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(57) Abstract: A early diagnosis device (100) of cardiopathies in a patient (50) such as a cardiac decompensation and/or cardio-
vascular diseases comprises a wearable support (1) and a diagnostic unit (5) mounted to the wearable support (1). The diagnostic
unit (5) comprises a means for delivering (10) an electric current stimulus (I;), at a predetermined frequency (1) to the patient's
body (50) and a means for measuring (20) a thoracic electrical bioimpedance (Zi), which is adapted to provide a bioelectric
impedance signal (Z;) on the basis of the electric stimulus (Ii) at the predetermined frequency (f). The device (100) further com-
prises an adjustment means (30) for adjusting the frequency (1) of the electric stimulus (I;) in way suitable for transmitting a plu-
rality of electric stimuli (I, L,... L)) at respective different frequencies (fi, £, f5... £;) and such that the means for measuring (20) de-
tects a corresponding complex bioimpedance signal (Z1, Z», Zs, Z,). In addition, the device comprises a memory (35) that is config-
ured to store the complex bioimpedance signals at a first time (t;), at a second time (t;) and at an nth time (t,) and a means for ex-
tracting the real part (Ri, Ra, Rs... Ry) of the complex signals for instants (t1, t2, i), to obtain a respective time chart (Ci, Cz, Cy) of
the real part for each frequency. Furthermore, it comprises a means for analysing (40) the time chart (C,, C,, C,) and a means to
provide an alarm (46) of cardiac decompensation if a decrease value DR/Dt is higher than a predetermined value DR./Dt.
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TITLE

A WEARABLE DEVICE FOR EARLY DIAGNOSIS OF CARDIOPATHY AND/OR
CARDIOVASCULAR DISEASES WHICH CAN BE DETERMINED BY
HEMODYNAMIC VARIABLES

DESCRIPTION

Scope of the invention

The present invention relates to medical devices and, in
particular, it relates to a wearable device for cardiopathy
or cardiovascular diagnosis in a patient and/or for
detecting hemodynamic variables. In particular, the device
is used for diagnosis of cardiopathies, for example cardiac
decompensation, or for measuring hemodynamic useful for

diagnosis of such pathologies.

Description of the technical problem

As well known, cardiovascular diseases, 1in particular
cardiopathies such as cardiac decompensation, can be

correlated to accumulation of fluids/liquids in the body,

" to their flow and to their variation with time.

The prevention and the early diagnosis of such
cardiopathies is carried out by detecting any serious
hydro-electrolytic alterations that can cause the diseases
such 'as, for example, anasarca, declive edema, acute
pulmonary edema etc. '

On the other hand, it is known that through bioimpedance

techniqﬁes it 1is possible to measure the presence of

"liquids in the human body and their variation with time. In

particular, known devices for measuring the bioimpedance
provide injecting through the skin in a subject an
alternated current at a fixed frequency of 50-70 kHz, by
two surface electrodes called injectors. A second couple of

electrodes, called sensors, has instead the task of
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measuring the subsequent voltage, which follows the
opposition by the body to the current at fixed frequency
applied by the above described injection electrodes.

This opposition to the current is called Impedance Z and
is based on the principle that the current follows a path
of minimum electric resistance. Such value of impedance Z
can be represented by a complex number, and therefore
formed by a real and an imaginary part, or also by a module
and by a phase. More precisely, the current flows through
the fluids, in particular water, and, the opposition to the
current can be correlated (inversely proportional) to the
volume of water in the body. In other words, a higher
amount of liquid determines a lower value of the
bioimpedance module and vice-versa.

As well known, in subjects involved with ‘cardiac
decompensation, the wvalue of the bioimpedance module
monitored in previous days to the occurrence of the
symptoms 1is decreasing progressively up to reaching a
minimum value where the disease becomes symptomatic.

The known devices for measuring the bioimpedance inject
the current at a single frequency, and are not for this
reason adapted to provide a reliable monitoring. 1In
particular, the variation of the bioimpedance determined at

a single frequency is not strictly correlable to the

“variation of the fluids caused by a worsening of the

cardiac function, because 1t can be also correlated to
other parameters of the patient same. In fact, by at least
one bioimpedance measurement at fixed frequency, it is not
possible to discriminate precisely between intra or extra
cellular liquids. It is therefore difficult to determine
the causes of the variation of the impedance, both of its
module and of its phase. Such alteration and its amount,

for example, can be generated by a variation of the fat
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mass of the patient and influenced by other physical
factors such as sex, weight, age or even daily habits.

In addition to what above defined, the known devices
based on the bioimpedance measurement are not adapted to
obtainva functional monitoring of the patient for a long
time. In fact, among the known bioimpedance measurement
devices there are bulky and expensive ones. For this
reason, often, such diagnosis has to be limited to
hospitals or nursing homes, causing a long monitoring to be
problematic, which would be instead much easier with laptop
devices. |

On the other hand, the use of laptops, which would be

possible by application of bioimpedance measuring

instruments mounted to special wearable supports, is

presently not much reliable, since the detection can be
strongly affected by different factors, such as the
different positioning by the patient or nursing operators
of the sensors at any successive detections, as well as by
movements of the patient, or by changes of patient’s skin

conditions with respect to the electrodes, etc., and

~therefore the measurements obtained would be not easily

correlable to each other, in order to determine a helpful

clinical picture that can reveal and prevent the onset of a
cardiopathy.

In other words, the known bioimpedance measuring systems,
in particular those that can determine the onset of
cardidpathies, can be problematic and do not allow to
obtain reliable values of changes of the body fluids,
especially in a wireless monitoring scenario. For this
reason, values observed by such measuring devices should be
always associated and backed by other types of detection

and analysis devices.
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A further analysis for diagnosis of cardiovascular
diseases is the impedance cardiography (Impedance
Cardiography, ICG), also-called thoracic bioimpedenziometry
or impedance pletismography, and, in particular, it relates
to the study of the cardiac functionality by measuring the
electric impedance of the thorax.

