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(57) ABSTRACT

A tonometer for continuously monitoring arterial blood
pressure of a patient, including a bracelet, a detection group
mounted on the bracelet and arranged to detect a pressure
signal. The detection group has a plurality of pressure
sensors arranged to detect a pressure signal associated with
the blood pressure wave of the patient. A pressure sensor is
positioned in proximity of the radial artery of the patient, at
the opposite side of the radial bone. A touching group is
interposed between the detection group and the radial artery,
and equipped with a plurality of protuberant members, each
of which is associated with a pressure sensor, and arranged
to be positioned into contact with the skin of the patient, in
such a way to exert a predetermined force on the radial
artery.
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IMPROVED WEARABLE TONOMETER

FIELD OF THE INVENTION

[0001] The present invention relates to the medical field,
and, in particular, it relates to a tonometer that is worn by a
patient, for continuously and non-invasive monitoring of a
superficial artery of a patient, as, for example, the radial
artery.

[0002] Furthermore, the invention relates to a method for
measuring that is carried out by the above mentioned
tonometer.

DESCRIPTION OF THE PRIOR ART

[0003] As known, the arterial blood pressure is one of the
more useful parameters for diagnosing cardiovascular dis-
eases, and for obtaining a follow-up in patients suffering
from these diseases.

[0004] The tonometer is 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.

[0005] A wearable clock-shaped tonometer is disclosed in
11.166200. 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 1L166200
comprises a pressure sensor that is immersed in a chamber
containing a transmission fluid, for example a gel. The
chamber is arranged into contact with the artery and the
transmission fluid transmits forces that arise from the defor-
mation of the artery. Opposite to the sensor chamber, a
display unit is provided by which the data measured by the
sensor can be displayed.

[0006] However, this solution provides to use 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.

[0007] 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. In 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
pressure sensor is selected that is the one best positioned
above the artery.

[0008] However, during the measurement of the pressure
signal, the device described in US2009069698 is affected by
background errors due, in particular, to the cross talk
between the different sensors.

[0009] 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.
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[0010] 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 is described for permanently
non-invasively monitoring the pressure wave of an artery. In
particular, two piezoelectric 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 is located at the radial artery (p) and another sensor
is 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 reduc-
ing the movement and noise artifacts from the acquired
artery pulsation tonometric signal.

[0011] Even in this case, the arrangement of the sensor
upon the artery must be carried out with precision, so that the
received measurement signal is strong enough.

[0012] A further tonometric device of known type pro-
vides 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 mea-
surement errors.

[0013] In WO2013/068955 in the name of the same Appli-
cant, a tonometer is 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.

[0014] Another example of wearable tonometer, analo-
gous to the previous, is described in U.S. Pat. No. 6,491,647.
In this case, linear springs are provided elastically support-
ing the touching member that is arranged, in use, into contact
with the skin of the patient.

[0015] Notwithstanding, both these solutions of prior art
have some drawbacks. In fact, both the silicone rubber of
WO02013/068955, and the linear springs of U.S. Pat. No.
6,491,647 are not capable to transmit the pressure pulses
without modifying the signal. In other words, the shape of
the pressure signal that is detected by the sensors has, in both
the cases, a high level of noise and, therefore, these solutions
do not allow to accurately measure the arterial blood pres-
sure.

SUMMARY OF THE INVENTION

[0016] Itis, 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.

[0017] Tt 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, is constant.

[0018] It is another object of the invention to provide a
wearable tonometer that is able to guarantee that the same is
maintaired 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.

