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MONITORAGGIO
CONTINUO E
CONFORTEVOLE PER
TEMPI PROLUNGATI

1 ATTCCO DI CUORE SU 5
E’ SILENTE



Obiettivi e destinatari del lavoro

MONITORAGGIO
CONTINUO E
CONFORTEVOLE PER
TEMPI PROLUNGATI

MONITORAGGIO
CARDIOVASCOLARE
COMPLETO (ECG - SCG)

\ MONITORAGGIO
CARDIOVASCOLARE REMOTO
A RIPOSO E SOTTO SFORZO
PER PAZIENTI A RISCHIO

MONITORAGGIO IN
CONDIZIONI DI STRESS

g |

MONITORAGGIO REMOTO
E USER-FRIENDLY

0 : STIMA ACCURATA

DEGLI INTERVALLI
SISTOLICI CARDIACI
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Descrizione

IL POTERE DIAGNOSTICO DEL SISMOCARDIC

Sismocardiografia (SCG): rileva le vibrazioni meccaniche del torace causate dal battito cardiaco.
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WARDS Descrizione

IL POTERE DIAGNOSTICO DEL SISMOCARDI

MV: Closing MV: Closed
AV: Closed AV: Opening

MV: Closed
AV: Closing

MV: Opening
AV: Closed
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Periodo di pre-eiezione (PEP): tempo di pre-eiezione, durante il quale i
ventricoli si contraggono ma il sangue non viene ancora espulso.

Tempo di eiezione ventricolare sinistro (LVET): intervallo di tempo
impiegato dal cuore per espellere il sangue nell'aorta.

ECG~_

SCG

MO

00 01 02 03 04 05 06 0.7
Time (s)

AO: Aortic valve Opening
AC: Aortic valve Closing

MO: Mitral valve Opening
MC: Mitral valve Closing

LVET: Left Ventricular Ejection Time
PEP: Pre-Ejection Period
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WARDS Descrizione

* Periodo di pre-eiezione (PEP): tempo di pre-eiezione, durante il quale i
IL POTERE DIAGNOSTICO DEL SISMOCARE ventricoli si contraggono ma il sangue non viene ancora espulso.

+ Tempo di eiezione ventricolare sinistro (LVET): intervallo di tempo
impiegato dal cuore per espellere il sangue nell'aorta.

PEP IN CONGESTIVE HEART FAILURE
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Descrizione

TATUAGGIO ELETTRONICO WIRELESS PER

MONITORAGGIO BIMODALE CONTINUO
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WARDS Descrizione

TATUAGGIO ELETTRONICO WIRELESS PER MONITORAGGIO BIMODALE CONTINUO
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Descrizione

TATUAGGIO ELETTRONICO WIRELESS PER MONITORAGGIO BIMODALE CONTINUO

(d) Measuring E-tattoo Signals @ (E) Measuring E-tattoo Signals

AFE Initialization |-
Record length )03 Record length: 00:0 Stop recording
te Label this event?
stand
I ) y " Chest.v3.1 ’ CANCEL

[ Collect Data ]
from all FIFOs ) . . "
Make BLE Transmit < stand standard § §
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N Active BLE Y W alsldiflglhl]lk]
Connection

Diagramma del flusso del firmware
per raccolta e trasmissione dei dati.
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Descrizione

TATUAGGIO ELETTRONICO WIRELESS PER MONITORAGGIO BIMODALE CONTINUO
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WARDS Descrizione

Accelerometri
= \ a. € Aortic valve auscultation site
\ e Pulmonic valve auscultation site
\\ © Middle of the sternum
‘[ © Fourth intercostal space

/ ° Tricuspid valve auscultation site

Sagittal plane

Posizionamento :
d e I sensore Coronal plane_ ¢

/ © Mitral valve auscultation site

N ) = © Xiphoid process

Giroscopi

€) Along the second and third rib
e Middle of the sternum
o Xiphoid process

Rimozione
artefatti da

movimento
+ Sensori ottici
€) xiphoid process
0 Below the nipple
o Above the umbilicus

o Lower thorax

e Pulmonic area near to the heart

Integrazione
con altre
tecnologie

Analisi
automatizzata
Santucci, F., Lo Presti, D., Massaroni, C., Schena, E., & Setola, R. (2022). Precordial

vibrations: A review of wearable systems, signal processing techniques, and main
applications. Sensors, 22(15), 5805.
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Posizionamento
del sensore

Integrazione
con altre
tecnologie

Descrizione

Rimozione
artefatti da
movimento

Analisi
automatizzata
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Descrizione

POSIZIONE OTTIMALE PER MISURA FORMA D’ONDA S
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Descrizione

RIMOZIONE ARTEFATTI DA MOVIMENTO
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Descrizione

RIMOZIONE ARTEFATTI DA MOVIMENTO

A SCG
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Risultati

RIMOZIONE ARTEFATTI DA MOVIMENTO
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VALIDAZIONE CON GOLD STANDARD PER STIMA DEGLI INTERVALLI CA
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Risultati

