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Estratificacao dinamica do risco de WHF com ECG de

ambulatorio de derivacao unica implantado e deep
learning

* Worsening heart failure
* ECG de ambulatério de derivacao unica implantado
* Inteligéncia artificial

* Estratificacao dinamica do risco de WHF
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Worsening heart failure @ ESC ESC GUIDELINES

European Heart Journal (2021) 42, 35993726

European Society doi:10.1093/eurheartj/ehab368
of Cardiology

Insuficiéncia cardiaca na Europa
+ Incidéncia 5/1000 person-years adultos 2021 ESC Guidelines for the diagnosis and

* Prevaléncia 1-2% adultos (provavelmente subesti treatment of acute and chronic heart failure
* 1% <55anosvs>10% = 70 anos

* ~1internamento / ano apds diagndstico

* ESC Long-Term Registry:
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Lindenfeld J, et al. Lancet 2021; 398: 991.
Abraham WT, et al. Lancet 2011; 377: 658.
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Worsening heart failure

Vigilancia

 Dispositivos cardiacos eletronicos implant.
« CorVue (Abbott - impedancia toracica
* TriageHF (Medtronic)

* Heartlnsight (Biotronik)
* HeartLogic (Boston Scientific)

* Doentes sem dispositivo?

B & & B *

Heart Sounds Impedance Respiration ctivity Heart Rate 0
S1&S3 Thoracic Rate & Volume Time Spent Active Night
] ] ] ] ]
N Sep2016 Oct2016 Nov 2016 Dec 2016 Jan 2017 Feb2017
multiple sensor jiad e —————e
measurements {> 53 ™ suss aletunen One Alert
. . index crosses
combined into o] threshold A %
a single, simple A . Physician
. . configurable
index with alert 3 Mar 2017 threshold

Sarkar S, et al. Diagnostics (Basel) 2024; 14: 771.
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ECG de ambulatério de derivacao Unica ——
BioMonitor 2-AF

impla ntado G M Euﬁaﬁ
Registador de eventos implantaveis (Implantable Loop Recorder)

* Indicagdes atuais:
* Sincope inexplicada
* AVCcriptogénico
* Palpitacdes

* Fibrilhacao auricular
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Sarkar S, et al. Diagnostics (Basel) 2024; 14: 771.
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ECG de ambulatorio de derivagcao unica

implantado

Registador de eventos implantaveis (Implantable Loop Recorder,

* Inteligéncia artificial
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* Novas capacidades (contador EVs)

* Aumento da especificidade
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Neiman ZM, et al. ] Am Heart Assoc 2024; 13: e032890.
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Inteligéncia artificial

ECG 12 derivacoes
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Schlapfer J, Wellens HJ. J Am Coll Cardiol 2017; 70: 1183.
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Inteligéncia artificial

ARTIFICIAL INTELLIGENCE

LEARNING DEEP LEARNING

1. SUPERVISED . ARTIFICIAL NEURAL
2. UNSUPERVISED . CONVOLUTIONAL NEURAL
3. RE-ENFORCEMENT . RECURRENT NEURAL

TYPE OF Al DESCRIPTION

SUPERVISED Usage of a previously labelled database to predict outcomes of future events.

UNSUPERVISED Identification of previously un-categorised database to predict peculiar relation between the dataset.
RE-ENFORCEMENT Interaction of a machine with its environment using sensors, camera and GPS. It is typically used for robotic interventions.
ARTIFICIAL NEURAL Computing system that analyses and processes information in a similar way compared to the human brain [7].
CONVOLUTIONAL NEURAL Performs analyses of visual images [8].

RECURRENT NEURAL Functions by developing connections between nodes from a directed graph along a dynamic temporal sequence [9].

