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MAIN STUDY ACTIVITIES

« Study on non-invasive methods for heart and respiration monitoring;
« Study on cardiovascular and pulmonary mechanical activity;

« Study on biomedical applications of force sensors;

« Study on Forcecardiography;

« Statistical Data Analysis for Science and Engineering Research — ad hoc
course;

« Strategic Orientation for STEM Research & Writing — ad hoc course;
« Data Science for Patient Records Analysis — ad hoc course;

«  Matrix Analysis for Signal Processing with Matlab Examples — ad hoc course;
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MAIN STUDY ACTIVITIES

* Biosignals Measurement and Analysis — ad hoc course;
* Muscle-based Human Machine Interfaces — ad hoc course;
« Computer Interface for Biological Systems — MSc course;

« Study on detection of cardiac cycle events and estimation of cardiac time
intervals in Forcecardiography signals;

« Study on muscle activity monitoring via force sensors;
« Study on cardio-respiratory interactions in Forcecardiography signals;
« Study on Human Machine Interfaces for assistance and rehabilitation;

« Study on pulse wave detection via Forcecardiography sensors.
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RESEARCH FIELD

Innovative bioengineering methods for diagnosis and monitoring

Forcecardiography (FCG) is a
novel, non-invasive technique,
first intfroduced in 2020, that
records the weak forces induced
onto the chest wall by the
mechanical activity of the
beating heart via broadband
force sensors.

FCG is a very promising
wearable technique for
continuous, long-term monitoring
of cardiac mechanical function.
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RESEARCH FIELD

The raw FCG sensor signal consists of two infrasonic components,
namely low-frequency FCG (LF-FCG) and high-frequency FCG (HF-FCG),
and a sonic component that captures heart sounds (HS-FCG).
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RESEARCH RESULTS

v The HF-FCG signal has a very high similarity with the Seismocardiogram
(SCG) and provides accurate detection of aorfic valve opening and
closure events and estimation of pre-ejection period and left ventricular
ejection time.

v A low-frequency component similar to the LF-FCG, which is related to
heart walls motion, can be extracted from SCG signal by means of a
specific processing.

v In addition to the cardiac activity, FCG sensors capture a large, very low-
frequency component related to respiration, namely the
Forcerespirogram (FRG).

v The amplitude modulations of LF-FCG and HF-FCG, as well as the
respiratory-induced variation of two parameters of heartbeat
morphology, have a good consistency within the respiratory cycle.

v FCG sensors can monitor pulse waves at various body sites (e.g., carofid,
wrist, finger, etc.)
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Ph.D. THESIS OVERVIEW

PROBLEM
Cardio-respiratory monitoring via Forcecardiography (FCG)

FCG could improve the diagnosis and management of cardio-respiratory
diseases via pervasive wearable monitoring.

OBJECTIVE

Extracting clinically relevant parameters of cardio-respiratory function
« |dentification of cardiac cycle events in FCG signals

« Estimation of cardiac time intervals

« Estimation of cardiac and respiratory rates

METHODOLOGY

« Analysis of FCG information content

« Assessment of FCG against reference techniques
Experimental tests on a cohort of healthy volunteers
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FORCECARDIOGRAPHY (FCG)

Forcecardiography (FCG) uses
a small, lightweight force sensor,
placed on the thorax of a subject,
to record the small, mechanical
vibrations generated by the heart, \
which propagate through
the surrounding tissues,
reaching the surface.

FCG g
sensor

The FCG signal has a richer information
content than the accelerometric
Seismocardiogram (SCG).
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CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY

As opposed to the SCG signal,
the raw FCG signal can be split into
three cardiac components,
i.e., LF-FCG, HF-FCG and HS-FCG
by means of simple filtering operations.
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CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY

The HF-FCG showed a very high similarity with the SCG and provided accurate
timings of aortic valve opening and closure events and estimates of inter-beat
interval, pre-ejection period (PEP) and left ventricular ejection time (LVET).

| '—ECG —SCG —d/dt[HF-FCG] * Qpeaks * Rpeaks ® AO ® AC
Inter-beat interval Inter-beat interval

:‘ T T ECG

Inter-beat interval Inter-beat interval

Amplitude [a.u.]
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CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY
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CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY

The LF-FCG reflects heart walls motion, thus potentially carrying information on
ventricular volume variations. This low-frequency component is not visible in
SCG signals, nor it can be extracted by simple filtering.

T Ece 1 | r [ —eroe A specific numerical
l ECG procedure was devised to
2501 ] e recover this information from
f\ﬁw N rw K\,v? =y
f'g 2+ Low-frequency SCG
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CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY

FCG sensors can also monitor the forces impressed onto the chest wall by the
expansions and consequent releases of the ribcage during breathing acts.

—ECG —raw FCG
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CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY

In addition to the cardiac activity (i.e., the actual Forcecardiogram), a large,
very low-frequency component (within 0.6 Hz) related to respiration, namely the
Forceresplrogram (FRG), was observed in the raw FCG sensor signal.

Amplitude [a.u.]
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CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY

FRG signals were compared with those provided by an electro-resistive
respiration band (ERB), which was assumed as the ground truth.

ECG-derived respiration (EDR) signals were also tested against the reference
(i.e., ERB).

FCG sensors ensure a more sensitive and precise detection of respiratory acts
than EDR,

| Sensitivity (% PPV (%
FRG 100 98.9

___EDR 95.8 92.5

as well as a superior accuracy and precision in inter-breath interval
measurement.

| Slope |Intercept(s)| R2 |  Bias | p-value | LoA(s) |
0.99 0.026 0.98 0.0 0.87 +0.61
. EDR [ORZ:] 0.11 0.88 Non-ssignificant  0.11 (~1.4; +1.5)
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Amplitude [a.u.]

CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY

Respiration causes
amplitude modulations
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CARDIO-RESPIRATORY MONITORING VIA FORCECARDIOGRAPHY

In addition to the amplitude modulations of LF-FCG and HF-FCG...

Amplitude modulation
of HF-FCG

Amplitude [a.u.]
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...respiration also induces
changes in various
parameters of heartbeat
morphology, e.g. the LVET.
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CONCLUSIONS AND FUTURE

PERSPECTIVES

/{ Forcecardiography (FCG) allows to acquire signals with much richQ\
information content as compared to well-established cardio-mechanical
monitoring techniques by means of a unique sensor.

» FCG could support pervasive wearable monitoring applications. It could
be used for continuous, long-term monitoring of cardio-respiratory
function in daily life environments, e.g., for early detection of heart and
pulmonary diseases or management of chronic patients.

Future perspectives:

experimental tests on a larger cohort, also including pathological
subjects;

FCG recordings acquired during physical activities and/or sport exercises;
comparison with Echocardiography;

multichannel measurements by using FCG sensor matrices.
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