It is a non invasive technique capable of providing data
on importaht hemodynamic parameters and on the thoracic
content of liquid. The variation of impedance, determined
through electrodes applied to the thorax, is generated by
fluctuations in the volume of blood and in the blood speed,
mainly with respect to the rising aorta tract, during the
cardiac cycle.

The known ICG devices provide monitoring the patient in a

“hospital to measure the thoracic impedance from which

different hemodynamic variables can be measured in a
predetermined moment of a day. For long monitoring periods,

the patient must every day make a measurement, in order to

obtain, after a plurality of measurements, a clinic picture

‘enough complete for a diagnosis of the cardiac diseases.

On the other hand the use of wearable ICG devices to long
daily monitoring for more days are very unreliable. 1In
fact, also in this case the measure can be strongly
affected by factors such as the arrangement of the
electrodes, the movement bf the patient, the wvariation of
the interface conditions of the skin with the electrodes,
etc.

In WO2004/030535 a method is described for measuring the
volume, the composition and the movement (HZV) of electro-
conductive body fluids, based on the Impedance Cardiography
(ICG) for determining hemodynamic parameters.

In US 2006/184060 an implantable device is described that

comprises electrodes implantable in the patient’s body
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capable of making current signals at different frequencies
in order to calculate impedance values. In this case, the
implanted electrodes are not subject to problems of
variability owing to the interface with the skin of the
user, but it is an invasive device.

In MART MIN ET AL: "Synchronous Sampling and Demodulation
in an - Instrument for Multifrequency Bioimpedance
Measurement" a multichannel system is described for non-
invasive diagnosis of cardiovascular diseases associated

with Impedance CardioGraphy (ICG).

Summary of the invention

It is therefore a feature of the present invention to
provide a wearable device for diagnosis of the cardiac
decompensation and/or for detecting hemodynamic variables

in ta patient, which allows a ©precise and reliable

“detection.

It is also a feature of the present invention to provide
a . wearable device for diagnosis of the cardiac
decompensation and/or fbr detecting hemodynamic variables
in a patient that is modular and reconfigurable in its
aspect and components. |

It is a further feature of the present invention to

provide a wearable device for diagnosis of the cardiac

vdecompensation and/or for detecting hemodynamic variables

in a patient where the only sensing components of the
device are developed, in order to be minimally invasive for
the patient and capable of interfacing in a comfortable way
for the user, with easy and univocal connections.

It is also a feature of the present invention to provide
a wearable device for diagnosis of the cardiac
decompensation and/or for detecting hemodynamic variables
in a patient that allows long lasting monitoring outside of

hospitals or nursing homes.



10 .

15

20

25

30

WO 2012/049552 PCT/IB2011/002386

These and other objects are achieved by a device for

early diagnosis in a patient for cardiopathies such as a

cardiac decompensation and/or cardiovascular diseases which

can be determined by detecting hemodynamic variables of the

patient said device for diagnosis comprising:

| bioimpedance signals Z;, Z»

a wearable support;

a diagnostic unit mounted to said wearable support,
said diagnostic unit comprising:

a means for delivering an electric stimulus I; at a
predetermined frequency £f; to the body of said
patient,

a means for measuring a thoracic electrical
bioimpedance Z; of the body of said patient by
providing a bioelectric impedance signal on the
basis of said electric stimulus I; at said
predetermiﬂed frequency fj;

an adjustment means for adjusting said frequency of
séid electric stimulus I; such that a plurality of
electric stimuli is delivered I;, I,, Iz .. I, at
respective different frequencies f,, f,,...f,, said
means for measuring the thoracic electrical
bioimpedance Zi configured to measure a
corresponding complex bioimpedance signal Zi, Zj, Z;
. Zn, for each of said plurality of electric stimuli
I,, I, I3 .. I, at respective different frequencies
fi, f2,...fn, and to provide a plurality of complex

Z3 aen Zn;

’

;a memory that is configured to store said plurality

of complex bioimpedance signals Z;, Z;, 23 .. Z, at a
first time t;, at a second time t, and at an nth
time tg;

a means for generating a plurality of complex

bioimpedance signals 21, 22, 23 .. Zp recorded in
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said memory at said first time t., second time t»
énd nth time t,, | |
- a means for extracting the real part Ri, Rz, Rz .. Ry
of said complex bioimpedance signals Zi, Z,, Z3 .. Zg
to obtain a respeCtive time chart C;, C,, C, of said
real part for each frequency f;, f,,...f, at the
times tqy, t),...tas
- a means for analysing said time chart C;, C,, C, of
said real part R;, Ry, Rs . R,, in order to obtain a
decrease rate with time of said real part for each
frequency £, f2,...f5 and to calculate a decrease
value DR/Dt;
- an alarm means to provide an alarm of cardiac
| decompensation associated with said means for
analysing, said alarm generated if said decrease
value DR/Dt is higher than a predetermined value
DRo/Dt.
Advantageously, said means for analysing comprises a
sahpling means that is configured to operate said means for

delivering and said means for measuring in a predetermined

time range, 1in order to repeat a plurality of said

bioimpedance measurements at times t;, t,,...tp that are
distant said time range from each other.

Preferably, said sampling time range is one day, and

- said number n of times ti, ti,...t, is set between 7 and 30

days, preferably 14 days.

