wo 2017/175120 A1 [N A D00 OO O R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

12 October 2017 (12.10.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/175120 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
A61B 5/021 (2006.01) A61B 5/00 (2006.01)
A61B 5/022 (2006.01) A61B 5/0402 (2006.01)

International Application Number:
PCT/IB2017/051904

International Filing Date:
4 April 2017 (04.04.2017)

Filing Language: Italian
Publication Language: English
Priority Data:

102016000034368 4 April 2016 (04.04.2016) IT

Applicant: WINMEDICAL S.R.L. [IT/IT]; Via Giuntini
63, 56023 Navacchio di Cascina (IT).

Inventors: VALDASTRI, Pietro; Via Byron, 7, 57125
Livorno (IT). DE NEGRI, Ferdinando; Via E. Avanzi 4,
56124 Pisa (IT).

Agents: CELESTINO, Marco et al.; Viale Giovanni Pis-
ano 31, 56123 Pisa (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(34

Title: IMPROVED WEARABLE TONOMETER

(57) Abstract: An improved tonometer (1) for continuously monitoring the arterial blood pressure of a patient for a predetermined
period of time comprises a bracelet (10) configured in such a way to be applied to a wrist of a patient (100). It is, furthermore,
provided a detection group (20) mounted on the bracelet (10) and arranged to detect a pressure signal. The detection group (20)
comprises a plurality of pressure sensors (25) arranged to detect a respective pressure signal associated to the blood pressure wave of
the patient (100). At least one pressure sensor (25) is positioned, in use, in proximity of the radial artery of the patient (100), at the
opposite side of the radial bone. It is, also, provided a touching group (60) that is interposed, in use, between the detection group
(20) and the radial artery of the patient and equipped with a plurality of protuberant members (65a-65d), each of which associated to
a respective pressure sensor (25) and arranged to be positioned, in use, into contact with the skin of the patient, in such a way to ex-
ert a predetermined force F on the radial artery.
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TITLE

IMPROVED WEARABLE TONOMETER

DESCRIPTION

Field of the invention

The present invention relates to the medical field,
and, 1in particular, it relates to a tonometer that is worn
by a patient, for continuocusly and non-invasive monitoring
of a superficial artery of a patient, as, for example, the
radial artery.

Furthermore, the invention relates to a method for
measuring that 1is carried out Dby the above mentioned

tonometer.

Description of the prior art

As known, the arterial blood pressure is one of the
more useful parameters for diagnosing cardiovascular
diseases, and for obtaining a follow-up 1n patients

suffering from these diseases.

The tonometer 1is a non-invasive apparatus that allows
to detect the arterial blood pressure, by compressing a
superficial artery, for example the radial artery, against
the bone structures arranged below it. From the arterial
blood ©pressure are, then, determined, by using an
appropriate algorithm, both the central arterial blood
pressure, and the central aortic pressure, both systolic

and diastolic.
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A wearable clock-shaped tonometer 1s disclosed in
I1.166200. The use of a clock-shaped tonometer allows, on
the one hand, to make the tonometer comfortable to be
wound, and on the other hand, to motorize the arterial
blood pressure in a patient also for a long period of time
even far away from a specialized centre, and without the
support of a qualified person. In particular, the device of
IL166200 comprises a pressure sensor that is immersed in a
chamber containing a transmission fluid, for example a gel.
The chamber 1s arranged into contact with the artery and
the transmission fluid transmits forces that arise from the
deformation of the artery. Opposite to the sensor chamber,
a display unit is provided by which the data measured by
the sensor can be displayed.

However, this solution provides to wuse a single
pressure sensor, and, therefore, when the device is wound
by the patient, it moves away from the starting position,
and the artery signal is inevitable lost.

In order to overcome this drawback, devices have been
developed that provide an array of sensors. For example, a
tonometer of this type is described in US2009069698. 1In
this case, a control unit is provided that, according to
the intensity and to the quality of the signals received
from each sensor, selects the sensor with the best signal,
and carries out the measurement through the sensor so
identified. In this way, the reliability of the tonometer

is increased with respect to the previous case, because the
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pressure sensor is selected that is the one best positioned
above the artery.

However, during the measurement of the pressure signal,
the device described 1in US2009069698 is affected by
background errors due, in particular, to the cross talk
between the different sensors.

Furthermore, due to the movement of the wrist, or due
to a push, the tonometer can move from a starting position,
whereby the sensor that has been initially selected, can
lose the signal becoming a sensor that is not able to
correctly detect the blood pressure wave of the patient.

In Edward J. Ciaccio and Gary M. Drzewiecki “Tonometric
arterial ©pulse sensor with noise cancellation” IEEE
Transactions on Biomedical Engineering, vol. 55, no. 10,
October 2008, a device 1is described for permanently non-
invasively monitoring the pressure wave of an artery. In
particular, two pilezoelectric sensors are provided in order
to eliminate artifacts that reduce the quality of the
signal, in particular movement artifacts and background
noise. A first sensor 1s located at the radial artery (p)
and another sensor 1is positioned in such a way that to
prevent any overlapping with the artery pulsation (n). A
step of noise removal is conventionally carried out using a
reference input, or reducing the movement and noise
artifacts from the acquired artery pulsation tonometric
signal.

Even in this case, the arrangement of the sensor upon
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the artery must be carried out with precision, so that the
received measurement signal is strong enough.

A further tonometric device of known type provides a
detection unit comprising a determined number of sensors
immersed in a gel and an interface positioned into contact
with the skin and made of plastic and rubber. However,
these materials generate a nonlinearity in the transmission
of the applied force/pressure, thus deforming the
plethysmographic curve and, therefore, possible measurement
errors.