[0019] These and other objects are achieved by an
improved tonometer for continuously monitoring the arterial
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blood pressure of a patient for a predetermined period of
time, said tonometer comprising:

[0020] abracelet configured in such a way to be applied
to a wrist of a patient;

[0021] a detection group mounted on the bracelet and
configured for detecting a pressure signal, said detec-
tion group comprising a plurality of pressure sensors
arranged to detect a respective pressure signal associ-
ated to the blood pressure wave of the patient, at least
a pressure sensor of said plurality being positioned, in
use, in proximity of the radial artery of the patient, at
the opposite side of the radial bone;

[0022] atouching group interposed, in use, between the
detection group and the radial artery of the patient, said
touching group equipped with a plurality of protuberant
members, each protuberant member of said plurality
arranged to be positioned, in use, into contact with the
skin of the patient, in such a way to exert a predeter-
mined force F su said radial artery and to transmit the
received pressure pulses to a respective pressure sensor
associated to it;

[0023] a processing unit arranged to process the pres-
sure signal detected dal detection group in such a way
to determine the blood pressure wave of the patient;

[0024] 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 plurality of
connection arms configured in such a way to have a con-
trolled 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.
[0025] Inparticular, the technical solution according to the
present invention allows to have an elastic response,
because, with respect to the prior art solutions, the ration
between the elastic contribution and the viscous contribu-
tion, is increased. In this way, it is possible to reduce the
cross talk between the sensors, and, therefore, to increase
their sensibility.

[0026] Other features of the present invention are
described in the dependent claims.

[0027] 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.

[0028] Advantageously, the plastic material can be a ther-
moplastic material, e.g. Acrylonitrile Butadiene Styrene, or
ABS. In this way, it is possible to simplify and reduce the
costs related to the production process.

[0029] In particular, the whole touching group can be
produced by moulding of plastic material.

[0030] In an alternative embodiment, the connection por-
tion is made of a metallic material, whereas, 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.

[0031] In particular, it is, furthermore, provided an adjust-
ing device arranged to bring/move away the touching group
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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.

[0032] 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.

[0033] 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 embodi-
ments are provided comprising, in particular, a different
number of sensors positioned along a single row, or posi-
tioned according to an array comprising a predetermined
number of rows and a predetermined number of columns.

[0034] In particular, the bracelet can comprise:

[0035] asupport portion arranged to engage, in use, said
detection group;

[0036] a strap made of a flexible material and compris-
ing 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;

[0037] an engagement device arranged to engage, in
use, said first and said second portion of said strap.

[0038] Advantageously, a locking device is, furthermore,
provided that is arranged to maintain in a locking configu-
ration the engagement device and the containing body. In
this locking configuration, the first and the second portion of
the strap are tightened between the engagement device and
the containing body.

[0039] 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.

[0040] 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:

[0041] abracelet configured in such a way to be applied
to a wrist of a patient:

[0042] 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 associ-
ated to the blood pressure wave of the patient, at least
a pressure sensor of said plurality being positioned, in
use, in proximity of the radial artery of the patient, at
the opposite side of the radial bone;

[0043] a processing unit arranged to process said pres-
sure signal detected da said detection group in such a
way to determine the blood pressure wave of the
patient;

[0044] a containing body arranged to house, in use, said
processing unit;

and wherein the bracelet comprises:

[0045] asupport portion arranged, in use, to engage said
detection group;

[0046] a strap made of a flexible material and compris-
ing a first portion and a second portion having a
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respective first end fixed to the support portion at
opposite sides, and a respective second end, which is
free;

[0047] an engagement device arranged to engage, in
use, said first and said second portion del strap;

[0048] a locking device arranged to maintain in a lock-
ing 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 positioned at the
upper substantially flat of the wrist of the patient.

[0049] 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.

[0050] According to a further aspect of the invention, a
system for determining the arterial blood pressure of a
patient comprises:

[0051] a tonometer as above described arranged to
generate a tonometric curve;

[0052] an ECG device arranged to generate an electro-
cardiographic curve;

[0053] a microcontroller arranged to process the elec-
trocardiographic 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 between the 2 curves, in particular by com-
puting the delay between a r-peak of the electrocardio-
graphic curve and a corresponding peak of the tono-
metric curve, said microcontroller, then, arranged to
associate said computed delay to a determined refer-
ence value of the arterial blood pressure and a measure
a said determined instants (ti), the difference APA(ti)
between the value PA1(ti) of the arterial blood pressure
of the patient, estimated by the pulse transit time, and
the value PA2(ti) of the arterial blood pressure esti-
mated by the tonometric curve.

[0054] In particular, if the above difference between PA1
(ti) and PA2(ti) is 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.

