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PERCENTAGE OF 30-DAY READMISSIONS BY DAY (0-30)
FOLLOWING HOSPITALIZATION FOR HEART FAILURE

30-day readmissions 24.8% readmitted

) 13.4% of 30-day readmissions (Day 0 - Day 3)

[ 31.7% of 30-day readmissions (Day 0 - Day 7)
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JAMA. 2013 January 23; 309(4): 355-363.




HF MANAGEMENT

Filling pressures

increase
Sympathetic
activation;
Impedence reduction
Stable NYHA Class E.R.
Hospitalization
Optivolemia; Symptoms or
Stable NYHA Class Increase of weight
Days > 30 21a-7 6a-2 0a5
AN
I_ ________ I Y V
, NEWACTIVE | pRE-ACTIVE PHASE REACTIVE PHASE






Esami I Misurazioni HGraﬁcotemporale misurazioni I

Tipo grafico: |Linee

[ Grafico 3D

R
L S

e e e e e e sy
RS R NS R S T

el SRR
A s
I

B aNE

P SR

&
T

'
2,

. g
v

1004----

L

95 pnanhs
90 +----
SD_,,,.,
704----
654----
604----
504----

< 1

254---

154----

o

i S

10f----

031014 031014 031014 03M0M14 0311014 031014 031014 031014 031014 031014

19/0714

18/07/14

18/0714

[I?

18/0714

18/07/14

- Peso corporeo (Kg)

W -

[W === Grasso totale (%) [V === Massa muscolare (Kg)

== Acqua totale (%)

¥ == Indice grasso viscerale ()

|V === Massa ossea (Kg)
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Daily Weight Change, Mean
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Figure 1. Daily weight change before heart failure hospitaliza-
tion: cases vs controls. n=268. “Days” on the x-axis denotes
days before hospital admission in case patients. The difference
in daily weight changes between case and control patients
within 30 days before (case) hospitalization was statistically sig-
nificant (P<0.001) on the basis of a generalized linear model
with daily weight change as the dependent variable.
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=» W Wireless pulmonary artery haemodynamic monitoring in
chronic heart failure: a randomised controlled trial

William T Abraham, Philip B Adamson, Robert C Bourge, Mark F Aaron, Maria Rosa Costanzg Lynne W Stevenson, Warren Stridkland
Suresh Neglagaru, Nirav Raval, Steven Krueger, StanislavWeiner, Dawd Shavele Bradley/|effries, Jay 5Yaday, fior the CHAMP ON Trial Study Group®
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Flgure1: Implantable haemodynamic monitoring system

(&) Cardich EMS sensor or transmitter. (B ) Transcatheter i implanted into adistal branch of the descending pulmonary artery. () Patient is instructed to take daily
pressure readings from home wsing the home ekctronics. (D) Information traremitted from the monitoring system to the database & immediately availble to the
investigators for review. (E) Trarsmitted information consistsof pressure trend information and indvidual pulmonary artery pressure waweforms.
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Multiparametric Implantable Cardioverter-
Defibrillator Algorithm for Heart Failure Risk
Stratification and Management

An Analysis in Clinical Practice

Leonardo Cald™, MD; Valter Bianchi®®?, MD; Donatella Ferraioli, MD; Luca Santini, MD; Antonio Dello Russo, MD;
Cosimo Carriere, MD; Vincenzo Ezio Santobuono®®, MD: Chiara Andreoli®?, MD; Carmelo La Greca, MD;

Giuseppe Arena', MD; Antonello Talarico, MD; Ennio Pisand®, MD; Amato Santoro®®, MD; Massimo Giammaria(, MD;
Matteo Ziacchi, MD; Miguel Viscusi, MD; Ermenegildo De Ruvo, MD; Monica Campari, MS; Sergio Valsecchi®®, PhD;
Antonio D'Onofrio, MD

BACKGROUND: The HeartLogic algorithm combines multiple implantable cardioverter-defibrillator sensors to identify patients
at risk of heart failure (HF) events. We sought to evaluate the risk stratification ability of this ithm in clinical practice.
We also analyzed the alert management strategies adopted in the study group and their associ with"the occurrence of
HF events. o

METHODS: The HeartLogic feature was activated in 366 implantable cardioverter-defibrillator and cardiac resynchronization
therapy implantable cardioverter-defibrillator patients at 22 ‘centers: The median follow-up was 11 months [256th—75th
percentile: 6—16]. The HeartLogic algorithm-calculates a-daily HF index and identifies periods IN alert state on the basis of
a configurable threshold.