In WO2013/068955 in the name of the same Applicant, a
tonometer 1is described comprising a support body that can
be wound by a patient and a detection unit mounted on it,
and comprising a determined number of sensors. Between the
sensors and the wrist of the patient an element made of
silicone rubber is provided.

Another example of wearable tonometer, analogous to the
previous, 1s described in US6491647. In this case, linear
springs are provided elastically supporting the touching
member that is arranged, in use, into contact with the skin
of the patient.

Notwithstanding, both these solutions of prior art have
some drawbacks. In fact, both the =silicone rubber of
W02013/068955, and the linear springs of US6491647 are not
capable to transmit the pressure pulses without modifying
the signal. In other words, the shape of the pressure

signal that 1is detected by the sensors has, in both the
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cases, a high 1level of noise and, therefore, these
solutions do not allow to accurately measure the arterial

blood pressure.

Summary of the invention

It is, therefore, an object of the invention to provide
a wearable tonometer that allows to improve the sensibility
of the sensors, in particular increasing the ratio between
the detected signal and the noise, in particular due to the
cross talk between the different sensors that are used.

It is also an object of the invention to provide a
wearable tonometer that is able to guarantee that the force
applied on the wrist of the patient, that is necessary for
measuring the blood pressure wave, 1is constant.

It is another object of the invention to provide a
wearable tonometer that is able to guarantee that the same
is maintained in a correct position on the wrist of the
patient for all the measurement time in such a way to
obtain an accurate and reliable measurement signal.

These and other objects are achieved by an improved
tonometer for continuously monitoring the arterial blood
pressure of a patient for a predetermined period of time,
sald tonometer comprising:

— a bracelet configured in such a way to be applied to

a wrist of a patient;

— a detection group mounted on the bracelet and

configured for detecting a pressure signal, said
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detection group comprising a plurality of pressure
sSensors arranged to detect a respective pressure
signal associated to the blood pressure wave of the
patient, at least a pressure sensor of said plurality
being positioned, 1in use, 1n proximity of the radial
artery of the patient, at the opposite side of the
radial bone;
— a touching group interposed, in use, between the
detection group and the radial artery of the patient,
salid touching dgroup equipped with a plurality of
protuberant members, each protuberant member of said
plurality arranged to be positioned, 1in use, into
contact with the skin of the patient, in such a way to
exert a predetermined force F su said radial artery and
to transmit the received pressure pulses to a
respective pressure sensor associated to it;
— a processing unit arranged to process the pressure
signal detected dal detection group in such a way to
determine the blood pressure wave of the patient;
whose main characteristic is that the touching group is
made of a material having a predetermined elastic constant
greater than the elastic constant of the radial artery,
that the touching group comprises a base portion that is
integral, in use, to the detection group and a plurality of
connection portions, each of which arranged to elastically
connect a respective protuberant member to the base

portion, and that each connection portion comprises a
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plurality of connection arms configured in such a way to
have a controlled elastic flexibility along a predetermined
direction substantially orthogonal a said base portion,
such that each protuberant member is able to elastically
move along a direction that is substantially orthogonal to
the base portion.

In particular, the technical solution according to the
present invention allows to have an elastic response,
because, with respect to the prior art solutions, the
ration Dbetween the elastic contribution and the viscous
contribution, is increased. In this way, 1t is possible to
reduce the cross talk between the sensors, and, therefore,
to increase their sensibility.

Other features of the present invention are described
in the dependent claims.

In a first embodiment, both the connection portion and
the base portion, and the protuberant members are made of a
plastic material having an elastic constant greater than
the elastic constant of the radial artery.

Advantageously, the plastic material can be a
thermoplastic material, e.qg. Acrylonitrile Butadiene
Styrene, or ABS. In this way, 1t is possible to simplify
and reduce the costs related to the production process.

In particular, the whole touching group can be produced
by moulding of plastic material.

In an alternative embodiment, the connection portion is

made of a metallic material, whereas, the base portion and
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the protuberant members are made of a plastic material
having an elastic constant greater than the elastic
constant of the radial artery.

In particular, it is, furthermore, provided an
adjusting device arranged to bring/move away the touching
group near to/from said radial artery, in such a way to
adjust the force F that is exerted by the touching group on
the wall of the radial artery.

Advantageously, the adjusting device comprises a worm
screw on which the touching group is slidingly mounted
along a direction that is substantially orthogonal to the
wrist of the patient. In particular, an operating knob can
be provided, acting on which the sliding of the touching
group along the worm screw is operated.

In a possible embodiment, the detection group comprises
at least 3 pressure sensors positioned in a row. Therefore,
in this case, the touching group comprises, in its turn, at
least 3 respective protuberant members, also these
positioned in a row. However, other alternative embodiments
are provided comprising, in particular, a different number
of sensors positioned along a single row, or positioned
according to an array comprising a predetermined number of
rows and a predetermined number of columns.

In particular, the bracelet can comprise:

— a support portion arranged to engage, 1n use, said

detection group;

— a strap made of a flexible material and comprising a
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first portion and a second portion having a respective

first end fixed to the support portion, at opposite

sides, and a respective second end, which is free;

— an engagement device arranged to engage, 1in use,

salid first and said second portion of said strap.

Advantageously, a locking device 1is, furthermore,
provided that 1s arranged to maintain in a locking
configuration the engagement device and the containing
body. In this 1locking configuration, the first and the
second portion of the strap are tightened between the
engagement device and the containing body.

Advantageously, the engagement device provides a main
body having a first and a second aperture positioned at
opposite sides and arranged to tighten, in use, the second
end of the first portion and the second end of the second
portion of the strap, respectively.

