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HEART RATE VARIABILITY
DISSEMINATION

About 12000 papers in MedLine

The 3rd most-frequently-cited paper in Circulation: Task Force of the
European Society of Cardiology the North American Society of Pacing
Electrophysiology:” Heart Rate Variability : Standards of
Measurement, Physiological Interpretation, and Clinical Use,
Circulation, 1996 93: 1043-1065

The 6th most-frequently cited paper in Circulation Research: M Pagani,
F Lombardi, S Guzzetti, O Rimoldi, R Furlan, P Pizzinelli, G Sandrone,
G Malfatto, S Dell"Orto, E Piccaluga, G. Baselli, S.Cerutti, A.Malliani,
Power spectral analysis of heart rate and arterial pressure
variabilities as a marker of sympatho-vagal interaction in man and
conscious dog, Circ Res, 1986 59: 178-193



INTEGRATION

BETWEEN PHYSIOLOGICAL
MODELS AND DATA & SIGNALS TREATMENT
. OF INFORMATION FROM SIGNALS
AND IMAGES FROM SYSTEMS, WITH
MODALITIES, ON SCALES.... (COMPLEMENTARY)
TO IMPROVE:
i) PHYSIOLOGICAL KNOWLEDGE OF SYSTEM/S
il) CLINICAL PROCEDURES (diagnosis, therapy and
rehabilitation)
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COMPLETE GEOMETRICAL
MODEL

Characteristics

¢ Leaflet inclinations:
anterior=8°,posterior=7°

® 82 insertions on free
margin, 42 Insertions
behind leaflet borders, 13
Insertions of 3° order.

® Transversal section of
cordae from literature

® Commissural zone with
Intermediate width In
repect to the two leaflets.

O Every papillary muscle is indicated by one single point and the leaflet
amplitude may be changed according to the clinical observations



Results: map of main strains

Step: STEP-1 Frame: 0

S, Max. In-Flane Principal
SMEG, (fraction = -1.0)
[Awg: T5540
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INTENDED AS AN EXAMPLE OF
MULTIORGAN INVOLVEMENT

»>Sleep is classically segmented in stages on the basis of
the EEG signal and also of EMG and EOG

(macrostructure of sleep)
*REM sleep (rapid eye movement)

e NREM sleep (stages 1-4 according to the sleep depth)
Rechschaffen A and Kales A. A manual of standardized terminology,

technigues and scoring system of sleep stages of human subjects. US

Government Printing Office: Washington Public Health Service, 1968.

> Also the autonomic control on heart rate was found to
be correlated to the sleep stages



Eloctroencephalogram
(EEG) = brain waves

hypnogram
MWMW F I”H Awake

Electrooculogram
(EOG) = eye movements
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Electromyogram
{(EMG) = muscle tension

Kaum atekp

Sonno NREM

Tibiale anteriore destro
Tibiale anteriore sinistro
Flusso oro-nasale

Respiro toracico

Respiro addominale
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* Is it possible to properly detect
and classify
(important for the neurophysiological and
clinical aspects) on the basis of ECG &
derived signals (mainly RR intervals) ?
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Transients in heart rate

LFHF|
upright

3]
Hours after ‘Light off'

FIG. 2. {a) Hypnogram of a typical normal subject and (h) the LF/HF value (sympatho—vagal balance) computed by the spectral analysis of the HRV signal
and the respective values during the wake state for rest and standing inight-hand side). Step lengths of the LF/HF plot result from the segrmentation
procedure described in the paper. Undefined segments were due to the presence of more than one skeep stage during the assigned period. The bars in the
top of {b) indicate iransients in heart rate found by the segmentation, W**: wakefulness before and after sleep period time. *Mote thar the low LEHF valee
might be caused by the very short associated REM pericd.
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Wearable system

|t detects and monitors data and signals with an improved
comfort degree for the user in respect to portable
monitoring systems

*Goal: to realize non-intrusive systems which do not
interfere with the daily activities of monitored subject

Burden/
Weight
Dispositivi
indossabili
Dispositivi
portabli

Dispositivi

Comfort/Daily
Activity






HoG-

e e Health monitoring:
wearable bionsensors
and and electrodes

for vital signs detection

Body kinematics
monitoring:

wearable strain sensors
for posture

and gesture analysis

Sport medicine:
_ training

. or accident

prevention

Virtual-augmented
reality:

sensorised

and actuated
man-machine
wearable interfaces

Ergonomics

wearable actuators
for physiotherapy g
or compensation

of disabilities

Telemedicine:
-wearable electronics
for signal elaboration
and data teletransmission
-wearable master-slave interfaces
for telesurgery

Teleassistance:
wearable electronics
for wireless

communication

Rehabilitation:
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Respiration through
impedenzometric sensors

o) . 1

4 thorax electrodes: injection of 50kHz current into the
external electrodes. The ratio between the potential
difference from the internal electrodes and the current
provides the modulus of impedance.
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e Textiles

« Algorithms

« System integration

My-Heart
EU VI Framework Programme
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*Focus area @ home
Sleep quality improvement
Stress management
Daily activity management

Weight management



Wearable / textile sensors for
vital signals acqyisition

Resp (25 Hz, 1/beat) CV

BA
BR
ECG (250 Hz)

Smartex
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100% Sleep Cycle -
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
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Light sleep. Breathing Deap sleep 'h'e![y deep Rapid aye . -_— - -
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C’V'IVIYHE'EI rt  Your sleep quality manager
Statistics

Sleep Profile

................

.........................................

& | Home

' How to improve your sleep quality
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. Wed 17 Sep | 19:37




cF%yHeart

Goals for today Wed 17 Sep | 19:45
Activity TakeCare
Wake-up: - i Coffee max: . . Sleep:
07:00 index: = e Biofeedback: 53:00

45 15 min.
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Cross fold model validation

golden standard
model output

300
time [sec]
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Cross fold model validation

time [sec]

golden standard
model output
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{+ | Try to breathe deeply and slowly.

Watch how your relax and stress levels
| change during the exercise.

relax
Home
stress
Back
Get audio support Stop exercise

Wed 2 Apr | 20.25
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Measurements, Detection, Prediction

i

Telemedicine
Platform
"At home" / Patient (e.q. MOTIVA)
Platform

Patient | (e.g. MyHeart) | At home S .

Value is created
by closing the
loop!

Therapy, Feedback

Fig. 3 The closed-loop management approach, consisting of two loops




Voice analysis

Biochemical
screening

Sleep
monitoring

Biofeedback
& stress
management

Activity & movement
monitoring

feedback

Electronic agenda
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