RESULTS: The HeartlLogic index crossed the threshold value 273 times (0.76 alerts/patient-year) in 150 patients. The time
IN alert state was 11% of the total observation period. Patients experienced 36 HF hospitalizations, and 8 patients died of
HF during the observation period. Thirty-five events were associated with the IN alert state (0.92 events/patient-year versus
0.03 events/patient-year in the OUT of alert state). The hazard ratio in the IN/OUT of alert state comparison was (hazard
ratio, 24.53 [95% Cl, 855-70.38], A<0.001), after adjustment for baseline clinical confounders. Alerts followed by clinical
actions were associated with less HF events (hazard ratio, 0.37 [95% CI, 0.14-0.99], P=0.047). No differences in event
rates were observed between in-office and remote alert management.

CONCLUSIONS: This multiparametric algorithm identifies patients during periods of significantly increased risk of HF events.
The rate of HF events seemed lower when clinical actions were undertaken in response to alerts. Extra in-office visits did not
seem to be required to effectively manage HeartLogic alerts.

REGISTRATION: URL: hitps://www.clinicaltrials.gov; Unique identifier: NCT02275637.



Results

The HeartLogic feature was activated in 366 ICD and CRT-D patients at 22 centers.

During a median follow-up of 11 months, 273 HeartLogic alerts occurred (0.76 alerts/patient-year) in 150
patients and the time IN the alert state was 11% of the total observation period.

MultiSENSE: 1.6 alerts/patient-
year
Capucci et al.: 0.99

Santini et al.: 0.93 alerts/patient-
. . year
HeartLogic Alerts and Heart Failure Events

During the observation period,
v' 21 patients experienced 36 HF hospitalizations
v 8 patients died of HF
The rate of hospitalizations or death due to HF was 0.12/patient-year




§ - Unadjusted Hazard Ratio
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» 35 events occurred in the HeartLogic IN alert state (an event rate of 0.92/patient-year)
* 9 events occurred in the HeartLogic OUT of alert state (a rate of 0.03/patient-year)

Comparison of the event rates in the IN alert state with those in the OUT of alert state yielded a
hazard ratio (HR) of 30.63 (Figure 1)



Table 2. Univariate Analysis of Variables Associated With a

HF Event
P-value
24,53
Heartlogic alert H— <0.001
Male sex 0.45 0.17-1.18 0.106
Age 1.01 0.95-1.08 0.716 2,00
‘Chronic kidney disease . 0.110
NYHA class 2.80 0.96-3.38 0.067
LV ejection fraction 0.99 0.94-1.04 0.613
a 0.222
AF history 1.75 1.20-2.67 0.004 AF history - '
Coronary artery disease 117 0.42-3.21 0.768
Diabetes 212 0.72-6.26 0.172
COPD 3.07 0.94-8.56 0.066 01 % 10 100
Chronic kidney disease 3.bb 1.29-9.76 0.014 HAZARD RATIO
Hypertension 0.81 0.30-2.21 0.685
CRT device 142 0.46-4.35 0544 Flg'u re 2. Multivariate a!\alysus. ‘ :
3 Patients had a 24.53-fold increased risk of an heart failure event after
HeartLogic Alert 30.63 13.04-71.95 <0.001

HeartLogic alert, after adjusting for clinical variables. AF indicates
AF indicates atrial fibrillation; COPD, chronic obstructive pulmonary disease; atnal fibnllation.