According to another aspect of the invention, an
improved tonometer for continuously monitoring the arterial
blood pressure of a patient for a predetermined period of
time comprises:

— a bracelet configured in such a way to be applied to

a wrist of a patient;

— a detection group mounted on the bracelet and

arranged to detect a pressure signal, said detection

group comprising a plurality of pressure sensors
arranged to detect a respective ©pressure signal

associated to the blood pressure wave of the patient,
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at least a pressure sensor of said plurality being
positioned, in use, 1n proximity of the radial artery
of the patient, at the opposite side of the radial
bone;

— a processing unit arranged to process saild pressure
signal detected da said detection group in such a way
to determine the blood pressure wave of the patient;

— a containing body arranged to house, in use, said
processing unit;

and wherein the bracelet comprises:

— a support portion arranged, in use, to engage said
detection group;

— a strap made of a flexible material and comprising a
first portion and a second portion having a respective
first end fixed to the support portion at opposite
sides, and a respective second end , which is free;

— an engagement device arranged to engage, 1in use,
sald first and said second portion del strap;

— a locking device arranged to maintain in a locking
configuration said engagement device and said
containing body, in said locking configuration said
first and said second portion of said strap being
tightened between said engagement device and said
containing body, in such a way to lock said bracelet in
a correct position with respect to the arm of the
patient, in which said detection group is positioned at

the artery of the patient and said containing body is
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positioned at the upper substantially flat of the wrist

of the patient.

In particular, the engagement device is positioned, in
use, at the opposite side of the support portion with
respect to the wrist of the patient.

According to a further aspect of the invention, a
system for determining the arterial blood pressure of a
patient comprises:

— a tonometer as above described arranged to generate

a tonometric curve;

— an ECG device arranged to generate an

electrocardiographic curve;

- a microcontroller arranged to process the

electrocardiographic curve and the tonometric curve of

the patient undergoing examination at determined
instants (ti) for determining the pulse transit time,
or PTT, i.e. the delay Dbetween the 2 curves, in
particular by computing the delay between a r-peak of
the electrocardiographic curve and a corresponding peak
of the tonometric curve, said microcontroller, then,
arranged to associate said computed delay to a
determined reference value of the arterial blood
pressure and a measure a said determined instants (ti),
the difference APA(ti) between the value PAl(ti) of the
arterial blood pressure of the patient, estimated by
the pulse transit time, and the value PA2(ti) of the

arterial Dblood pressure estimated by the tonometric
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curve.

In particular, if the above difference between PAl (ti)
and PA2(ti) 1is greater than a predetermined threshold
value, the microcontroller operates an oscillometric device
arranged to measure an arterial blood pressure value
PA3 (ti) by oscillometric technique.

Then, the microcontroller is arranged to associate said
arterial blood pressure value PA3(ti) both to the wvalue
PA2 (ti) of the arterial blood pressure estimated by the
tonometric curve, and to the wvalue PAl(ti) of arterial
blood pressure estimated by the pulse transit time. 1In
other words, the microcontroller 1is arranged to start a
calibration step in which the wvalue of the arterial blood
pressure estimated by the sole tonometric curve PA2 (ti) and
the one estimated by the delay between the tonometric curve
and electrocardiographic curve PAl (ti) are aligned with the
one estimated with the oscillometric technique PA3(ti).

More precisely, the oscillometric device is arranged to
determine the arterial blood pressure of the patient by
processing the air oscillations registered inside a muff
that is applied to an arm of the patient, during the
deflating step. When the microcontroller detects a
difference exceeding a predetermined threshold value
PA* (ti) between the arterial blood pressure value measured
by the tonometer PAl(ti), and the wvalue of the arterial
blood pressure estimated by the technique of pulse transit

time PA2(ti), it operates the oscillometric device in such
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a way to obtain a wvalue of the arterial blood pressure of
calibration PAC(ti). The microcontroller proceeds, then, to
associate this wvalue of the arterial blood pressure of
calibration both to the wvalue of the arterial blood
pressure determined by the tonometer and the wvalue of the
arterial blood pressure determined by the pulse transit

time.

Brief description of the drawings

The 1invention will now be shown with the following
description of its exemplary embodiments, exemplifying but
not limitative, with reference to the attached drawings in
which:

- Fig. 1 1s a perspective view of the tonometer,

according to the invention, applied to a wrist of a

patient;

— Fig.2 diagrammatically shows, in a sectioned view,

the working position of the tonometer of figure 1 with

respect to the artery and the radial bone of the
patient;

- Figg.3 and 4 show, 1in perspective views, some

details of the strap, and the relative locking device,

of the tonometer, according to the invention;

— Figg.5 and 6 show in 2 different perspective views

the strap of figure 3 provided with the engagement

device according to the invention;
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- Figg.7 and 8 show 1in a plan view and in a
perspective view, respectively, a first embodiment of a
touching group according to the invention;

- Figg.2 and 10 show in a plan view and in a
perspective view, respectively, an alternative
embodiment according to the invention, of the touching
group shown in the figures 7 and 8;

— Figg.ll and 12 diagrammatically show, in a partially
sectioned view, some components of the tonometer,
according to the invention, in order to highlight some
features;

— Figures from 13 to 17 diagrammatically show an
alternative embodiment of the tonometer shown in the
figures 1 and from 3 to 6;

— Figg.18 and 19 diagrammatically show the system,
according to the invention, for determining the blood

pressure wave of a patient.