[0055] Then, the microcontroller is arranged to associate
said arterial blood pressure value PA3(ti) both to the value
PA2(t)) of the arterial blood pressure estimated by the
tonometric curve, and to the value PA1(ti) of arterial blood
pressure estimated by the pulse transit time. In other words,
the microcontroller is arranged to start a calibration step in
which the value 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 electrocardio-
graphic curve PAI(ti) are aligned with the one estimated
with the oscillometric technique PA3(ti).

[0056] 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
PA1(ti), and the value of the arterial blood pressure esti-
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mated by the technique of pulse transit time PA2(ti), it
operates the oscillometric device in such a way to obtain a
value of the arterial blood pressure of calibration PAC(ti).
The microcontroller proceeds, then, to associate this value of
the arterial blood pressure of calibration both to the value of
the arterial blood pressure determined by the tonometer and
the value of the arterial blood pressure determined by the
pulse transit time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] The invention will now be shown with the follow-
ing description of its exemplary embodiments, exemplifying
but not limitative, with reference to the attached drawings in
which:

[0058] FIG. 1 is a perspective view of the tonometer,
according to the invention, applied to a wrist of a patient;
[0059] FIG. 2 diagrammatically shows, in a sectioned
view, the working position of the tonometer of FIG. 1 with
respect to the artery and the radial bone of the patient;
[0060] FIGS. 3 and 4 show, in perspective views, some
details of the strap, and the relative locking device, of the
tonometer, according to the invention;

[0061] FIGS. 5 and 6 show in 2 different perspective views
the strap of FIG. 3 provided with the engagement device
according to the invention;

[0062] FIGS. 7 and 8 show in a plan view and in a
perspective view, respectively, a first embodiment of a
touching group according to the invention;

[0063] FIGS. 9 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 FIGS. 7 and 8;

[0064] FIGS. 11 and 12 diagrammatically show, in a
partially sectioned view, some components of the tonometer,
according to the invention, in order to highlight some
features;

[0065] FIGS. 13 to 17 diagrammatically show an alterna-
tive embodiment of the tonometer shown in the FIG. 1 and
from 3 to 6;

[0066] FIGS. 18 and 19 diagrammatically show the sys-
tem, according to the invention, for determining the blood
pressure wave of a patient.

DETAILED DESCRIPTION OF THE
INVENTION

[0067] With reference to FIG. 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,
in operating conditions, to detect a pressure signal. As
diagrammatically shown in the FIGS. 11 and 12, the detec-
tion group 20 comprises at least 2 pressure sensors 25, for
example of piezoresistive, or piezoelectric 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 in 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
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described in detail below, when artery 101 is subjected to a
determined force F that is able of causing a determined
flattening level of the same.

[0068] The tonometer 1 provides, furthermore, a touching
group 60 interposed, in use, between the sensors 25 and the
radial artery 101 of the patient. More in detail, the touching
group 60 is equipped with a plurality of protuberant mem-
bers, e.g. 4 protuberant members 65a-65d, each of which
associated to a respective pressure sensor 25. The protuber-
ant members 65a-65d are arranged to be positioned, in use,
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
FIG. 1), or, alternatively, by 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.

[0069] 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 is arranged, in particular, to elastically connect a
respective protuberant member 65a-65d to the base portion
61. More precisely, each connection portion 63¢-634 is
configured such that the respective protuberant member
65a-654 is able to elastically move along a direction 165a-
1654 substantially orthogonal to the base portion 61, in
particular to the plane on which it lays. More in particular,
each connection portion 63a-63d comprises a plurality of
connection arms, for example 3 connection arms 64a,645,
64¢ configured in such a way to have a controlled elastic
flexibility along said predetermined direction 165a-1654
substantially orthogonal to the base portion 61.

[0070] Inparticular, with respect to other solutions of prior
art, in particular to the solution described in W(O2013/
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, greatly 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.
[0071] Therefore, the solution according to the invention,
allows to considerably improve the accuracy of the signal
“amplifying” the same, and reducing the noise, in particular,
due to the cross-talk, between the different sensors.

