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THE EVOLUTION OF OUTPATIENT AMBULATORY
CARDIAC MONITORING

Evolution of Outpatient Cardiac Ambulatory Monitoring




heart rhythm monitoring

Few minutes Few months Few years

Mobile cardiac Patch ECG Implantable loop

Taking the pulse 12-lead ECG outpatient telemetry monitoring recorder
(MCOT) (PEM) (ILR)

___________________________________________________________________

Continuous systems of monitoring



Col termine e-Health facciamo riferimento all’utilizzo delle
tecnologie informatiche e di telecomunicazione in ambito
sanitario.

L'm-Health puo esserne definita una sottocategoria
perché riguarda i servizi che sono effettuati attraverso
I’'uso di apparecchi mobili e wireless come smartphone e tablet.
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m-Health ECG Monitoring

*+ handheld electrocardiograph (ECG) recorders
(External Sensors). the handheld ECG recorder is also
based primarily on

o a mobile phone

o mobile phone app interface.

o an additional external component, an ECG sensor unit,
Is required for the app to function adequately.

¢ mobile phone-based on photoplethysmography (PPG
and internal sensor)



Smartphone as 1-lead ECG with automated interpretation
(KARDIA MOBILE-ALIVE COR)
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FDA-cleared algorithm:

®* Normal Detector (HR between 50 and 100 BPM)

® Interference Detector (recording is unreadable)

® AF Detector based on criteria of p-wave absence and R-R interval

irregularity. (In 204 pts, Se 98%, Sp 97%) [Lau JK et al, Int J Cardiol 2013].
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Photopletismography
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Smartphone-based apps using internal sensors

Camera pulsometry (m-PPG)

76 pts with persistent AF

2 min before and after cardioversion using an
iIPhone 4S camera

Se 96.1%, Sp 97.5% in distinguishing pulse
recordings during AF from those in sinus

rhythm.
126 C AF - d Sinus [McManus D et
122 07| al, Heart
@ ] Rhythm 2013]
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98 pts with AF (91 pre and post successful

cardioversion), 15 with PACs and 15 with PVCs: Se
L 97%, Sp 93.5% [McManus D et al, J CV Electrophys 2015]




Limitations of m-PPG

Camera pulsometry limitations
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Diagnostic Performance of a Smartphone-Based
Photoplethysmographic Application for Atrial Fibrillation Screening in

a Primary Care Setting

Pak-Hei Chan, MBBS;* Chun-Ka Wong, MBBS;* Yukkee C. Poh, PhD; Louise Pun, BA; Wangie Wan-Chiu Leung, MBBS; Y u-Fai Wong, MBBS;
Michelle Man-Ying Wong, MBBS; Ming-Zher Poh, PhD:" Daniel Wai-Sing Chu, MBBS: " Chung-Wah Siu, MD'
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Facial m-PPG CardioRhythm application

the CardiioRhythm app was used to analyze facial PPG signals in

217 patients recorded using the front camera of an iPhone 6S without

physical contact

Overall, 3 successive 20-second recordings were acquired per patient. Pulse
irregularity in 1 or more PPG readings or 3 uninterpretable PPG readings were
considered a positive AF screening result.

SE 94.7%
SP 95.8%.
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Detection of Atrial Fibrillation Using a Ring-Type Wearable Device
(CardioTracker) and Deep Learning Analysis of
Photoplethysmography Signals: Prospective Observational
Proof-of-Concept Study

Soonil Kwon'", MD; Joonki Hong”', MSc; Eue-Keun Choi', MD, PhD; Byunghwan Lee’, MSc; Changhyun Baik’,
MSc: Euijae Lee', MD; Eui-Rim Jeong®, PhD; Bon-Kwon Koo', MD, PhD; Seil Oh', MD, PhD, FHRS, FESC: Yung
Yi?, PhD
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MEMS Accelerometer

MEMS (Micro-Electro Mechanical System)
accelerometers and gyroscopes

Pz in posizione supina, porta lo smartphone al torace

Un accelerometro all'interno dello smartphone e’ sensibile
Ai movimenti di apertura della valvola aortica.