Detailed description of the invention

With reference to figure 1, an improved tonometer 1 for
continuously monitoring the arterial blood pressure of a
patient for a predetermined period of time, comprises a
bracelet 10 configured in such a way to be applied to a
wrist of the patient 100. The tonometer 1 provides,
furthermore, a detection group 20 mounted on the bracelet
10 and arranged, 1in operating conditions, to detect a

pressure signal. As diagrammatically shown in the figures
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11 and 12, the detection group 20 comprises at least 2
pressure sensors 25, for example of piezoresistive, or
pilezoelectric type, arranged to detect a respective
pressure signal associated to the blood pressure wave of
the patient 100. More precisely, at least a pressure sensor
25 of the detection group is positioned, in use, in
proximity of the radial artery of the patient 100, at the
opposite side of the radial bone. More 1in detail, the
sensors 25 are arranged to provide a pressure signal when
the detection group 20 detects the differences of pressures
in the artery 101 of the patient 100. This event happens,
as will be described in detail below, when artery 101 1is
subjected to a determined force F that is able of causing a
determined flattening level of the same.

The tonometer 1 provides, furthermore, a touching group
60 1interposed, 1in use, between the sensors 25 and the
radial artery 101 of the patient. More in detail, the
touching group 60 1is equipped with a plurality of
protuberant members, e.g. 4 protuberant members 65a-65d,
each of which associated to a respective pressure sensor
25. The protuberant members 65a-65d are arranged to be
positioned, in wuse, into contact with the skin of the
patient, in such a way to exert a predetermined force F on
the radial artery. It is, then, provided a processing unit
350 arranged to process the pressure signal detected by the
detection group 20 and with which is connected by means of

a wire connection 85 (see figure 1), or, alternatively, by
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means of a wireless connection, in such a way to determine
the blood pressure wave of the patient. The processing unit
350 can be housed, for example, within a containing body
80.

According to the invention, the touching group 60 is
made of a stiff material, and comprises a base portion 61
that is integral, in use, to the detection group 20 and a
predetermined number of connection portions, for example 4
connection portions 63a-63d. Each connection portion 63a-
63d 1s arranged, 1n particular, to elastically connect a
respective protuberant member 65a-65d to the base portion
61l. More precisely, each connection portion 63a-63d is
configured such that the respective protuberant member 65a-
65d is able to elastically move along a direction 165a-165d
substantially orthogonal to the base portion 61, in
particular to the plane on which it lays. More 1in
particular, each connection portion 63a-63d comprises a
plurality of connection arms, for example 3 connection arms
64a, 64b, 64c configured in such a way to have a controlled
elastic flexibility along said predetermined direction
165a-165d substantially orthogonal to the base portion 61.

In particular, with respect to other solutions of prior
art, in particular to the solution described in
W02013/068955 in the name of the same Applicant, where
between the detection group and the wrist of the patient an
element made of silicone rubber is provided, the present

invention allows to obtain an improved signal, dgreatly
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reducing the noise. In fact, the silicone rubber, as well
as other materials that are used in the prior art, even
though they have mainly an elastic behaviour, however, they
always have also a viscoelastic component. This modifies
the shape of the pressure signal detected by the sensors
and, therefore, does not allow to accurately measure the
blood pressure wave.

Therefore, the solution according to the invention,
allows to considerably improve the accuracy of the signal
“Yamplifying” the same, and reducing the noise, in
particular, due to the cross-talk, between the different
Sensors.

As known, in fact, a limit of the pressure sensors that
are normally used for measuring the blood pressure is to be
highly flexible. In particular, these sensors are much more
flexible than the artery, therefore, the detected pressure
is affected by the flexibility of the artery same. In order
to overcome this drawback, the present invention provides
to use materials having a high elastic constant, more
precisely an elastic constant higher than the one of the
artery. However, 1t 1s also necessary that the elastic
constant at the engagement portions 63a-63d is comparable
to that of the artery, 1in such a way that they can deform
according to the pressure signal. This is achieved by the
present invention due to the particular geometry of the
connection portions 63a-63d that allows to locally reduce

the stiffness of the structure and, therefore, to each
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protuberant member 65a-65d, to move 1in a controlled way
along a predetermined direction. In this way, the detection
by the sensors of the blood pressure wave 1is optimized up
to be highly accurate.

In the figures from 7 to 10 each protuberant member
6ba-65d is associated to 3 shaped connection arms 64a-64c,
however each protuberant member 65a-65d can be associated
to a different number of arms, for example 4, or 5, or o.
In particular, the connection arms 64a-64c work in flexion
and/or in torsion. More in particular, each connection arm
6da-64c 1s a shaped arm, for example substantially S-
shaped, and is arranged to lay, in a rest position, on a
plane that 1s substantially orthogonal to the movement
direction 165a-165d of the protuberant members 65a-65d.

Advantageously, tThe connection arms 64a-64c of a same
connection portion 63a-63d are symmetrically arranged about
the direction 165a-165d that is substantially orthogonal to
the base portion 61 and, therefore, with respect to the
protuberant member 65a-65d.

In a possible embodiment of the invention, each
connection portion 63a-63d is made of a metallic material,
whereas, both the base portion 61 and the protuberant
members 65a-65d are made of a stiff plastic material, in
particular having an elastic constant greater than the
elastic constant of the radial artery.

As, for example, shown in the figures 8, 9 and 12, the

protuberant members 65a-65d are substantially truncated
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cone-shaped. In particular, the transverse section of the
protuberant members 65a-65d decreases going from the base
portion 61 towards the wrist, and in particular towards the
radial artery, of the patient 100.

In the embodiment that is shown in the figures 7 and 8,
the touching group 60 comprises 4 protuberant members 65a-
65d positioned in a row. Therefore, 1in this case the
detection group 20, that is not shown in the figure, have 4
pressure sensors 25 positioned in a row, each of which
associated to a respective protuberant member 65a-65d.