[0072] 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. How-
ever, it is also necessary that the elastic constant at the
engagement portions 63a¢-63d is comparable to that of the
artery, in such a way that they can deform according to the
pressure signal. This is achieved by the present invention
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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 protuberant member 654-
654, to move in a controlled way along a predetermined
direction. In this way, the detection by the sensors of the
blood pressure wave is optimized up to be highly accurate.

[0073] In the FIGS. 7 to 10 each protuberant member
65a-65d is associated to 3 shaped connection arms 64a-64c,
however each protuberant member 65a-65d can be associ-
ated to a different number of arms, for example 4, or 5, or
6. In particular, the connection arms 64a-64¢ work in flexion
and/or in torsion. More in particular, each connection arm
64a-64c is a shaped arm, for example substantially
S-shaped, and is arranged to lay, in a rest position, on a plane
that is substantially orthogonal to the movement direction
165a-165d of the protuberant members 65a-63d.

[0074] Advantageously, the connection arms 64a-64¢ 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.

[0075] In a possible embodiment of the invention, each
connection portion 63a-634 is made of a metallic material,
whereas, both the base portion 61 and the protuberant
members 65¢-654 are made of a stiff plastic material, in
particular having an elastic constant greater than the elastic
constant of the radial artery.

[0076] As, for example, shown in the FIGS. 8, 9 and 12,
the protuberant members 65a-65d are substantially trun-
cated 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.

[0077] Inthe embodiment thatis shown in the FIGS. 7 and
8, the touching group 60 comprises 4 protuberant members
65a-65d positioned in a row. Therefore, in 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.

[0078] In the alternative embodiment shown in the FIGS.
9 and 10, instead, the touching group 60, still comprises 4
protuberant members 65¢-65d, but this time they are posi-
tioned 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 is positioned at a respective protuberant
member 65a-65d at the opposite side of the wrist of the
patient 100.

[0079] 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 i,
near to the radial artery, or to move them away from it. In
this way, it is 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 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 value
of the flattening of the artery 101 below which it is not
possible to detect the blood pressure wave, and a maximum
threshold value above which the occlusion of the artery 101
is caused.
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[0080] 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.

[0081] More precisely, as diagrammatically shown in the
FIGS. 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, if 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 (FIG.
11). Instead, if 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 (FIG. 12).

[0082] 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 blood pressure wave on a monitor and blocking the
detection group 20 in the position corresponding to a pre-
determined shape of the curve displayed on the monitor.
[0083] As diagrammatically shown in FIG. 4, in a par-
ticular embodiment of the invention, the bracelet 10 com-
prises a support portion 12 and a strap 15. This is made of
a flexible material and comprises a first portion 16 and a
second portion 17. In particular, the portions 16 and 17 have
arespective first end 16a, 174 fixed to the support portion 12
at opposite sides, and a respective second end 165, 175,
which is free.

[0084] An engagement device 40 is, furthermore, pro-
vided (FIGS. 5, 6 and 13 to 17) arranged to engage, in use,
the first and the second portion 16 and 17 of the strap 15.
More precisely, in the embodiment shown in the FIGS. 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 (FIGS. 5 and 6). In
the alternative embodiment of the invention shown in the
FIGS. 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.

[0085] 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 FIGS. 5 and 6, and in the
FIGS. 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.

[0086] 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.
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[0087] 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 (FIGS.
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 165, 175, are tightened between the engagement
device 40 and the containing body 80, in such a 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.

[0088] In the embodiment shown in the FIGS. 5 and 6, the
engagement device 40 provides a main body 41. This can
provide a first aperture 42 and a second aperture 43 posi-
tioned at opposite sides, and passed through, in use, respec-
tively, by the second end of the first portion 16 and the
second end of the second portion 17 of strap 15.

[0089] 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 bracelet 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, anyhow, 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 the bracelet 10 in the correct
position with respect to the arm of the patient. As above
described, with correct position is intended the position in
which the detection group 20 is 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.