Advantageously, said means for analysing is
configured to compare said time chart of the real part Ri,
Rz, R3 .. Ry of the complex bioimpedance signals determined
bn the patient also with characteristic time charts of a

cardiopathy by means of clinical data of said patient, in

. order to increase the amount of data to compare and to

obtain a more precise prediction, in particular said
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clinical data describing the health status of the patient
and being selected from the group consisting of: age, sex,
weight, fat-free mass index, etc. |

Advantageously, said means to provide an alarm

comprises an acoustic emitter.
| Preferably, the following are further provided:
- a means for extracting the imaginary part L,, Lz, Ls
. Ly, of said complex bioimpedance signals Z;, Z,, 23
Z, to obtain .a respective time chart of said
imaginary part for each frequency f;, £f,,...f, at
the times_t(n, t2)re.-tn?

- a meahs for analysing said time chart of said
imaginary part Li, Ly, L3z .. Ly, in order to obtain a
rate of variation with time of said imaginary part
for each frequency fi, f,,...f, and to calculate a
variation value DL/Dt;

- a means to provide a cardiac decompensation
parameter associated with said means for analysing
1f said variation value DL/Dt exceeds the limits by
a predetermined range.

Advantageously, said complex bioimpedance signals Z;,

Zy, Z3 .. Z, are calculated as average values within a

’

‘predetermined measurement range, in particular set between

3 and 10 minutes.
In particular, said means for delivering an electric

stimulus is adapted to deliver a current stimulus and

. comprises:

- a couple of skin injection electrodes at a distance
from each other and arranged on the thorax of said
patient; |

- a variable current”frequency generator connected to
said skin injection electrodes and associated with

said adjustment means that adjust said current
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Stimulus, such that said adjustment means controls in
frequency said current generator such that it injects
said plurality of electric stimuli at respective
different frequencies, = said current having a
corresponding predetermined digital numerical series.
Preferably, said different frequencies f;, f,,...fs
are comprised in a range set between 1 kHz and a 1MHz and

said electric stimuli have an intensity set between 0.1mA

10

15

20

25

30

and 0.5mA, in particular 0.44mA.

In particular, said means for measuring comprises:

a couple of skin sensoxr electrodes arranged
substantially between said couple of injection
electrodes, said couple of skin sensor electrodes
configured to measure a voltage tuned to said
plurality of electric stimuli to respective different
frequencies;

a means for transforming said voltage into a digital
numerical series;

a means for calculating the bioimpedance module as
ratio between the absolute values of said digital
numerical series responsive to said voltage and of
said digital numerical Series responsive to said

current stimulus at a predetermined frequency fi, in

- order to obtain a corresponding digital numerical

signal of the bioimpedance module;

a means for calculating the bioimpedance phase as
phase shift time Dbetween said voltage and said
current stimulus at a predetermined frequency f;, in
order to obtain a corresponding signal of the
bioimpedance phase;

a means for converting‘ said signal of the
bioimpedance phase into a respective digital

numerical signal.
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This way, the couple of skin sensor electrodes
measure a voltage Vg tuned to the current stimulus Ig at
frequency f;. By the ratio Ve /If=Z¢ the module of the
bioelectric impedance signal Zs; can be obtained relative
to frequency f;. By changing the frequency of the current I
for a predetermined frequency band the modules of the
bioimpedance signals Zg;, Zgp, Z¢3, ..Zfn are obtained.

In the same way, for each voltage wvalue V¢ tuned to
the current stimulus Ig at frequency f£; the delay time At;
of the injected current signal Ig is compared with the
measured voltage signal Vg;.

This way, the analysis of the complex bioimpedance
signals, obtained starting from a plurality of velectric
stimuli at different frequencies, makes it possible to
obtain a reliable measurement by computing a plurality of
complex bioimpedance signals at different frequencies. A
time chart can thus be generated of such complex values,

i.e. of the bioimpedance module and phase, comparable with

charts/complex patterns typical of the onset of

cardiopathies.

In particular, said means for determining the module and
the phase of each of said complex bioimpedance signals
comprises a amplifier a band-pass filter.

Advantageously, said means for analysing comprises:

- a programmable logic unit that contains said means forv

analysing;

- a memory connected to said programmable logic unit;

wherein said programmable logic unit is associated with

said sampling means, with said means for delivering and

with said means for measuring, in order to select a

predetermined frequency f; of said electric stimulus,

for generating and analysing said plurality of complex

bioimpedance signals, in particular the modulus and
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phase signals at said different frequencies f;, fa,...fn,
in a way to generate said time chart and compare it with
a time chart typical of a cardiopathy present in said
memory. This way, it 1is possible to evaluate the
evolution with time of said complex bioimpedance signals
measured at the different frequencies. It 1is then
possible to recognize and compare the trend obtained for
the patient with other trends, determined with the same
technique, which describe a time chart feature that
resembles the typical onset of cardiopathies.

In other words, the bioimpedance signals obtained with
multifrequency measurements of a patient for a period of
more days, are computed in order to obtain for each day a
characteristic chart that describes the trend of such
complex values, for example within one day.

Each daily chart will then added to other data, in order

to obtain a set of charts that as a time chart, for example

~a weekly chart. The chart is compared by a comparison means

with further bioimpedance charts that describe a trend
typical of the onset of a cardiopathy.

So, 1if by the comparison there is a correspondence
between the two charts, i.e. that with the known trend and
that obtained from the measurement on the patient, an early
diagnosis on the onset of the cardiopathy can be achieved.

In particular, said means for comparing can compare said
trend of the patient with the characteristic trend. In this
case, the comparison can be investigated further also on
the basis of the clinical data of the patient, for example
the fat mass index, age, sex, weight etc., making it
possible to obtain a even higher reliability and then a
more precise and accurate preliminary diagnosis.

Advantageously, said means for analysing 1is further

configured to extract from the complex bioimpedance signal,
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cardiovascular hemodynamic functionality signals like the’
cardiac output (volume-minute), the cardiac index, the

stroke volume, the system vascular resistance, the flow

~acceleration index, the flow velocity index, the thoracic

fluid content, the cardiac work, the pre-ejection time and
ventricular ejection time etc.