In the alternative embodiment shown in the figures 9
and 10, instead, the touching group 60, still comprises 4
protuberant members 65a-65d, but this time they are
positioned according to an array, which provides 2 rows and
2 columns. Therefore, in this case the detection group 20,
that is not shown in the figure, have 4 pressure sensors
25 positioned according to the same array 2X2, and in which
each sensor 25 1s positioned at a respective protuberant
member 65a-65d at the opposite side of the wrist of the
patient 100.

The tonometer 1, according to the invention, can
provide an adjusting device 120 arranged to bring the
touching group 60 and the detection group 20, integral to
it, near to the radial artery, or to move them away from
it. In this way, 1t 1is possible to adjust the force F
exerted by the touching group 60 on the wall of the radial

artery. In fact, as well known, the detection of the signal



10

15

20

25

WO 2017/175120 PCT/IB2017/051904
20

of the arterial blood pressure can be carried out by means
of a sensor of pressure, only after that a slight
flattening of the artery 101 has been provided. There is,
in particular, a minimum threshold wvalue of the flattening
of the artery 101 below which it is not possible to detect
the blood pressure wave, and a maximum threshold wvalue
above which the occlusion of the artery 101 is caused.

The adjusting device 120 for adjusting the distance of
the detection group 20 from the radial artery 101, for
example a worm screw, has, therefore, the function of
exerting a pressure on the wrist of the patient 100 that is
high enough to produce a flattening of the artery 101 and,
therefore, to allow the pressure signal to be detected by
the detection group 20, but it is not too high in order to
avoid the occlusion of the artery 101.

More ©precisely, as diagrammatically shown 1in the
figures 11 and 12, the adjustment of the distance d of the
detection group 20 from the artery 101 is carried out by
acting on the adjusting device 120, in particular on an
operating knob 130 of which it is provided, during a
starting step of calibration. More precisely, 1if the knob
130 is rotated in a sense of rotation, for example in a
clockwise sense, the sensors 25 are brought near the artery
of the patient (figure 11). Instead, 1f the knob 130 is
rotated in the opposite sense, for example in a counter-
clockwise sense, the sensors 25 are moved away from the

artery (figure 12).
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The starting positioning of the sensors 25 with respect
to the artery of the patient is generally carried out
during a starting calibration step, during which a worker
adjusts the distance of the detection group 20 from the
radial artery 101 as above disclosed, visualizing, at the
same time, the Dblood pressure wave on a monitor and
blocking the detection group 20 in the position
corresponding to a predetermined shape of the curve
displayed on the monitor.

As diagrammatically shown in figure 4, in a particular
embodiment of the invention, the bracelet 10 comprises a
support portion 12 and a strap 15. This 1is made of a
flexible material and comprises a first portion 16 and a
second portion 17. In particular, the portions 16 and 17
have a respective first end 16a, 17a fixed to the support
portion 12 at opposite sides, and a respective second end
16b, 17b, which is free.

An engagement device 40 is, furthermore, provided
(figures 5, 6 and 13 to 17) arranged to engage, 1in use, the
first and the second portion 16 and 17 of the strap 15.
More precisely, 1in the embodiment shown in the figures 1
and 3 to 6, the portions 16 and 17 of the strap 15 are
fixed to the support portion 12 at opposite sides in such a
way to be out of alignment. Therefore, in this case, the
engagement device 40 is arranged to engage the portions 16
and 17 in a position in which they are arranged side by

side (figures 5 and 6). In the alternative embodiment of
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the invention shown in the figures 13 to 16, instead, the 2
portions 16 and 17 are fixed at opposite sides to the
support portion 12, but differently from the previous case,
they are arranged aligned. Therefore, in this case, the
engagement device 40 is arranged to engage the portions 16
and 17 in a position in which they are overlapped one
another.

The engagement device 40 and the portions 16 and 17 of
the strap 15 provide mutual engagement members. For
example, in the case shown in the figures 5 and 6, and in
the figures 13 to 17, the engagement device 40 can provide
one, or more teeth, for example 2 teeth 48, arranged to
engage respective holes 18, in particular elongated holes,
which are made in the portions 16 and 17.

A locking device, then, contributes to provide a firm
anchorage of the bracelet 10 to the arm of the patient 100,
the locking device comprising, for example, a tooth 51 that
is integral to the containing body 80 arranged to engage in
a removable way in a respective aperture 52 provided in the
engagement device 40.

More in detail, the locking device 51, 52 is arranged
to maintain the engagement device 40 and the containing
body 80 in a mutual locking configuration (figures 5 and
17). In this configuration, the first and the second
portion 16, 17 of the strap 15, in particular at the
respective free ends 16b, 17b, are tightened between the

engagement device 40 and the containing body 80, in such a
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way to lock the bracelet 10 in a correct position with
respect to the arm of the patient. In this correct
position, the detection group 20 is arranged at the artery
of the patient and the containing body 80 is positioned at
the upper, substantially flat, part of wrist of the
patient.

In the embodiment shown in the figures 5 and 6, the
engagement device 40 provides a main body 41. This can
provide a first aperture 42 and a second aperture 43
positioned at opposite sides, and passed through, in use,
respectively, by the second end of the first portion 16 and
the second end of the second portion 17 of strap 15.