[0090] 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 FIGS. 5 and 6, or the FIGS.
15-17, the containing body 80 can rotate about the axis 149
of the hinge 49 (see FIG. 3) with respect to the engagement
device 40 in order to move from a distant position (FIGS. 6
and 16) to the locking configuration (FIGS. 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.

[0091] As diagrammatically shown in FIG. 11, the detec-
tion 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 con-
tained in the housing 24.

[0092] Alternatively, each housing can be made of a stiff
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 it.
The sensitive member 25 comprises, in general, a membrane
deforms according to the pressure change transmitted by the
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radial artery 101, with which the respective protuberant
member 65a-65d is into contact.

[0093] As diagrammatically shown in FIG. 12, each pro-
tuberant member 652-654, 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 ref-
erence to FIG. 12, the transmission portion 66 is substan-
tially truncated cone-shaped. In a possible embodiment of
the invention, the protuberant members 65¢-654 and the
connection portions 63a-634 are produced in a single piece.

[0094] As diagrammatically shown in FIG. 18, a system
500 for determining the arterial blood pressure of a patient
comprises a tonometer 1 as above described with reference
to FIGS. 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 microcon-
troller 300 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 le due curve. More in detail, by using known
algorithms, by the tonometric curve 220 and by the pulse
transit time PTT, the microcontroller 300 is arranged to
measure a respective value PA2(ti) and PA1(ti) of the arterial
blood pressure.

[0095] As diagrammatically shown in the FIGS. 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 opera-
tively connected by an appropriate wiring, or in wireless
communication each other, or at least 2, or all of them, can
be housed within the containing body 80 (FIG. 19).

[0096] According to the invention, the microcontroller
300 can also be arranged to measure the difference APA(ti)
between the value PA1(ti) of the arterial blood pressure of
the patient estimated by the pulse transit time and the value
PA2(ti) of the arterial blood pressure estimated by tonomet-
ric curve.

[0097] The system 500 can comprise, furthermore, an
oscillometric measurement device 160 operatively con-
nected to the microcontroller 300. As known, the oscillo-
metric device 160 is arranged to measure the arterial blood
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 value PA1(ti) of the arterial
blood pressure measured by the pulse transit time technique,
and the value PA2(ti) of the arterial blood pressure measured
by the tonometer, greater than a predetermined threshold
value, it 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 value
PAC(ti). More precisely, the microcontroller 300 associates
the value PA3(ti) of the arterial blood pressure both to the
arterial blood pressure value PA2(ti) determined by the
tonometer 1, and to the value PA1(ti) of the arterial blood
pressure determined by the pulse transit time.
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[0098] The above described calibration procedure is car-
ried 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 values PA2(ti) of the arterial
blood pressure determined by the tonometer 1 are subjected
to artifacts 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 the
strap of the bracelet 10, that affect the measurement of the
arterial blood pressure through the tonometer 1 and, there-
fore, cause errors of measurement, do not affect the mea-
surement 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 values PA1(ti) estimated by the PTT technique, is
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 values of
the arterial blood pressure through tonometer 1.

[0099] 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 by the invention,
allows to avoid the measurement errors due to events, or of
the other type.

[0100] In fact, if any of the events above described hap-
pens, an inconsistency would be registered between the
values PA1(ti) and PA2(ti), because it would affect only one
of the arterial blood pressure values estimated by the 2
techniques. This inconsistency is, however, promptly cor-
rected starting the above described calibration procedure
that avoid, therefore, to incorrectly measure the values of the
arterial blood pressure.

[0101] The foregoing description exemplary embodiments
of 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,
accordingly, it is 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, depart-
ing 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.

1. A tonometer (1) for continuously monitoring the arte-
rial blood 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 detec-
tion 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 proximity of the radial
artery (101) of the patient (100), at the opposite side of
the radial bone;
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a touching group (60) interposed between said detection
group (20) and said radial artery of said patient, said
touching group (60) equipped with a plurality of pro-
tuberant members (65a-65d), each said protuberant
member (65a-65d) of said plurality arranged to be
positioned into contact with the skin of said 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 pressure
signal detected by said detection group (20) in such a
way to determine the blood pressure wave of the
patient;

wherein said touching group (60) is made of a predeter-
mined 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 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-654) to said base portion (61) and in that
each said connection portion (63a-634) of said plurality
comprises a plurality of connection arms (64a,645,64¢)
configured in such a way to have a controlled elastic
flexibility along a predetermined direction (165a-1654)
substantially orthogonal to said base portion (61) such
that, each protuberant member (65a-65d) of said plu-
rality is suitable to elastically move along said direction
substantially orthogonal to said base portion (61).