In particular, said hemodynamic signals are obtained from
a sampling at high frequency, for example 200 samples per
second for a predetermined time. In particular, the means
for analysing comprises a plurality of known algorithms for
analysing the bioelectric impedance signal and to turn it
into one of the above cited hemodynamic signals.

In other words, the algorithms applicable to the
bioimpedance module and phase signals, taken at different
frequencies, are configured to determine the set of the
above described hemodynamic variables for each signal at
different frequencies. By the comparison and by the control
of the values of the hemodynamic variables measured on the
signals at the different frequencies, 1is possible to
determine the hemodynamic parameters of the patient in a
way reliable and supported by numerical verification. In
substance, from the redundancy of the data an increased
reliability is achieved. The obtained data can discriminate
possible artifacts due to the fact that the device is
wearable and used directly by the end user. For example, if
some hemodynamic variables obtained to determine
frequencies have values higher or 1less than determined
thresholds, the system can communicate for example an
positioning error of the electrodes by an alarm.

In particular, said means for analysing 1is configured to
compare said cardiovascular hemodynamic functionality
signals with said time chart to obtain a more reliable

prediction of said cardiopathy.
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Preferably, said couple of injection electrodes and said
couple of sensor electrodes are substantially arranged in
line, in particular they can be associated with a belt‘or
other wearable element. This way, the relative position of

the electrodes remains fixed, in order to reduce the

‘artifacts of the measure due to a wrong or inaccurate

~positioning.

In particular, said device further comprises an interface
means that 1is configured to transfer the collected and
computed data to a central collection and correlation unit
which can correlate it with other signals.

Preferably, said interface means 1is a wireless or wired
interface means.

Alternatively, said interface means comprises a coupling
means that 1s arranged to provide a matching shape with

said central collection unit. In case of a wireless

 interface or an interface with matching shape the wearable

" device can monitor the patient for a long period, for

example 24h. For example, the patient can wear the device
during a whole day during whidh more bioimpedance signals
are determined and recorded for eventually generating a
time chart, for example in a several days time. Such chart,
can then be compared with a known trend of known
bioimpedance values in case of a cardiopathy, which allows
an early diagnosis thereof and then permits to adopt
preventive measures.

Advantageously, said interface means can be used for
combining the device with other sensor devices and modules,
such as an accelerometer, an electrocardiograph, a device

for pulse oximetry that measures the concentration of

oxygen in the blood, a module for measuring the pressure,

the temperature etc.

Brief description of the drawings
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The invention will be now shown with the following
description of an exemplary embodiment thereof,
exemplifying but not limitative, with reference to the
attached drawings in which:

- Fig. 1 shows a diagrammatical view of a wearable device
for early diagnosis of cardiopathies, according to the
invention;

- Fig. 2 shows a diagrammatical view of the wearable
device of Fig. 1 mounted to the thorax of a patient;

- Fig. 3 shows a block diagram that diagrammatically
shows the steps of measuring the bioimpedance phase
versus the current frequency; _

- Fig. 3A shows in particular the step of control and.
.comparison of the data of bioimpedance, in order to
ocbtain a time chart of such values for deriving an
early diagnosis on the onset of cardiac diseases, such
as a cardiac decompensation;

- Figs. 4 and 5 show a trend of the data of variable
frequency bioimpedance obtained from the measurements
made by the device of Fig. 1;

- Fig. 6 shows a diagrammatical view of the control of
each complex signal of bioimpedance, in order to obtain
the chart of Figs. 4 and 5;

- Fig. 7 shows a further ‘application of the device of

Fig. 1 that is configured to  extract hemodynamic

?arameters of the patient from the complex bioimpedance
signals;

- Fig. 8 shows a perspective view of the device according
to the invention mounted to a belt wearable by a

patient.

Description of a preferred exemplary embodiment

With reference to Figs. 1 and 2, a diagrammatical

View' is shown a device 100 of early diagnosis of
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cardiopathies in a patient 50 (Fig.2), such as a cardiac
decompensation and/or cardiovascular diseases which can be
determined by detecting hemodynamic variables. In
particular, the patient 50 has determined clinical data
that describe the health status, which are then combined
with the measurements obtained from the device 100, as
described below.

In particular, as diagrammatically shown in Fig. 2,
the diagnostic device 100 comprises a wearable support 1 on
which a diagnostic unit 5 is arranged that comprises a
means for delivering 10 an electric stimulus, in particular
a electric current stimulus I;, at a predetermined frequency
fi, to the patient’s body 50, at the thorax 55.
Furthermore, the diagnostic unit 5 comprises a means for
measuring 20 a thoracic electrical bioimpedance Z; applied
always on the patient’s body for providing a bioelectric
impedance signal Z; on the basis of the electric stimulus
I; at a predetermined frequency f;.

, The diagnostic device 100 also comprises, as also
shown in Fig. 3, an adjustment means 30 for adjusting the
frequency f; of the electric stimulus I;, included in the
means for generating 10, such that a plurality of electric
stimuli I, Ip, I3 .. In can be imparted at respective
different frequencies £f;, f,, f3 .. fn, such that the means
20 for measuring the thoracic electrical bibimpedanée
detects a corresponding complex bioimpedance'signal Zi, 7z
Z3, Zn for each plurality of electric stimuli I, I, Iz .. I,
at respective different frequencies f;, f,;, f;3 .. f4. By the
latter it is possible to obtain a plurality of complex
bioimpedance signals Zi, Zy, Z3 .. Zp.

Furthermore, the device for early diagnosis comprises
a memory 35 that is configured to store the plurality of

complex bioimpedance signals at a first time t;, at a
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second time t; and at an nth time t,, and a means for
extracting the real part Ri, Rz, R3 .. Ry of said complex

bioimpedance signals Z1, 22, Z3 .. Zn recorded in said memory

'35, respectively at said first time t,, second time t, and

-nth time t,, to obtain a respective time chart C;, C,, C, of

said real part for each frequency fi, £2,...£f5 at the times
t1, ta,...tn. '
In particular, the sampling time range is one day,

and the number n of said times t;, t,,...t, is set between 7

.and 30 days, preferably 14 days.