VALIDAZIONE CON GOLD STANDARD PER STIMA DEGLI INTERVALLI CAR

120 120 120 .
@ — Edattoo 100 " 100 i
- - PRSP -
2 E 80f v A A,J\J'W
E 80 £ 80 == S / P =
£ //.-\, - = M / 8 o e A ant
B s0f M w g DO Vs e gy
& S A WA A pr i
M wi w2 w3 wah ° cl 2 5 r1 wli w2 w3 w4 2 cl c2 3 - [ wli w2 w3 w4 2 cl c2 3
A9 5 10 15 2 25 % 5 0 5 10 15 20 25 30 35 %0 0 5 10 15 20 25 30 35 0
Time (min) Time (min) Time (min)
120 E 20 H 12
—— E-tattoo —— E-tattoo — E-tattoo
100 M 100 100 | o]
- e \ i i M e
E 80 oy N s A pnefl E 80 B E ® W""W"""‘“-\.MMM
o e~ o oo 8§ /ﬂ SR I e o
w 60 w 60 w 60
o o [
40 40 40
r wi w2 w3 w4 2 c1 c2 3 50 1 wli w2 w3 w4 r2 cl c2 3 55 r wi w2 w3 wd 2 c1 c2 3
20 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time (min) Time (min) Time (min)
120 F 120 1 120
it —— E-tattoo - —— E-tattoo —— E-tattoo
100 ‘4\.\ s
e~ -_— ———— e~ W
g o =B e b £ 80 A VA At i g R . £ 80 T v o
ol - -
2 o SR S A S e wononrns & 60 & & //vN
a o w - ,.MTA,
40 40 40
- r1 wi w2 w3 w4 23 cl c2 3 - 1 wi w2 w3 wd r2 cl1 c2 3 1 wi w2 w3 w4 2 c1 c2
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 205 5 10 15 20 25 30 35
Time (min) Time (min) Time (min)

associazione
faiana
ingegneri clinici




1. "Chest e-tattoo for daily use and cardiac monitoring"
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Risultati
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BREVETTO

Descrizione del brevetto: 8114 Lu. US63/454,195.
Stato del brevetto: Patent Pending.

Data di deposito: 23 marzo 2023.

Inventori coinvolti: Nanshu Lu, Sarnab Bhattacharya,
Philip Tan, Pulin Wang, Francesca Santucci.

A STACKED-DESIGN MULTI-MODE CONFORMABLE EPIDERMAL SENSOR

R REFERENCE TO RELATED APPLICATION
[0001]  This application claims priority to and benefit of U.S. provisional patent application
serial no. 63/454,195 filed March 23, 2023, which is fully incorporated by reference and made a
part hereof.
GOVERNMENT SUPPORT
[0002] This invention was made with government support under Grant no. ECCS2133106
awarded by the National Science Foundation and Grant no. N00014-20-1-2112 awarded by the

Office of Naval Research. The government has certain rights in the invention.
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For good and valuable consideration, the receipt, sufficiency and adequacy of which are
hereby acknowledged, we, Nanshu Lu of Austin, TX; Sarnab Bhattacharya of Austin, TX;
Philip Tan of Austin, TX; Pulin Wang of Austin, TX; and Francesca Santucci of Austin, TX;
hereby sell, assign and transfer to the BOARD OF REGENTS, THE UNIVERSITY OF
TEXAS SYSTEM, a Texas institution of higher learning, having a place of business at
210 West 7th Street, Austin, TX 78701, and its successors and assigns (collectively hereinafter
“the Assignee™), the entire right, title, and interest throughout the world in the inventions and
improvements that are subject of an application for United States Patent, titled “A STACKED-
DESIGN MULTI-MODE CONFORMABLE EPIDERMAL SENSOR,” filed March 23, 2023,
and assigned U.S. Patent Application No. 63/454,195, this assig; including said applicati

-3

and all divisional, continuing, sub 1, reissue and all other applications for patent

that have been or shall be filed in the United States and all foreign countries on any such

inventions or improvements; all original and reissued patents that have been or shall be issued in

the United States and all foreign countries on such inventions or imp: and specifically
including the right to file foreign applications under the provisions of any convention or treaty
and claim priority based on such application in the United States; and we authorize and request
the issuing authority to issue any and all United States and foreign patents granted on such

inventions or improvements to the Assignee; and we warrant and ¢ that no

grant, mortgage, license or other agreement affecting the rights and property herein conveyed has
been or will be made to others by the undersigned, and that the full right to convey the same
is d by the undersigned

L P &

herein
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Risultati

RISULTATI - SVILUPPI FUTURI

* Volume sistolico: quantita di sangue espulso dal cuore in un singolo battito
* Gittata cardiaca: quantita di sangue che viene espulso dal cuore in un minuto

Stroke Volume Index
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T 60
AV =arterial venous; CO = cardiac output; EF = Ejection fraction, HF =heart L
failure; HFpEF = heart failure with preserved ejection fraction; HFrEF = 40
heart failure with reduced ejection fraction; LV =left ventricular.
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WARDS Risultati

RISULTATI - SVILUPPI FUTURI

* Volume sistolico: quantita di sangue espulso dal cuore in un singolo battito
* Gittata cardiaca: quantita di sangue che viene espulso dal cuore in un minuto

Studio Risultati predizione Volume Sistolico 20 Stroke Volume Index
Features combination Corr. Coefficient (r-value) MedAE MAPE Bland Altman error 15 e
(mL) (%) (%) <
ECG 0.64 7.51 157 42.9 E
Q
SCG 0.75 6.41 14.5 37.6 £
o
ECG + PPGe.tattoo 0.92 1.79 5.89 21.6 E
ECG + PPGsomno 0.94 1.79 5.59 19.
SCG + PPGe.tstt00 0.96 1.57 4.42 15.38 ~20735 60 80 100 120
Mean (ml/m?)
NS SCG + PPGsomno 0.97 1.52 452 14.50 T e
ECG + SCG 0.97 1.24 3.29 11.7 120! ¢ L e
N -GN
ECG + SCG + PPGsomno 0.99 1.06 2.71 9.42 E 1 el
E 100p N
ECG + SCG + PPGe.tattoo 0.98 1.15 291 10.7 ;
n 80
Studi Precedenti E
Semizetal. ECG +SCGyyy ol 0.81 7.56 <30 2 00
Ganti etal. ECG+ SCG + BSA + Age 0.88 28 40
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