Yasmin F, et al. Rev Cardiovasc Med 2021; 22: 1095.
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Inteligéncia artificial ot A

layer layer
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Al-ECG analysis

|

Atrial fibrillation detected over a longer period than the ECG

Siontis KC, et al. Nat Rev Cardiol 2021; 18: 465.
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Inteligéncia artificial

ECG 12 derivacoes

* Disfuncao ventricular esquerda
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Attia ZI, et al. Nat Med 2019; 25: 70.
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Estratificacao dinamica do risco de WHF

ECG de ambulatério de derivagdo unica implantado
* Probabilidade de disfuncao VE

5,829 patients with LVEF-ECG paired Data within 7-day

interval
[ Excluded 667 patients with HF
| diagnosis after LVEF measurement

} }

3,514 Patients with No Prior HF 1,648 Patients with Prior HF

Diagnosis Diagnosis

Excluded 1352 patients with EF>40%

l—, Excluded 61

patients with L
EF<=40% . o
3,453 Patients with Ejection 296 Patients with Ejection
Fraction >40% Fraction<40%
[ ]
v

3,749 patients selected for
aECG-CNN model development

!

Convolution
Layer 2

@ E SC European Heart Journal - Digital Health (2024) 5, 435443

European Society  https://doi.org/10.1093/ehjdh/ztac035
of Cardiology

ORIGINAL ARTICLE

Dynamic risk stratification of worsening heart
failure using a deep learning-enabled implanted
ambulatory single-lead electrocardiogram

James Philip Howard ©® 1’*, Neethu Vasudevanl, Shantanu Sarkarz, Sean Landmanz,
Jodi Koehler?, and Daniel Keene'

Convolution
l 3 l Layer |
6,721 ECG-LVEF Pair 6,611 ECG-LVEF Pair \
35,741 ECG-LVEF Pair from 750 patients were from 750 patients were
from 2,249 patients were used to validate the used to test the network
used to train the network
network

Howard JP, et al. Eur Heart J Digit Health 2024; 5: 435.

LVEF<=40%
LVEF>40%
Convolution Convolution Convolution
Layer 3 Layer 4 Layer 5
J \ J
1
Feature Extraction Classification
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Estratificacao dinamica do risco de WHF

ECG de ambulatério de derivagdo unica implantado
* Probabilidade de disfuncao VE

» Precisdo: 75% SASAS 2,247 patients

. Lt . 0
Sensibilidade: 70% Al can identify left ventricular impairment

o Especificida de: 76% using implantable loop recorder ECGs

True positive rate

1 -
0.9 4
0.8 -
0.7 -
0.6 -
0.5 4
0.4 -
0.3 -
0.2 -
0.1 -

AUC0.80

0 02 04 06 08 1
False positive rate

Howard JP, et al. Eur Heart J Digit Health 2024; 5: 435.
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Estratificacao dinamica do risco de WHF

[ |
|

o—+

Start 30 60 9 ...Repeat until
s e . ~ s . — % * End of Follow-up
ECG de ambulatério de derivagao unica implantado Diagnostic Risk | HF Event

* Risco de descompensacao de IC Evaluation 1

Diagnostic Risk ; HF Event
Assessment2 | Assessment 2

Evaluation 2

Assessment 1 EAssessmenﬂ '

.

1021 ILR patients with history of heart failure diagnosis prior to
implant and at least 6 months follow up data

{

—_—eee—————
Diagnostic Risk | HF Event
Assessment 3 | Assessment 3
Evaluation 3

»l Exclude: 51 patients previously included in developing

aECG-CNN network Risk assessment Feature set
High risk Defined as large fluctuations and sustained fluctuations in predicted LVEF.
3 Large fluctuations = (Pmax7-Pmax30 > 0.1) AND (Pmax15-Pmean15 > 0.05)
970 Unique patients Sustained fluctuations = (Pmax7-Pmax15) > 0.08) for >6 Days OR (Pmax7-Pmax30) for >5 Days

Low risk Above conditions not met.
Utilized features Description
Pmax7 The peak probability of LVEF < 40% within the 7-day running average.
Pmax15 The peak probability of LVEF < 40% within the 15-day running average.

Exclude: 61 patients with no EHR data post ILR implant Pmean15 The mean probability of LVEF < 40% within the 15-day running average.
Pmax30 The peak probability of LVEF < 40% within the 30-day running average.