Le variazioni atipiche della ritmicita di tale movimento
possono favorire la diagnosi di FA
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16 pts in AF and 23 controls [Landreani et al. IEEE EHB 2017 ]
Supine position, 5 minutes acquisition

Sony Esperia Z and SUMM app (Android), 200 Hz

Se 93.8%, Sp 100%

[Lahdenoja O et al. IEEE J Biomed Health Inf 2017 ]



INTELLIGENZA ARTIFICIALE

L'intelligenza artificiale € un insieme di tecnologie
differenti che interagiscono per consentire alle macchine
di percepire, comprendere, agire e apprendere con livelli
di intelligenza simili a quelli umani. Ecco perché sembra
che le definizioni di intelligenza artificiale siano tutte
diverse: l'intelligenza artificiale, infatti, non € una sola
cosa.

Secondo una ricerca di Frost & Sullivan’s, il mercato dell’ Al in sanita arrivera
a 6 miliardi di dollari nel 2022, con un tasso annuo di crescita del 68%,
generando un risparmio di oltre 150 miliardi di dollari.

Global Market Insights calcola che fino al 2025 si assistera a una
crescita annua del 41,7%.



Deep Learning

Sistemi che
imparano
attraverso reti
neuralisenza
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Machine Learning

Learning

Sistemi che imparano
basandosi su dati

* Machine learning: | Machine Learning e la tecnologia storicamente S
piu antica e piu semplice. i

sorel
neuralisenza
istruzioni umane

O Utilizza un algoritmo che il sistema adatta, solo dopo aver ricevuto
un feedback umano. Un presupposto per 'utilizzo della tecnologia e
I'esistenza di dati strutturati. Il sistema viene prima alimentato con
dati strutturati e categorizzati e quindi capisce come classificare i
nuovi dati a seconda del tipo. In base alla classificazione, il sistema
esegue poi le attivita programmate. Ad esempio e in grado di
riconoscere un cane o un gatto in una foto e di spostare i file nelle
cartelle corrispondenti.

U Dopo una fase iniziale di applicazione, I'algoritmo & ottimizzato dal
feedback umano, che indica al sistema le classificazioni errate e le
categorizzazioni corrette.

Deep Learning

* Nel caso del Deep Learning i dati strutturati
non sono necessari. Il sistema funziona
nelle reti neurali multistrato, che combinano
diversi algoritmi e sono modellate sul cervello
umano. Cio consente al sistema di elaborare
anche dati non strutturati.
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Article

Artificial Intelligence-Enabled ECG Algorithm Based on
Improved Residual Network for Wearable ECG

Hongqiang Li L@ Zhixuan An 1@, Shasha Zuo 2, Wei Zhu 2, Zhen Zhang 3 Shanshan Zhang 14 Cheng Zhang 1
Wenchao Song 1 Quanhua Mao !, Yuxin Mu !, Enbang Li 5 and Juan Daniel Prades Garcia 6C
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Figure 4. Seven types of original ECG data.

ECG acquisition module
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Figure 1. Schematic of overall system structure.
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STANDARD ECG APPLE WATCH li==

Can the Apple Watch replace a standard 12-lead ECG?

Can the Apple Watch complement the execution of a
standard ECG

Sensori a fotodiodi




STANDARD ECG

APPLE WATCH
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Patients (N)
Age (MDzSD)

Hypertension N(%)
Dyslipidemia N(%)
Valvular heart disease N(%)
CAD N(%)

Atrial Fibrillation N(%)
Paroxysmal N(%)
Persistent N(%)
Permanent N(%)

Ectopic Ventricolar beats N(%)
RBB

LBB

WPW

AVNRT

32
42+11

13 (40.6%)
12 (37.5%)
1(3.1%)
6 (18,7)%)
6 (18,7%)
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| W “Apn una nuova ﬁnestra