CRT, cardiac resynchronization therapy; HF, heart failure; LV, left ventricle; and

NYHA, New York Heart Association.




Results

Alert Management and Association With Heart Failure Events
Of the 273 HeartLogic alerts:

No differences in event rates were noted

QO 204 (75%) were managed remotely (no extra in-office visit) ‘ between in-office and remote alert

management (Figure 4B).

O 107 (39%) were associated with symptoms of HF worsening (at the time of the first remote examination)

The most frequent symptoms reported were:

v' worsening of dyspnea on effort or at rest in 93 (87%)

. . C
v’ fatigue in 65 (61%) - o
4 Orthopnea in 22 (21%) Unadjusted Hazard Ratio Unadjusted Hazard Ratio
7 "7 099,05%C1:037-2.68, p=0993 2“7 5.23,95% 1: 1.98-13.83, p<0.001
£ z
2 4 1 ¥ Mo symgtoms reparted
Jé In-office management g —— Symptoms repered
.§ 20 4 —— Remole management | |' .g 20 4
Ed 10 E ,-—-—I ¥ 10
The presence of HF symptoms at the time of R sl , . _
HeartLogic threshold crossing was associated LR T S s WL s
with a higher risk of HF events(Figure 4C). § 5 offce managemet § 5 Nosmpiomsreparied
3. ® 5B 44 2 17 10 4 -] ; 166 140 a7 vl 2 15 7
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£ § 204 169 95 a3 26 19 a8 é §_ 17 B7 52 28 11 13 5

Figure 4: Kaplan-Meier curves for time to first heart failure (HF) event.
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Results

O 117 (43%) triggered clinical actions:

The most frequent actions taken to manage the HF condition detected by the alert were (multiple actions per alert):

v' 66% diuretic dosage increase

v 34% other drug adjustment

v' 6% patient education on therapy adherence
v 3% device reprogramming

Taking clinical actions in response to the
HeartLogic alert was associated with a lower
risk of HF events(Figure 4A).

| Santini et al.:
0

A possible bias: HF events occurred early after the alert, which may not have
allowed any action to be taken. A new analysis was performed starting at day 7
(weekly re-alert notification). l

The result was confirmed, with a lower rate of events associated with alerts
followed by clinical actions: HR, 0.34 (95% Cl, 0.12-0.96), P=0.047

b -
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1 Unadjusted Hazard Ratio
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Figure 4: Kaplan-Meier curves for time to first heart failure (HF) event.
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Conclusions

HeartLogic is able to identify patients during periods of significantly increased risk of heart failure events.

r

The use of HeartLogic may enable an efficient use of healthcare resources for the
management of patients with HF (the time IN alert state is much shorter than that of OUT of alert state

periods).

When clinical actions are undertaken in response to alerts, the rate of heart failure events seems lower.

r

The rate of alerts is low, and this would not generate a high workload at the centers in case

an alert based management strategy was adopted.

The absence of an in-office visit after a HeartLogic alert did not impair the patient’s outcome.

r

HeartLogic alerts may be safely managed remotely, without increasing the workload of the

clinic.

The presence of symptoms at the time of HeartLogic alert was associated with a higher risk of HF events.

r

Verification of symptoms seemed useful to better stratify patients at risk of HF events.
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Conclusions

Comparison with other studies

RELATIVE RISK of HF event

PARTNERS-HF 5.5 times

(Whellan et al. 2010) (positive HF diagnostic algorithm Vs negative HF diagnostic algorithm)

TRIAGE-HF development* 10 times TRIAGE-HF

(Cowie et al. 2012) (High vs Low risk score) Algorithm

MORE-CARE 6.3 Times

(Burri et al. 2018) (High vs Low risk score)

MultiSENSE 22 Times

(Gardner et al. 2018) (HL IN alert state Vs HL<2)** .
HeartLogic

HeartLogic Italian Group 24 Times .