In addition, the device has a means for analysing 40.

the time chart C;, Cz, C, (Fig. 4 and 5) of the real part

Ri, Rz, Rs3 .. Ry, 1in order to obtain a decrease rate with

time of the real part for each frequency fi, f,,...f, and to

‘calculate a decrease value DR/Dt.

In addition, device 100 has a means 40 for analysing
the time chart of the complex bioimpedance signals 2, Za,

Zn, in order to obtain a decrease rate with time of the

'Complex signals of impedance Z,, Z,, Z, for each frequency

fi1, f2,...fnh and for calculating a decrease value.
Furthermore, associated with the means for analysing
40, a means 46 is provided to provide an alarm of cardiac

decompensation, said alarm generated if said decrease value

DR/Dt - is higher than a predetermined value DRy/Dt, as

described below more in detail.

More in particular, as shown in the block diagram of
Fig. 3A, the means for analeing 40 1is configured to
compare the time chart or data resulting from the real part
of the complex Dbioimpedance signals Zi, Zz,' 23 .. Zpnp
determined on the patient 50, with respect to a trend/data
chart of a cardiopathy monitored in a previous time, in
order to achieve an early check on the onset of said

cardiopathy.
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The complex bioimpedance signals Z;, Z;, Z3 .. Z, are

calculated as average values within a predetermined

measurement range, in particular set between 3 and 10

minutes.

In the same way, furthermbre, a means can be provided
for extracting the imaginary part L;, L, Ls; .. Ly, of the
complex bioimpedance signals 2, Z;, Z3 .. Z, to obtain a
respective time chart of said imaginary part for each
frequency £fi, f;,...f, at the times ti, ts,...ta;

The means for analysing (40) compute in this case the
time chart of the imaginary part Li, L, Lz .. L, in order
to obtain a rate of variation with time of the imaginary
part for each frequency f£f;, f3,...f, and to calculate a
variation value DL/Dt.

For the imaginafy part, a means 1is provided to
provide a parameter of cardiac decompensation associated
with the means for analysing 40 if the variation value
DL/Dt exceeds the limits by a predetermined range.

More in particular, as shown in Fig. 3A, the means for
analysing 40 associated with the memory 35 comprises a
programmable logic unit 45. The programmable logic unit 45
is associated in turn to the means for delivering 10 and to
the means for measuring 20, in order to select a
predetermined frequency f; of the electric stimulus I¢ to
deliver, and to analyse the corresponding bioimpedance
signals Zfi, 1in particular the signals of module |Zi| and
phase P;, measured at the different frequencies, in order
to compare them with other previous data stored in memory
35. This way, it is possible to evaluate the evolution with
time of the real part ofvthe complex bioimpedance signals
measured at the different frequencies. It is then possible
to recognize and compare the trend obtained for the patient

50 with other trends, determined with the same'technique,
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which describe a time chart in the many instants ti, tia, tn
feature that copy the typical onset of cardiopathies.

This way, the analysis of the real part R;, Ry, R3
R, of the complex bioimpedance signals Z;, Zz, 23 .. Zp
obtained starting from a plurality of electric stimuli I,

I,, Is .. I, at different frequencies £f;, f, f3.. f,, makes it

possible to obtain a reliable measurement by computing a
plurality of real values of bioimpedance at different
frequencies. This way a time chart of such real values can
be generated, in particular of the module |Z| and also of
the phase P of the bioimpedance, comparable with charts/
complex patterns, that are typical in case of onset of
cardiopathies, as measured in different times or using
characteristic data.

In detail, the use of more currents at different
frequencies allows to discard changes of the bioimpedance
values that are anomalous and not directly connected to an
accumulation of 1liquid that 1is characteristic of a
potential cardiopathy, but are due to other causes, for
example to habits of the patient.

In particular, the charts of the real part of the
bioimpedance obtained for each current and frequency, as
shown in Fig. 4 and 5, which show a monitoring done in a
predetermined period of time, for example 15 days, are
computed through a comparison block 55 that has as input
the data measured on the patient 50 in different previous
instant/daily measurements. Furthermore, also
characteristic data can be compared on the basis of the
clinical data of patient 50.

Even more in detail, the cardiac decompensation has a low
sampling frequency, about a sample per day, 1i.e. a daily
value of bioimpedance daily. To determine this daily value

for example a value per second is acquired for a time of 5
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min and then the collected data are computed, in order to
obtain a single average value, as above described.

‘The bioimpedance signals obtained on the patient 50 with
multifrequency measurements for a period of more days, are
computed, in order to obtain characteristic charts as shown
in figs. 4 and 5. In particular, Fig. 4 depicts the
bioimpedance module, or real part, versus the frequency for
days 1, 2.. N. In This way, it is possible to observe the
trend of variation of this quantity in more days.

As shown 1in Fig. 5, it 1is, furthermore, possible to
return. the values of module (shown) and phase (not shown)
of the bioimpedance taken for each single frequency f; for
each day. '

The graphs thus obtained are compared, by the means for

‘comparing, with further bioimpedance charts that describe a

typical trend of the onset of a cardiopathy, not shown.

Is obtained then that, if by the comparison there is a
correspondence between the two charts, i.e. that with the
known trends and that obtained from'the measurement on the
patient, an onset of the cardiopathy can be diagnosed in
order to prevent the cardiopathy.