909 patients with continuous EHR data after the implant

Howard JP, et al. Eur Heart J Digit Health 2024; 5: 435.
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Estratificacao dinamica do risco de WHF

Diagnostic parameter Number of Number of HF Hazard ratio P-value
evaluations (%) events (% of evaluations) (95% CI)
Risk group based on aECG-CNN 0.001
Z o H = e H H Low 10637 (85.3) 152 (1.4) Reference
ECG de ambulatério de derivagao unica implantado ;. o nen o P,

* Risco de descompensacao de IC

—~\~ 35,741 eccs

This can identify patients at increased
risk of heart failure hospitalization

Monthly evaluation with subsequent HF hospitalization

4 .

HR =1.89

95% Cl 1.28-2.79
31 p=0001

=
2.
1.
0 - T 7 v 7 7 1
0 5 10 15 20 25 30

Days to event

Howard JP, et al. Eur Heart J Digit Health 2024; 5: 435.
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JACC: HEART FAILURE VOL. 12, NO. 1, 2024

L] o ~ L] N L] L © 2024 THE AUTHORS. PUBLISHED BY ELSEVIER ON BEHALF OF THE AMERICAN
s ' ra l I I (:a a o I n a m I ( :a O rl s‘ :o e COLLEGE OF CARDIOLOGY FOUNDATION. THIS IS AN OPEN ACCESS ARTICLE UNDER
THE CC BY LICENSE (http://creativecommons.org/licenses/by/4.0/)

ORIGINAL RESEARCH

ICD / CRT AND STRUCTURAL INTERVENTIONS IN HF

ECG de ambulatério de derivagdo unica implantado o

A Novel Heart Failure Diagnostic L)
* Heart failure risk score (HFRS) High Risk Score Using a Minimally
AF burden ‘-O< Invasive Subcutaneous Insertable
V Rate during AF Low Cardiac Monitor
] Michael R. Zile, MD,* Rami Kahwash, MD," Shantanu Sarkar., PuD,” J oqi Koel_ﬂer, MS," Todd Zielinski, PuD,"
Sub Culaneous h H|gh Mandeep R. Mehra, MD, MSc, Gregg C. Fonarow, MD," Sanjeev Gulati, MD,' Javed Butler, MD*®
Impedance Medium Prior
Low P( d)
ICM HFRS
_— High . l
Respiration .
Rate —'—'O< Modium Evidence Posterior e
;/ Low €, Bayesian 9
»  Belief ——bP(d' e, ) Sk
Network um
Night High
Heart Rate C 55 Medium Lo
Low
Ple,|d)
Heart Rate Highl Likelihood
Variability Medium
Low

Patient High.
Activity Medium
Low

Zile MR, et al. JACC Heart Fail 2024; 12: 182.
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Estratificacao dinamica do risco de WHF

ECG de ambulatério de derivagdo unica implantado

* Heart failure risk score (HFRS)

A
[ 35 35 .
g EE':: '0101 Lt
3 el P=0.005
(3]
k] 30 30
e HR: 4.0
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T 25 P=0.004 - &9
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5 0 2 > HR: 1.2 «— 10 P =0.04
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g P =0.82
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£ s 2
c
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5 m ’ 0
B LMH LMH LH LMH LMH LMH Low  Med High Low Med High
Subcutaneous Respiration Atrial Nighttime Heart Rate Activity LINQ-HF Risk LINQ-HF Risk
Impedance Rate Fibrillation Heart Rate Variability Duration Score Score

Zile MR, et al. JACC Heart Fail 2024; 12: 182.
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Estratificacao dinamica do risco de WHF

Riscos

* Generalizacao
* Populacgbes
* Qualidade dos dados

* Black-box

How to trust the network?

FaREY
. - ~
- T
/ \ Wrong output = Face
How to find out this is a failure
point?
How to improve the network?

True output = Face
Why face?
Why not somthing else?

How to automatically verify it?
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Estratificacao dinamica do risco de WHF

Futuro

* QOutcomes clinicos
* ALLEVIATE-HF (NCT04452149)
* Reveal LINQ com RAMware investigacional
* Mortalidade CV, eventos IC, alt. KCCQ, alt. teste 6 minutos de marcha
S

, real-time

* Custo-efetividade

* Modelos hibridos = risk prediction
* Wearables g (ej
)
* Regulamentacao Mhlfimodat |
* Ciberseguranca ICM ’ /\
high risk

low risk

Bauer A, Dlaska C. Eur Heart J Digit Health 2024; 5: 397.
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