In both the embodiments above described, the combined
use of the engagement device 40 and of the locking device
51, 52, as provided by the present invention, allows to
avoid accidental movements of the Dbracelet 10 and,
therefore, of tonometer 1 with respect to the correct
position identified during the above described calibration
step. Therefore, the tonometer 1, according to the
invention, can be used also at home environment assuring,
anyvhow, a high level of accuracy in the measuring of the
blood pressure wave of the patient. More precisely, the
engagement device 40 allows to adjust both the length of
portion 17, and the length of portion 16. Therefore, the
relative position can be adjusted between the containing
body 80 and the detection group 20 can be adjusted and, in

particular, contributing in a determinant way to arrange
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the bracelet 10 in the correct position with respect to the
arm of the patient. As above described, with correct
position 1is intended the position in which the detection
group 20 1is positioned at the artery of the patient 100,
and, at the same time, the containing body 80 is positioned
at the upper, substantially flat, part of the wrist of the
patient, that means in a position in which it is firm, and,
at the same time, comfortable.

Furthermore, the containing body 80 and the engagement
device 40, in particular its main body 41, can be hinged
each other such that, as can be easily deduced, for example
by examining the figures 5 and 6, or the figures 15-17, the
containing body 80 can rotate about the axis 149 of the
hinge 49 (see figure 3) with respect to the engagement
device 40 in order to move from a distant position (figures
6 and 16) to the locking configuration (figures 5 and 17),
in which the two components 40 and 80 are overlapped one
another and tighten between them, as above described, the
two portions 16 and 17 of the strap 15.

As diagrammatically shown in figure 11, the detection
group 20 can provide a plurality of housings 24, each of
which arranged to house a respective sensor 25. Each
housing can be made of a material having a predominantly
non-viscoelastic behaviour, advantageously flexible. This
is arranged to transmit the external forces to the sensor
contained in the housing 24.

Alternatively, each housing can be made of a stiff
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material inside of which a fluid material, in particular
non-viscoelastic, is introduced, this on its turn
polymerized, transmits the external forces to sensor 25
embedded in 1it. The sensitive member 25 comprises, 1n
general, a membrane deforms according to the pressure
change transmitted by the radial artery 101, with which the
respective protuberant member 65a-65d is into contact.

As diagrammatically shown in figure 12, each
protuberant member ©cba-65d, therefore, transmits the
detected pressure pulses to a corresponding sensor 25
through a layer of a predetermined material having a
behaviour prevalently non-viscoelastic 24. In particular,
at the side opposite to the one arranged in into contact
with the skin of the patient undergoing examination, the
protuberant member 65a-65d provides transmission portion
66. Preferably, still with reference to figure 12, the
transmission portion 66 1s substantially truncated cone-
shaped. In a possible embodiment of the invention, the
protuberant members 65a-65d and the connection portions
63a-63d are produced in a single piece.

As diagrammatically shown in figure 18, a system 500
for determining the arterial blood pressure of a patient
comprises a tonometer 1 as above described with reference
to figures 1 to 17 arranged to generate a tonometric curve
220, and a ECG device 90 comprising 2 electrodes 91 and 92,
and arranged to generate an electrocardiographic curve 220.

The system 500 provides, furthermore, a microcontroller 300
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arranged to process the electrocardiographic curve 210 and
the tonometric curve 220 of the patient undergoing
examination at determined instants (ti), each of which
corresponding to cardiac pulse of the patient, for
determining the pulse transit time, o PTT, i.e. the delay
between 1le due curve. More 1in detail, by using known
algorithms, by the tonometric curve 220 and by the pulse
transit time PTT, the microcontroller 300 1is arranged to
measure a respective wvalue PA2(ti) and PAl(ti) of the
arterial blood pressure.

As diagrammatically shown in the figures 18 and 19 the
microcontroller 300, the processing unit 350 processing the
data of the tonometer 1, and the ECG device 90 can be
provided as 3 independent components, which are operatively
connected by an appropriate wiring, or 1in wireless
communication each other, or at least 2, or all of them,
can be housed within the containing body 80 (figure 19).
According to the invention, the microcontroller 300 can
also be arranged to measure the difference APA(ti) between
the wvalue PAl(ti) of the arterial blood pressure of the
patient estimated by the pulse transit time and the wvalue
PA2 (ti) of the arterial blood pressure estimated by
tonometric curve.

The system 500 can comprise, furthermore, an
oscillometric measurement device 160 operatively connected
to the microcontroller 300. As known, the oscillometric

device 160 1s arranged to measure the arterial Dblood
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pressure of the patient 100 by processing the air
oscillations inside a muff 170 applied to the arm of the
patient, during the deflating step. When the
microcontroller 300 detects a difference APA(ti) between
the wvalue PAl(ti) of the arterial blood pressure measured
by the pulse transit time technique, and the wvalue PA2 (ti)
of the arterial blood pressure measured by the tonometer,
greater than a predetermined threshold wvalue, 1t operates
the oscillometric device 160 obtaining in response a value
of the arterial blood pressure PA3(ti) that is used by the
microcontroller 300 as calibration wvalue PAC(ti). More
precisely, the microcontroller 300 associates the wvalue
PA3 (ti) of the arterial blood pressure both to the arterial
blood pressure value PA2(ti) determined by the tonometer 1,
and to the wvalue PAl(ti) of the arterial blood pressure
determined by the pulse transit time.

The above described calibration procedure is carried
out because, as known, the measurement of the arterial
blood pressure value estimated by the tonometric technique,
and the measurement of the arterial blood pressure value
estimated by the PPT technique, are subjected to different
errors. More precisely, the wvalues PA2(ti) of the arterial
blood pressure determined by the tonometer 1 are subjected
to artefacts of movement, i.e. due to the movement of the
bracelet 10 of the tonometer 1 with respect to the artery
of the patient 100. This type of condition, as well as the

flattening of the tonometric curve, or the relaxation of
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the strap of the bracelet 10, that affect the measurement
0of the arterial blood pressure through the tonometer 1 and,
therefore, cause errors of measurement, do not affect the
measurement of the arterial blood pressure carried out by
the PTT technique, because they do not significantly
modify the above described delay. On the other hand, the
measurement of the wvalues PAl(ti) estimated by the PTT
technique, 1is affected by an artery relaxation that is
caused, for example, by administering drugs, in particular
a vasodilator, or adrenaline, that can cause a large error
in the measurement. This event has no effect on the
measurement of the wvalues of the arterial blood pressure
through tonometer 1.