In particular, the means for comparing 55 compare the
trend of the patient with the trend of the previous days
ti, t2, tn as well as with known data that are obtained from
thevclinical data of the patient 50. In this case, the
comparison can be investigated also on the basis of such
patieﬁt’s clinical data which comprise for example fat mass

index, age, sex, weight etc., to obtain a even higher

reliability and then a more precise and accurate

preliminary diagnosis.
On the basis of such multifrequency bioimpedance
measurements, a cardiac decompensation or other cardiac

diseases can be diagnosed in advance with respect to the
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consequent diseases,  in order to prevent them with
appropriate therapies carried out on patient 50 under
strict monitoring.

More in particular, as shown in Fig. 1, said means
for analysing 40 comprises a sampling means 25 that 1is
configured to operate the means for delivering 10 and the
means for measuring 20 in a predetermined time range, in
order to repeat a plurality of measurements at times ti,
tz, tn that are distant by said time range from each other.
Structurally, the means for delivering 10 the electric
stimulus comprises a couple of skin injection electrodes
11, 12 arranged at a distance from each other on the thorax
of the patient 50, and a variable frequency electric

generator 10 connected to the skin injection electrodes

- 11/12 and associated with the means 30 for adjusting the

current stimulus. More precisely, the electric stimuli I,

I,, I3 .. I, are obtained starting from a variable frequency

voltage generator V(f) that represents the adjustment means

30. The variable frequency voltage thus obtained is then

converted into the respective currents I, IZ[ I ... I, at
respective different frequenciés fi, £, £5 .. £, by a block
31.

In detail, the frequencies f;, f;,...f, are comprised in a

range set between 1 kHz and a 1MHz and said electric
stimuli have an intensity set between 0.1mA and 0.5mA, in
particular 0.44mA.

Instead, the means for measuring 20 comprises a couple
of skin sensor electrodes 21, 22 arranged substantially
between the couple of injection electrodes 11, 12, as shown
in Fig. 2, configured to measure a voltage Vg tuned to the
plurality of electric stimuli I; at respective different
frequencies f; and a means for calculating 27 the module

|Zi| of the bioimpedance as ratio between the absolute
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values of the digital numerical series responsive to a
voltage V¢ and the digital numerical series responsive to
the current stimulus I; at a predetermined frequency f;, in
order to obtain a corresponding digital numerical signal of
the module Z of the bioimpedance (Fig.6).

In addition, as also shown in. Fig. 6, the means for

measuring 20 comprises a means 29 for calculating the phase

PP; of the bioimpedance as phase shift time At between the
voltage Vg and the current stimulus I; at a predetermined
frequency f;j, in order to obtain a corresponding signal P;
of the bioimpedance phase. Furthermore, as shown in Fig; 6,
a means 29a for converting the signal of the phase PP; of
the bioimpedance into a respective digital numerical signal
is provided. This way, the couple of skin sensor electrodes
21, 22 measure a voltage Vg tuned to the current stimulus
Iy at frequency fl. By the ratio V1 /Is=7f the module of
the bioelectric impedance signal Zf; relative to frequency
f; can be obtained. Changing the frequency of the current I
for a predetermined frequency band the modules of the
bioimpedance signals Zfi1, Z¢2, Z¢3, .. Z¢n are obtained.

In the same way, for each voltage value Vg tuned to
the current stimulus If; at the respective frequency, the

injected current signal If 1is compared with the measured

voltage signal V¢; taking into account the delay time At;.

In particular, as shown in the diagrammatical view of

Fig. 6, the current 1I; 1is genérated starting from a

predetermined digital numerical series, then turned into
analog signal by a digital-analog converter, and eventually
transformed from voltage to current which is supplied to
injection electrodes 11, 12. On the bther hand, sensor
electrodes 21, 22 detect a corresponding voltage that

passes through a filter and then through a signal amplifier
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and eventually through a digital-analog converter for
making a corresponding voltage digital signal.

The bioimpedance module is obtained by combining the
digital signals of current I; and of voltage V;. To obtain
the phase P the phase shift time is measured between the
analog signal of the injected current and the analog signal
relative to the measured voltage. Such phase shift, which
is the bioimpedance phase, is then encoded into a digital
signal for assisting the computing steps.

More in particular, the steps of computing the module and
the phase of each complex bioimpedance signal Z; are made,
as shown in Fig. 6, by means of respective analog and/or
digital demodulator electronic circuits 27/29, among which
a divider block for the module and a phase detector for the
phase, from which the respective digital signals of the
module Z and of the phase P; exit as output. In an

advantageous way, the means for calculating the module and

" the phase comprises, furthermore, a signal amplifier 28 and

a band pass filter 26 accordable in frequency.

Such a multifrequency measurement of the bioimpedance is
used, furthermore, to obtain hemodynamic signals, i.e. data
on cardiac parameters that can be compared and combined
with the monitoring results obtained as above described.

In particular, such hemodynamic signals are obtained from
a higher sampling frequency, for example 200 samples per
second for a time of 1 minute, and from a computing step,
by means of known algorithms of curves representing said
signals (Fig.4 and 5). The sampling, i.e. detecting the
plurality of complex sigﬁals, on both module and phase, of
the bioimpedance, and the parameters from it obtained, are
in this case instantaneous.

In other words, the means for analysing 40 comprises a

plurality of known algorithms for extracting, from the"
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bioimpedance complex signal, cardiovascular hemodynamic
functionality signals, like the cardiac output (volume-
minute), the cardiac index, the stroke volume, the system

vascular resistance, the flow acceleration index, the flow

‘velocity index, the thoracic fluid content, the cardiac

work, the pre-ejection time and ventricular ejection time
etc.

Furthermore, said means for analysing 40 is configured to
compare the cardiovascular hemodynamic functionality
signals with the time chart of the Dbioimpedance
measurement, to obtain a more reliable prediction of said
cardiopathy.

Through multifrequency device 100, according to the
invention, the above described parameters are calculated
not on the basis of a signal detected at a single
frequency, but on the basis of a plurality of signals
measured at different frequencies.