~1Sei |mpaitn? SI muore di freddo! | | |

Watch4,1 — The waveform is similar to a Lead | ECG. For more information, see Instructions for Use



REVIEWS

") Check for updates

Artificial intelligence-enhanced

electrocardiography in cardiovascular
disease management

Konstantinos C. Siontis, Peter A. Noseworthy, Zachi I. Attia

Hardware

Wearable and implanted
cardiac devices

()

Al-enabled
stethoscope

Mobile single-lead
and multilead ECGs

and Paul A. Friedman@® ™

AI-ECG capabilities in the

Software spectrum of patient needs
Secure
data sharing Screening Diagnosis
Fully automated,
human-like

interpretation of ECGs

Detection of asymptomatic
cardiovascular disease

Natural language
processing

—_— (atrial fibrillation, hypertrophic
_ cardiomyopathy, left
Computational ventricular dysfunction)
POMEY Physiological and
structural cardiovascular
phenotyping Treatment
TelermeaRats Prognosis selection and

monitoring

NATURE REVIEWS | CARDIOLOGY

Implementation of AI-ECG

Core AI-ECG laboratory with automated
throughput of large volumes of data

One-step interface between
user and AI-ECG output

Low-cost implementation with
widely accessible tools

Live integration with electronic medical
records and external feedback loop for
continuous validation

Secure data exchange of
patient-owned data

VOLUME 18 [JULY 2021 | 465
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Normal sinus rhythm. Normal ECG Results (screenshot from AI-ECG Dashboard)
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ECGDate MainRhythm ‘oot QT/QTe ';';: EAC: ""(',':‘)"’ LA (“;‘)’ . P;‘;’)‘F n:g;:m
XX/XX/2019 Atrial flutter 116 326453 922 720  1742%  059% 6563%  001%
XX/XX/2019 Sinus tachycardia 109 356477 22 197 1635%  093% 0B52%  001%
XX/XX/2019 :‘;h"‘: sivus 59 426488 921 97 171% 039% 9294%  003%
XX/XX/2019 Sinusthythm 92 398492 921 757 1.55% 1.87% 7884%  022%
XX/XX/2014 :gl":;’ sinus 6o 434465 867 815 104% 1.11% 65.15%  0.10%
XX/XX/2007 :‘;‘;’h“: smas S s 456/466 797 129 057% 0.75% 1056%  0.18%
XX/XX2006 mm 9 36463 786 49 294% 1.77% 1028%  0.08%
XX/XX/2004 :‘;’m’“m"’ OGS R 448454 766 153 299% 063% 1071%  0.18%
XX/XX/2003 :‘h‘;"’;:’ sinus gy 4361460 755 750 0.13% 057% 175%  035%
XX/XX/2002 :“ym‘“: R o 4361449 TS 769 239% 0.59% 15.00%  0.04%
XX/XX/2000 JOTALSINS - 74 404445 T34 715 0.59% 1.05% 261%  0.10%
XX/XX/1999 ?h"y"]‘“: sous g 388/461 724 725 1.66% 0.53% 148%  001%
XX/XX/1998 :\""ym“:: i 420456 713 701 191% 0.70% 042%  0.10%
XX/XX/1997 :‘h"‘y‘h”:’ sins  gg /A6l 704 09 039% 0.55% 045%  0.10%
XX/XX/1996 :;3:: sinus  gg 416/442 694 696  046% 121% 024%  0.15%
XX/XX/1995 :‘;"h“:' smER 444/472 684 658  099% 0.71% 050%  0.17%

Pts whith ESUS that presented an elevated risk of cardioembolic stroke (Afib) several years befol
The first stroke
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I computer sono
inutili. Sanno dare
soltanto risposte.

(Pablo Picasso)

Il vero pericolo non e che i computer
inizino a pensare come gli uomini,
ma che gli uomini inizino a

pensare come i computer.

(Sydney J. Harris)