(Calo et al. 2021) (HL IN alert state Vs HL out of alert state) Algonthm

The algorithm evaluated by Cowie and Burri is not equipped with an alert, and periodic evaluations are needed to assess the risk status.

* Data from different study: PARTNERS-HF, SENSE-HF, Italian Clinical Service Project, OFISSER, CONNECT, FAST and PRECEDE-HF
** Similar condition of TRIAGE-HF
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Combining Home Monitoring temporal trends
from implanted defibrillators and baseline
patient risk profile to predict heart failure
hospitalizations: results from the SELENE HF
study
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Aims We developed and validated an algorithm for prediction of heart failure (HF) hospitalizations using remote mani-
toring (RM) data transmitted by implanted defibrillators.

Methods The SELENE HF study enrolled 918 patients (median age 6% years, 81% men, median ejection fraction 30%) with

and results cardiac resynchronization therapy (44%), dual-chamber (38%), or single-chamber defibrillators with atrial diagnos-

tics (18%). To develop a predictive algorithm, temporal trends of diurnal and nocturnal heart rates, ventricular
extrasystoles, atrial tachyarrhythmia burden, heart rate variability, physical activity, and thoracic impedance
obtained by daily automatic RM were combined with a baseline risk-stratifier (Seattle HF Model) into one index.
The primary endpoint was the first post-implant adjudicated HF hospitalization. After a median follow-up of
22 5months since enrolment, patients were randomly allocated to the algorithm derivation group (n=457; 31
endpoints) or algorithm validation group (n=461; 29 endpoints). In the derivation group, the index showed a
C-statistics of 0.89 [95% confidence interval (Cl): 0.83-0.95] with 2.73 odds ratio (Cl 1.98-3.78) for first HF hospi-
talization per unitary increase of index value (P<0001). In the validation group, sensitivity of predicting
primary endpoint was 65.5% (Cl 45.7-82.1%), median alerting time 42days (interquartile range 21-89), and fake

(or unexplained) alert rate 0.69 (Cl 0.64-0.74) [or 0.63 (Cl 0.58-0.68)] per patient-year. Without the baseline risk-
stratifier, the sensitivity remained 65.5% and the false/unexplained alert rates increased by ~10% to 0.76/0.71 per
patient-year.

Conclusion With the developed algorithm, two-thirds of first post-implant HF hospitalizations could be predicted timely with
only 0.7 false alerts per patient-year.
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Derivazione dell’algoritmo

Risultati analisi cross-sectional Seattle Heart Failure Model
(Rischio individuale a baseline come
variabile di aggiustamento) e . .
Modelli logistici univariati Modello Ioglstlco multivariato

Unadjusted OR !
Variable Time scale (95%Cl) P /\/\/\/-\/-\/-\

Heart
. - SHFM Atrial Patient Extra-
Monotone increase in 90 days 1.04 (1.02-1.06) <0.001 score heart rate at I~ purden activity I systole
24h HR moving average \ra-te/ \rest/ \/ \/ \/ \i/

Instable nocturnal HR 45 days 1.14 (1.06-1.22) <0.001 v )
Monotone decrease in 90 days 1.16 (1.09-1.24) <0.001

HRV moving average

24h activity
docrease 25 days 0.96 (0.94-0.99) 0.008 1.004
Atrial burden > 0% in N Rischio per incremento unitario del
2° h 7 days 1.24 (1.06-1.46) 0.008 valore dellindice
4 0754 OR, 2.73 (1.98-3.78), p<0.001
Increase in moving Range
average V extrasystoles 45 days 1.17 (1.04-1.30) 0.006 ottimale per la
soglia Area sotto la curva ROC
Monotone decrease in 0.50 nominale 0.89 (95%CI, 0.83-0.95)
Thoracic impedance 90 days 1.08 (1.04-1.12) <0.001
moving average Nominal Threshold (NT) ottimale
0.254 Range: 3.5 - 4.5
OOOA T T T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.8906

28



24h HR
(bpm)

Night HR
(bpm)

HRV (ms)

24h Activity
(%)