Such solution allows to overcome the difficulties of the

' known devices that require a hospitalisation, specialized

operators for applying the electrodes, and laying steadily
the patient 50 on a special plane support.

The multifrequency device, according to the invention,
allows instead a practical usage that enables the patient
50 a simple and direct application of the device same.

In other words, a peculiar element of device 100 with
respect to the known devices consists of applying such
algorithms not only to a biocelectric impedance signal
(bioimpedance module) acquired at a predetermined

frequency, but also of applying them to a plurality of

‘signals taken at different frequencies. This way a set of

values of the hemodynamic variables is generated for each
frequency of the stimulation signal. By comparing and

computing such numerical set reliable values of the



10

15

20

25

30

WO 2012/049552 PCT/IB2011/002386
24

hemodynamic variables of the patient are obtained, even
with a wearable device.

If some hemodynamic variables obtained at determined
frequencies turn out with wvalues higher or less than
determined thresholds, the multifrequency monitoring
allows, 1in fact, to generate for example a positioning
error signal of the electrodes and then to warn the patient
that an alarm threshold has been exceeded.

In particular, as shown in the diagrammatical view of
Fig. 7, by the bioimpedance multifrequency data 2i,
relative both to the module and the phase, measured on the
patient 50, and by their comparison using an algorithmic
“merging”, hemodynamic signals are obtained responsive to
the frequency f;.

Such hemodynamic signals can be further computed and
integrated on the basis of the clinical data of the same
patient 50 to obtain a realistic and reliable value.

Finally, by combining the hemodynamic variables thus
obtained with the comparison of the multi frequential
complex pattern of the bioimpedance with known charts and
trends which are relative to situations of cardiopathy, it
is possible to obtain an early diagnosis in a way reliable
using a wearable device and of easy use.

In a preferred exemplary embodiment, as shown in Fig. 8,

- the couple of injection electrodes 11, 12 and the couple of

sensor electrodes 21, 22 are subétantially arranged 1in
line, in particular they can be associated with a belt or
other wearable element 60. This way, the relative position
of the electrodes remains fixed, in order to reduce the
artifacts of the measurement due to a wrong or inaccurate
positioning.

In particular, the device further comprises an interface

‘means that is configured to transfer the collected and
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computed data to a central collection and correlation unit
which can correlate it with other signals. The interface
means 1is for example a wireless or wired interface or,
alternativeiy, a coupling means that is arranged to provide
a matching shape with the central collection unit 200, as
shown in Fig. 8.

In case of a wireless interface or an interface with
matching shape device 100 is wearable and is configured to
monitor the patient 50 for a long period, for example 24h
or for more days.

In a further application, the interface means can be used

- for combining device 100 with other sensor devices and

modules such as an accelerometer, an electrocardiograph, a
device for ©pulse oximetry that measures the oxygen
concentration in the blood, a module for measuring the
pressure, the temperature etc.

The foregoing description of an embodiment of the method

~and of the apparatus'according to the invention will so

fully reveal the invention according to the conceptual
point of view, so that others, by applying current
knowledge, will be able to modify and/or adapt for various
applications such embodiment without further research and
without parting from the invention, and it is therefore to
be understood that such adaptations and modifications will

have to be considered as equivalent to the specific

embodiment. The means and the materials to realise the

different functions described herein could have a different
nature without, for this reason, departing from the field
of the invention. It is to be understood that the
phraseoclogy or terminology the is employed herein is for

the purpose of description and not of limitation.
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CLAIMS

1. A early diagnosis device (100) in a patient (50) for

cardiopathies such as a cardiac decompensation and/or

cardiovascular diseases which can be determined by

detecting hemodynamic variables of the patient (50),

said early diagnosis device (100) comprising:

a wearable support (1);

a diagnostic unit (5) mounted to said wearable
support (1), said diagnostic unit (5) comprising:

a means for delivering (10) an electric stimulus I;
at a predetermined frequency f; to the body of said
patient (50),

a means for n@asuring (20) a thoracic electrical
bioimpedance Z; in the body of said patient (50) by
providing a bioelectric impedance signal on the
basis of said electric stimulus I; at said
predetermined frequency £f;;

an adjustment means {30) for adjusting said
frequency of said electric stimulus I; such that a .
plurality of electric stimuli is delivered I;, I,,.
Is .. I, at respective different frequencies £f;,
fo,...fq, said means for measuring (20) the
thoracic electrical bioimpedance Zi configured to

measure a corresponding complex bioimpedance signal

%21, 22, 23 .. Z, for each of said plurality of
electric stimuli I, I, Iz .. I, at respective
different frequencies f;, f;,...f,, and to provide a

plurality of complex bioimpedance signals Zi, Z2, Z3
. Ln;

a memory (35) that is configured to store said
plurality of complex bioimpedance signals Zi, Z2, Z3

. Zn at a first time t,, at a second time t; and at
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an nth time ty;

- a means for extracting the real part R;, Rz, Rz .. Ry
of said complex bioimpedance signals Zi, Z2, 23 .. Zn
recorded 1in said memory at said first time t4,
second time t, and hth “time t,, to obtain a
respective time chart C;, Cz, C, of said real part
for each frequency fi, f,,...f, at the times Ty,
t@yre.tad

- a means for analysing (40) said time chart C;, C,,
Cn of said real part R;, Ry, Rz .. R,, in order to
obtain a decrease rate with time of said real part
for each frequency fi, f£2,...f, and to calculate a
decrease value DR/Dt;

- an alarm means to provide an alarm (46) of cardiac
decompensation associated with said means for
analysing (40), said alarm generated if said
decrease value DR/Dt is higher than a predetermined

value DRg/Dt.

2. A device, according to claim 1, wherein said means for

analysing (40) comprises a sampling means (25) that is

ladapted to operate said means for delivering (10) and

said means for measuring (20) in a predetermined time
range, in order to repeat a plurality of said
bioimpedance measurements at times ti;, t2,...t, that are

distant said time range from each other.