In the light of the above, the tonometric technique and
the PTT technique are subjected to different errors and,
therefore, their combined use, as provided Dby the
invention, allows to avoid the measurement errors due to
events, or of the other type.

In fact, if any of the events above described happens,
an 1nconsistency would be registered between the wvalues
PAl (ti) and PA2(ti), because it would affect only one of
the arterial Dblood pressure values estimated by the 2
techniques. This inconsistency 1is, however, promptly
corrected starting the above described calibration
procedure that avoid, therefore, to incorrectly measure the
values of the arterial blood pressure.

The foregoing description exemplary embodiments of the
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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,
accordingly, 1t 1is therefore to be understood that such
adaptations and modifications will have to be considered as
equivalent to the specific embodiments. The means and the
materials to realize 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 phraseology or terminology that is
employed herein is for the purpose of description and not

of limitation.



WO 2017/175120 PCT/IB2017/051904
30

CLAIMS

1. An improved tonometer (1) for continuously monitoring
the arterial Dblood pressure of a patient for a
predetermined period of time, said tonometer (1)
comprising:

— a bracelet (10) configured in such a way to be
applied to a wrist of a patient (100);

— a detection group (20) mounted on said bracelet (10)
and configured for detecting a pressure signal, said
detection group (20) comprising a plurality of pressure
sensors (25) arranged to detect a respective pressure
signal associated to the blood pressure wave of the
patient (100), at least a pressure sensor (25) of said
plurality being positioned, in use, in proximity of the
radial artery (101) of the patient (100), at the
opposite side of the radial bone;

— un touching group (60) interposed, in use, between
salid detection group (20) and said radial artery of
salid patient, said touching group (60) equipped with a
plurality of protuberant members (65a-65d), each said
protuberant member (65a-65d) of said plurality arranged
to be positioned, in use, into contact with the skin of
sald patient, in such a way to exert a predetermined
force F on said radial artery and to transmit the
received pressure pulses to a respective pressure
sensor (25) associated to it;

— a processing unit (350) arranged to process said
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pressure signal detected by said detection group (20)
in such a way to determine the blood pressure wave of
the patient;

said improved tonometer (1) characterised in that said
touching group (60) is made of a predetermined material
having an elastic constant greater than elastic
constant of the radial artery (101), in that said
touching group (60) comprises a base portion (61) that
is integral, in use, to said detection group (20) and a
plurality of connection portions (63a-63d) each of
which arranged to elastically connect a respective
protuberant member (65a-65d) to said base portion (61)
and in that each said connection portion (63a-63d) of
salid plurality comprises a plurality of connection arms
(64a, 64b, 64c) configured 1in such a way to have a
controlled elastic flexibility along a predetermined
direction (165a-165d) substantially orthogonal to said
base portion (61) such that, each protuberant member
(65a-65d) of said plurality is suitable to elastically
move along said direction substantially orthogonal to

said base portion (61).

I1 tonometer (1), according to claim 1, wherein said
connection arms (64a, 64b, 64c) are substantially
S-shaped, each of said connection arms (64a,64b, 64c)
being configured in such a way to lay, 1in a rest
position, on a plane orthogonal to said movement

direction (165a-165d) of said protuberant members (65a-
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65d) .

The tonometer (1), according to claim 1, or 2, wherein
said connection arms (64a,64b,64c) are symmetrically
arranged about said movement direction (165a-165d) of

the respective protuberant member (65a-65d).

The tonometer (1), according to any previous claim,
wherein at least 3 connection arms (64a,64b,64c) are

provided.

The tonometer (1), according to claim 1, wherein said
base portion (61) and said protuberant members (6ba-
65d) are made of a plastic material having an elastic
constant greater than the elastic constant of the
radial artery, and wherein said connection portions
(63a-63d) are made of a material selected from the
group consisting of:

- a metallic material;

— a plastic material.

The tonometer (1), according to any previous claim,
wherein between each said protuberant member (65a-65d)
and the respective sensor (25) a layer (24) 1is provided

of a predetermined non-viscoelastic material.

The tonometer (1), according to any previous claim,
wherein an adjusting device (120) 1is, furthermore,
provided arranged, 1in use, to bring/move away said
touching group (60) near to/from said radial artery

(101) of said patient (100) up to position said
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touching group (60) in a position where the force F
exerted by said touching group (60) on the wall of said
radial artery (101) causes a predetermined flattening

of said radial artery (101).

The tonometer (1), according to claim 7, wherein said
adjusting device (120) comprises a worm screw on which
said touching group (60) 1is slidingly mounted and
wherein an adjusting handle (130) 1is provided acting on
which a sliding of said touching group (60) is operated

along said worm screw.

The tonometer (1), according to claim 1, wherein each
protuberant member (65a-65d) of said plurality is
substantially truncated cone-shaped where the
transverse section decreases going from said base
portion (61) towards said radial artery of said patient

(100).

The tonometer (1), according to any previous claim,
wherein said detection group (20) comprises at least 3
pressure sensors (25) positioned in a row and said
touching group (60) comprises at least 3 respective

protuberant members (65a-65d) positioned in a row.