AHRE burden
(%)

impedance
(Ohm)

8 8 o % 8 3

& ¥ 8e

]

erNwawnald
PSP ——




Index values
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AHRE burden

24h Activity 4%
7%

24h HR

PVC/day
25%

8%

SHFM
1%

Resting HR

12% 20%

HRV
13%

The relative contribution of all seven components to the index value, averaged
for the last 7 days before 60 primary endpoint events



Validazione
dell’algoritmo

Curve ROC modificate (sensibilita vs. tasso di allarme
falso/unexplained) nel gruppo di derivazione e
validazione

L'indice performava in modo simile nei
due gruppi

In relazione alla soglia NT selezionata, la
sensibilita aumentava con il tasso di
allarmi falsi/unexplained

Anche con una sensibilita massimo
dell’80%, il tasso di allarmi unexplained
non superava mai 1.25 per paziente-anno

Sensitivity

Derivation cohort

Validation cohort

25 i 7o 1

I
1.25

15 0

29
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false/unexplained alert rate (ppy)

—=e— False
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Benefit of Multifactorial Approach

Patient A—— Two Observed Cases —— Patient B

Which patient
had a Heart Failure Event?




Benefit of Multifactorial Approach

Patient A—— Two Observed Cases —— Patient B

Multi-sensor Changes before a HF Event
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Medical ID

Derek Parker
April 1, 1978 (42 years old)

Hypertenalon

In case of emergency, please call
Emily Parker.

Pranuts

Lisimapril (10mg by mouth once a day)
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Data di nascita: 16 set 1952 (Eta: 68) Data di registrazione: 14 set 2021 - 21:15

Fibrillazione atriale — W 70 EPM in media
L’ECG mostra segni di fibrillazione atriale.
Se non ti aspettavi questo risultato, rivolgiti

a un medico.
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25 mm/s, 10 mm/mV, Elettrodo |, 512 Hz, i0S 14.8, watch0S 7.3, Watch,1, Versione algoritmo 2 - L'sndamento della forma d'onda & simile & quello di un ECG di tipo “Derivazione
I”. Per ulteriori i ioni, lei: ioni d'uso.




Data di nascita: 16 set 1952 (Eta: 68) Data di registrazione: 15 set 2021 - 03:52

Fibrillazione atriale — W 86 BPM in media
L'ECG mostra segni di fibrillazione atriale.
Se non ti aspettavi questo risultato, rivolgiti

a un medico.
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I Per ulteriori i i

25 mm/s, 10 mm/mV, Elettrodo I, 512 Hz, i0S 14.8, watchOS 7.3, Watch8,1, della forma d'onda & simile a guello di un ECG di tipo * Derivazione
i le i ioni d'uso.
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ONLINE ECG ANALYSIS
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REMOTE HOLTER ECG
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DUTIES
OF THE TECHNICIANS AND
DOCTOR




REVEAL MANAGEMENT FLOW CHART

Daily check of scheduled
transmission by nurse
and technician
+ CareAlert
Check missing
transmissions

WALK

Technician

radycardia

WaAIT

STOP

Technician

Print relevant information of
transmission

Print patient last follow-up
Drug terapy

Fill a specific sheet on
Cardiomanagement tool
Submit transmission to
physician

Register all actions done by
physician on a specified sheet

Physician

Review printed information
Classify transmission
Establish what to do (call the
patien, schedule an in office
visit, change drug therapy)

Fill in a record in an Excel DB
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Device serial
number

FZCE053483

PZFEO0T285

PZFG052723

PZFG01271S

PZFG022133

PZFE019703

PSEGDO2235

PZ36036883

FPZGE001185

PZKE237405

LIGHTHOUSE APPLICATION

Transmission
dateTime

05-11-2013
03:35

04-11-2013
01:24

04-11-2013
02:25

04-11-2013
04:28

04-11-2013
0227

04-11-2013
02:26

15-10-2013
1700

04-11-2013
04.38

18-10-2013
1315

12-10-2013
20:55

CareAlert
transmission

Mo

Mo

Mo

Mo

Mo

Yes

Mo

Yes

Mo

LightHouse
risk

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Risk
score
(0-1)