3. A device, according to claim 2, wherein said sampling

time range is one day, and said number n of times ti,
ty,...tn 1is set between 7 and 30 days, preferably 14
days.

. A device, according to claim 1, wherein said means for

analysing (40) is configured to comparev said decrease
value DR/Dt obtained from a time chart of the real part

Ry, Rz, Rs; .. Ry of the complex bioimpedance signals
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determined on the patient (50) also with characteristic
time charts of a cardiopathy that is.adapted by means of
clinical data of said patient (50), in order to increase
the amount of data for comparison and to obtain a more
precise prediction, in particular said clinical data
describing the health status of the patient and being
selected from the group consisting of: age, sex, weight,

fat-free mass index, etc.

. A device, according to claim 1, wherein said means to

provide an alarm (46) comprise an acoustic emitter.

. A device, according to claim 1, wherein the following

are further provided:
- a means for extracting the imaginary part .Li, Ly, Ls
. Ly, of said complex bioimpedance signals Zi, Z,, 23
Zn to obtain a respective time ‘chart of said
imaginary part for each frequency £f;, f,,...f, at
the times t(), t(2,..-ta; o
- a means for analysing (40) said time chart of said
imaginary part Ii, Lz, L3 .. Ln, in order to obtain a
rate of variation with time of said imaginary part
for each frequency f;, f2,...f, and to calculate a
variation value DL/Dt;
- a -means to provide a cardiac decompensation
parameter associated with said means for analysing
(40) if said variation value DL/Dt exceeds the

limits by a predetermined range.

7. A device, according to claim 1, wherein said complex

bioimpedance signals Zi, Z;, Z3 .. Zp are calculated as
average values within a predetermined measurement

range, in particular set between 3 and 10 minutes.

8. A device, according to claim 1, wherein said means for

delivering (10) an electric stimulus I; deliver a

electric current stimulus and comprises:
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- ‘a couple of skin injection electrodes (11, 12) at a
distance from each other and arranged on the thorax
of said patient (50);

- 'a variable current frequency generator (10)
connected to said skin injection electrodes (11,
12) and associated with said adjustment means (30)
that adjust said current stimulus I;, such that
said adjustment means (30) controls in frequency
said current generator (10) such that it ‘injects
said plurality of electric stimuli I;, I, Iz .. Ip
at respective different frequencies f;, f,, f3 .. fq
said current having a corresponding predetermined

digital numerical series.

9. A device, according to claim 1, wherein said different

frequencies f;, f,,...f, are comprised in a range set
between 1 kHz and a 1 MHz and said electric stimuli I:,
I,, Iz .. I, of current have an intensity set between

0.1lmA and 0.5mA, in particular 0.44mA.

A device, according to claim 1, wherein said means for

measuring (20) comprises:

- a couple of skin sensor electrodes (21, 22) arranged
substantially Dbetween said couple of injection
"electrodes (11, 12), said .cQuple of skin sensor
~electrodes (21, 22) configured to measure a voltage
‘V¢i tuned to said plurality of electric stimuli I, I,,
Is .. I, at respective different frequenciés fi,
fo,...f0;

- a means for transforming said voltage into a digital
numerical series;

- a means for calculating (27) the module [Zi] of the
bioimpedance as a ratio between the absolute values of
said digital numerical series responsive to said

voltage V¢ and of_ said digital numerical series
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" responsive to said current stimulus I; at a
predetermined frequency fi, 1in order to obtain a
corresponding digital numerical signal of the module Z
of the bioimpedance;

- a means for calculating (29) the phase P; of the

bioimpedance as phase shift time At between said
voltage V¢ and said  current stimulus I; at  a
predetermined frequency fij, in order to obtain a
corresponding signal of the bioimpedance phase;

- a means for converting (29%a) said signal of the phase
P; of the bioimpedance into a respective digital

numerical signal.

A device, according to claim 1, wherein said means for
analysing (40) comprises: ‘
- an programmable logic unit (45) that contains said
means for analysing; | .
- said memory (35) connected to said programmable logic
unit (45);
wherein said programmable logic unit (45) is associated
with said sampling means (25), with said means for
delivering (10) and with said means for measuring (20)
in order to select a predetermined frequency f; of said
electric stimulus I; for generating and analysing said
plurality of complex bioimpedahce signals, in particular
for generating and analysing the modulus and phase
signals at said different frequencies f;, f,,...fn, in a
way to generate said time chart C;, C,, C, and compare it

with a time chart present in said memory (35).

A device, according to claim 1, wherein said means for
analysing (40) is further configured to extract the from
sais complex bioimpedance signals, cardiovascular
hemodynamic functionality signals like a cardiac output

(volume-minute), a cardiac index, a stroke volume, a
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system vascular resistance, a flow acceleration index, a
flow velocity 1index, the thoracic flﬁid content, a
cardiac work, the pre-ejection time and ventricular

ejection time etc., in particular, said hemodynamic

‘signals obtained from a sampling at high freQuency, in

particular 200 samples per second for a predetermined
time.

A device, according to claims 1 and 3, wherein said
means for analysing (40) 1is configured to compare said
cardiovascular hemodynamic functionality signals with
said time chart to obtain a more reliable prediction of

said cardiopathy.

A device, according to claim 1, wherein said device
(100) further comprises an interface means that. is
adapted to transfer the collected and computed data to a
central collection and correlation wunit (200) for
correlation with other signals, in particular said
interface means is a wireless or wired interface means,
in particular said interface means can be used for
combining the device with other sensor devicés and

modules, such as an accelerometer, an ECG, a device for

- pulse oximetry that measures the oxygen concentration in

the blood, a module for measuring the pressure, the

temperature etc.
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