The tonometer (1), according to claim 1, wherein said
bracelet (10) comprises:

— a containing body (80) arranged to house, in use,
sald processing unit (350);

— a support portion (12) arranged, 1in use, to engage
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sald detection group (20);

— a strap (15) made of a flexible material and
comprising a first portion (16) and a second portion
(17) having a respective first end (16a, 17a) that is
fixed to said support portion (12) at opposite sides,
and a respective second end, which is free (16b, 17b);
— an engagement device (40) arranged to engage, in
use, said first and said second portion (16,17) of said
strap (15);

— a locking device (51,52) arranged to maintain in a
locking configuration saild engagement device (40) and
said containing body (80), in said locking
configuration said first and said second portion
(16,17) of said strap (15) being tightened between said
engagement device (40) and said containing body (80),
in such a way to maintain said bracelet (10) 1in a
correct position with respect to the arm of the
patient, in which said detection group (20) is
positioned at the artery of the patient, and said
containing body (80) is positioned at the upper part of

the wrist of the patient that is substantially flat.

The tonometer (1), according to claim 11, wherein said
first and said second portion (16,17) of said strap
(15) are fixed to said support portion (12) at opposite
sides, said first and said second portion (16,17) of
said strap (15) configured in such a way to be

positioned side by side when fixed to said engagement



10

15

20

25

WO 2017/175120 PCT/IB2017/051904

13.

14.

15.

16.

35

device (40).

The tonometer (1), according to claim 11, wherein said
first and said second portion (16,17) of said strap
(15) are fixed to said support portion (12) at opposite
sides, said first and said second portion (16,17) of
said strap (15) configured in such a way to be
overlapped one another when fixed to said engagement

device (40).

The tonometer (1), according to claim 11, wherein said
engagement device (40) provides at least one tooth (48)
arranged, 1in use, to engage 1n a respective hole (18)
made in said portions (16,17) of said strap (15), and
wherein a locking device (51,52) is, furthermore,
provided arranged to maintain said containing body (80)
and said engagement device (40) 1in a mutual locking

configuration.

The tonometer (1), according to claim 12, o 13, wherein
sald engagement device (40) provides a main body (41)
having a first aperture (42) and a second aperture (43)
positioned at opposite sides, and passed through, in
use, by said second free end (1leb) of said first
portion (16), and by said second free end (17b) of said

second portion (17), respectively.

The tonometer (1), according to claim 11 wherein said
containing body (80) and said engagement device (40)

are connected by means of a hinge (49) having a
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rotation axis (149), sald containing Dbody (80)
configured for rotating about said rotation axis (149)
with respect to said engagement device (40) in such a
way to move from a distant position to a locking

configuration, or wvice versa.

An improved tonometer (1) for continuously monitoring
the arterial Dblood pressure of a patient for a
predetermined period of time, said tonometer (1)
comprising:

— a bracelet (10) configured in such a way to be
applied to a wrist of a patient (100);

— a detection group (20) mounted on said bracelet
(10), and arranged to detect a pressure signal, said
detection group (20) comprising a plurality of pressure
SEensors (25) arranged to detect a respective pressure
signal associated to the blood pressure wave of the
patient (100), at least a pressure sensor (25) of said
plurality being positioned, in use, in proximity of the
radial artery of the patient (100), at the opposite
side of the radial bone;

— a processing unit (350) arranged to process said
pressure signal detected da said detection group (20)
in such a way to determine the blood pressure wave of
the patient;

— a containing body (80) arranged to house, in use,
sald processing unit (350);

said improved tonometer (1) characterised in that said
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bracelet (10) comprises:

— a support portion (12) arranged, 1in use, to engage
sald detection group (20);

— a strap (15) made of a flexible material and
comprising a first portion (16) and a second portion
(17) having a respective first end (16a, 17a) fixed to
salid support portion (12) at opposite sides and a
respective second end , which is free (16b, 17b);

— an engagement device (40) arranged to engage, in
use, saild first and said second portion (16,17);

— a locking device (51,52) arranged to maintain in a
locking configuration saild engagement device (40) and
said containing body (80), in said locking
configuration said first and said second portion
(16,17) of said strap (15) being tightened between said
engagement device (40) and said containing body (80),
in such a way to maintain said bracelet (10) 1in a
correct position with respect to the arm of the
patient, in which gquale said detection group (20) is
positioned at the artery of the patient and said
containing body (80) is positioned at the upper part of

the wrist of the patient that is substantially flat.

A system for determining the arterial blood pressure of
a patient characterised in that it comprises:

— a tonometer, according to any claim 1 to 18, said
tonometer arranged to generate a tonometric curve

(220) ;
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— an ECG device (20) arranged to generate an
electrocardiographic curve (210);

— an oscillometric device (250) arranged to measure an
arterial blood pressure value PA3 (ti) by the

oscillometric technique;

— a microcontroller (300) arranged to process said
electrocardiographic curve (210) and said tonometric
curve (220) of the patient undergoing examination at
determined instants for determining the pulse transit
time, or PTT, i.e. the delay between said
electrocardiographic curve (210) and said tonometric
curve (220), said microcontroller (300) being, then,
arranged to associate said computed delay to a
determined reference value of the arterial blood
pressure and to measure, therefore, at said determined
instants (ti), the difference APA(ti) between the value
PAl (ti) of the arterial blood pressure of the patient,
that is estimated by using the pulse transit time, and
the value PA2(ti) of the arterial blood pressure that
is estimated by said tonometric curve (220), said
microcontroller arranged to operate said oscillometric
device, and to associate said arterial blood pressure
value PA3(ti) both to the wvalue PA2(ti) of arterial
blood pressure that 1is estimated by the tonometric
curve, and to the wvalue PAl(ti) of arterial Dblood

pressure that is estimated by pulse transit time.
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