073

0.99

0.73

0.93

ATIAF
duration
evidence

Yes

Ma

Ma

Mo

M

Mo

Ma

Ma

Mo

Yes

Ventricular
Rate
evidence

Yes

Mo

M

Mo

M

Mo

Mo

Mo

Mo

M

Optiviol
evidence

Mo

Mo

Yes

Mo

Yes

Mo

Mo

Mo

Yes

Mo

Heart

Rate

Veriability

evidence

Mo

Mo

Mo

Yes

Mo

R[]

Yes

Mo

R[]

Mo

Hight

Heart

Rate
evidence

Yes

Yes

Mo

Mo

Mo

Yes

Mo

Mo

Mo

Mo

Y.
Pacing
Perc.
evidence

Yes
Yes
Yes
Yes
Yes
Yes
Mo

Yes
Yes

Yes
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LIGHTHOUSE APP
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Artificial Intelligence in Cardiology )

Kipp W. Johnson, BS,*" Jessica Torres Soto, MS,>%¢ Benjamin S. Glicksberg, PuD,*"' Khader Shameer, PuD,?
Riccardo Miotto, PuD,*" Mohsin Ali, MPui,*>” Euan Ashley, MBCB, DPui,“%¢ Joel T. Dudley, PuD>"

ABSTRACT

Artificial intelligence and machine learning are poised to influence nearly every aspect of the human condition, and
cardiology is not an exception to this trend. This paper provides a guide for clinicians on relevant aspects of artificial
intelligence and machine learning, reviews selected applications of these methods in cardiology to date, and identifies
how cardiovascular medicine could incorporate artificial intelligence in the future. In particular, the paper first reviews
predictive modeling concepts relevant to cardiology such as feature selection and frequent pitfalls such as improper
dichotomization. Second, it discusses common algorithms used in supervised learning and reviews selected applications
in cardiology and related disciplines. Third, it describes the advent of deep learning and related methods collectively
called unsupervised learning, provides contextual examples both in general medicine and in cardiovascular medicine,
and then explains how these methods could be applied to enable precision cardiology and improve patient outcomes.
(J Am Coll Cardiol 2018;71:2668-79) © 2018 The Authors. Published by Elsevier on behalf of the American College of

Cardiology Foundation. This is an open access article under the CCBY license (http://creativecommons.org/licenses/by/4.0/).




Ambulatorio scompenso
Medici- Infermieri -Tecnici (controllo device e sonographer)

Gestione a distanza dei pazienti - Contatto telefonico con care givers
Rapporto con | medici invianti (specialisti e MMG)

Case Manager in Ambulatorio

Case Manager in Ospedale

Valutazione paziente in PS - Definizione del percorso piu appropriato
Valutazione giornaliera di tutti | pz scompensati ricoverati nei vari reparti
(Medicina Urgenza - Cardiologia- Medicina Interna)

Mobilizzazione del paziente - Contatto telefonico con care givers
Definizione del percorso alla dimissione (domicilio- riabilitazione)
Formazione del paziente (depliant)

Impostazione controllo a distanza
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IL PAZIENTE ED IL SUO VIAGGIO
DA SOLO
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Patient Journey: un percorso sequenziale

Per la costruzione del Patient Journey si
utilizzano le tecniche della mappatura di
processo per capire e «tracciare» l’esperienza
del paziente attraverso l’identificazione degli
eventi, dei passaggi e delle decisioni che .
avvengo durante tutto il percorso di cura.

La serie sequenziale dei passaggi nel provvedere |
alla cura del paziente pudo contenere sia
passaggi clinici che non clinici.

Ad ogni step del percorso, il patient journey
riflette le decisioni prese sia dai pazienti che
dalle equipe di cura, il razionale dietro le L
decisioni e le emozioni provate.




