobile monitor and the system will be primanily validated on a
‘roup of patients with mplanted stnmulating device (ICD) with
fhe bulltin fanctionality of data acquisition and remote
transmission. It will facilitate wmequivocal verification of
diagnostic efficiency of the system created. In fhe futher
stages of the research project the large-scale screening will be
conducted. to obfin scieatific dats of @ great value for wse in
large preventive programs

The success of the project will generate an opportunity for a
synergy between science and industry, whose effects may be of
influenice fo the economy. Firsly, it will resulf in a

development of a movel monitoring system which may be
produced on a mass scale and sold both in Poland and abroad.
A second major economic aspect is a huge cost reduction in
treatment of patients suffering from ischemic stroke. Even
neglecting the diagnostic and therapeutic cost of the AF itself.
it 1s estimated that the treatment of 1ts most acute complication
— ischemic stroke — in Poland alone absorbs 500 million PLN.

carried out to gather reliable
fibrillation (AF) in elderly
project was focused on inventing
in a form of wristband monitor,

Institute of Medical Technology and Equipment ITTAM
118 Roosevelt St., 41-800 Zabrze, Poland
Janusz. wrobel@itam zabrze pl, dawid roj@itam zabrze pl
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othier hand the detection of AF event (detection
eads to starting the ECG chanmel and signaling (by
abration) the request for touchmg the electrode. It
that the patient will not be able o perform the
ement af ouce, because of working or ofer
ach case, after 10 seconds, the program refums o a
mate recording from photoplethysmogram and
aial Sbrillation events. If the patient touches the
d the electrical contact is detected. the recording
ed (usnally o 30 seconds, which is the
enabling fo confim the amial Gbrillation
» the PPG sigoal), Since the Sbrillation is wsually
event, it was assumed that the registration request
after the AF occurs and disappears, 0 as to
ion of the detection results basing on
gam.
acquisition is terminated when the wristband is
the docking station. In fum. the commmmication
ctivated to establish commmication lirk. First, the
fles are being sent to the docking station and.
on it they are deleted from the device
erwards, the docking station is informed that all
already transmitted, and the mobile monitor is
charging state. In this state, the new firmware or
 Eles may be wploaded to recorder sccording 1o

haism was designed fo update the Ermware or
B of all mobile moxitars at the same time, in all the
When o new fimware version is released., it

prevalence of silent AF and recognize the nsk factors of silent
AF in Polish population 63+ Additionally, positive validation
results will allow us to develop a convenient and inexpensive
system for widespread screening in order to detect silent AF

is transmitted to all comnected docking stations, fypically
working at the patients’ homes. Every time a wristband is
connected, the docking station checks its firmware version.
Then all the signal files are ransmitted. and finally, if a more
tecent firmware is available, the docking station sends the file
o the monitor. The recorder recognizes the firmware file by its
extension. and starts the bootloader program. located in a
separate memory area. It erases the main program. replaces it
by the new fmmare and reboots the microcontroller. The
configuration files, in tum, are just saved on the microSD card,
since the tion is read every time the program switches
to Acqusition state.

C. Data Storage and Transmission

The data being acquired are saved to a file in a universal
THBD format dedicated to multichannel recorders of
biophysical signals (Fig. 6). In this format the data are stored in
a binary form, so the file size is optimized The structure of the
binary data is described in the header text using the JSON
format. Thanks to this, the JHBD file can store the data from
single- or multi-chamnel recorders, using any sampling
frequency and any sample resoluion. What's more, it is
possible to save the data from chemnels of different bit
resolution. In this way. a single file contains all the mformation
needed for reading and visualization, mcluding scale factors to
convert the sample values mto the physical quantities.
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Podsumowanie:

 Opracowane, wytworzone i przetestowane w warunkach laboratoryjnych
bransoletkowe urzgdzenie do detekcji epizodow niemego AF oparte na
innowacyjnej i nieuciazliwej dla pacjenta metodzie pomiarowe;j,

posiada duzy potencjat badawczy i wdrozeniowy.

e Zastosowana metoda detekcji AF na podstawie cech krzywej
pletyzmograficznej uzyskanej rejestratorem bransoletkowym stanowi

rozwigzanie oryginalne i innowacyjne.

* Pozyskanie unikalnej bazy sygnatéw PPG i EKG z referencyjnymi danymi
z urzadzen wszczepialnych, istotnie podwyzszy wartos¢ naukowo-badawcza

projektu w zakresie bioinzynierii.
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Alberto G Bonomi, F Schipper, L M Eerikdinen, J Margarito, R Aarts, S Babaeizadeh, H de
Morree, L Dekker, “Atrial fibrillation detection using photo-plethysmography and
acceleration data at the wrist”, Computing in Cardiology, 2016, (Philips)

Background: Atrial fibrillation (AF) is a pathological condition leading to increased risk for embolic stroke
and cardiac hospitalizations. Screening for AF represents a technical challenge because of the paroxysmal
and frequently asymptomatic nature of the condition.

Objective: The aim was to investigate whether an unobtrusive wrist-wearable device equipped with

a photoplethysmographic (PPG) and acceleration sensors could be used to detect AF.

Methods: Sixteen patients (M = 63%, age: 65.2 £ 14.0 y, BMI: 29.7 £ 7.0 kg/m2) with suspected
paroxysmal AF were monitored for 24 hours in outpatient setting using a portable ECG Holter recorder.
Simultaneously, a wrist-wearable device equipped with a PPG and acceleration sensor was used to
monitor heart rhythm and body movement. PPG data were processed to extract the timing of heart
beats and derive inter-beat-intervals (IBl). Acceleration data was used to discard IBl in presence of
motion artifacts. An ECG validated first-order Markov model was used to assess the probability of
irregularly irregular rhythm of AF being present from PPG-derived IBI. AF detection outcome from

the algorithm was compared with adjudications of AF episodes provided by clinical experts after visually
inspecting ECG Holter data.

Results: Four patients experienced 100% AF burden, while 1 patient suffered from atrial flutter. The
remaining patients showed normal sinus rhythm with several premature beats (808 supraventricular,
range 0 —4879; and 656 ventricular premature beats, range 0 — 4795). AF detection was achieved with
97 + 2% Sensitivity and 99 + 3% Specificity. During atrial flutter the algorithm output was non-AF 94.6%
of the time. Due to motion artifacts, the algorithm did not provide AF classification for 36 £ 9%

of the 24 hours monitoring.

Conclusion: A wrist-wearable device equipped with a PPG and acceleration sensor can provide accurate
detection of rhythm irregularities caused by atrial fibrillation in free-living conditions.
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