2. The tonometer (1) according to claim 1, wherein said
connection arms (64a,64b,64¢) are substantially S-shaped,
each of said connection arms (644,64b,64¢) being config-
ured in such a way to lay, in a rest position, on a plane
orthogonal to said movement direction (165a¢-1654) of said
protuberant members (65a-65d).

3. The tonometer (1) according to claim 1, wherein said
connection arms (64a,64b,64¢) are symmetrically arranged
about said movement direction (165a-1654d) of the respec-
tive protuberant member (65a-654).

4. The tonometer (1) according to claim 1, wherein at least
3 connection arms (64a,645,64¢) are provided.

5. The tonometer (1) according to claim 1, wherein said
base portion (61) and said protuberant members (65a-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.

6. The tonometer (1) according to claim 1, wherein
between each said protuberant member (65a-654) and the
respective sensor (25) a layer (24) is provided of a prede-
termined non-viscoelastic material.

7. The tonometer (1) according to claim 1, wherein an
adjusting device (120) is, furthermore, provided arranged to
bring/move away said touching group (60) near to/from said
radial artery (101) of said patient (100) up to position said
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).

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

9. The tonometer (1) according to claim 1, wherein each
protuberant member (65a-65d) of said plurality is substan-
tially truncated cone-shaped where the transverse section
decreases going from said base portion (61) towards said
radial artery of said patient (100).

10. The tonometer (1) according to claim 1, 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 (654-
65d) positioned in a row.

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

a containing body (80) arranged to house said processing

unit (350);

a support portion (12) arranged to engage said 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, 17q) that is fixed to said
support portion (12) at opposite sides, and a respective
second end, which is free (1654, 175);

an engagement device (40) arranged to engage said first
and said second portion (16,17) of said strap (15);

alocking device (51,52) arranged to maintain in a locking
configuration said 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) in 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.

12. 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 device (40).

13. 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).

14. The tonometer (1) according to claim 11, wherein said
engagement device (40) provides at least one tooth (48)
arranged to engage in 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 main-
tain said containing body (80) and said engagement device
(40) in a mutual locking configuration.

15. The tonometer (1) according to claim 12, wherein said
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 by said second free end
(16b) of said first portion (16), and by said second free end
(17b) of said second portion (17), respectively.
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16. 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 rotation axis
(149), said containing body (80) configured for rotating
about said rotation axis (149) with respect to said engage-
ment device (40) in such a way to move from a distant
position to a locking configuration, or vice versa.

17. An tonometer (1) for continuously monitoring the
arterial blood 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 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 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 by said detection group (20) in such a
way to determine the blood pressure wave of the
patient;

a containing body (80) arranged to house said processing
unit (350);

wherein said bracelet (10) comprises:

a support portion (12) arranged to engage said 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 (16, 17a) fixed to said support
portion (12) at opposite sides and a respective second
end, which is free (165, 175),

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

alocking device (51,52) arranged to maintain in a locking
configuration said engagement device (40) and said
containing body (80), in said locking configuration said
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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) in a correct position with
respect to the arm of the patient, wherein 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.

18. A system for determining the arterial blood pressure of
a patient, comprising:
a tonometer, according to claim 1. said tonometer

arranged to generate a tonometric curve (220);

an ECG device (90) arranged to generate an electrocar-

diographic curve (210);

an oscillometric device (250) arranged to measure an

arterial blood pressure value PA3(ti) by the oscillomet-
ric technique;

a microcontroller (300) arranged to process said electro-

cardiographic curve (210) and said tonometric curve
(220) of the patient undergoing examination at deter-
mined instants for determining the pulse transit time, or
PTT, wherein the delay between said electrocardio-
graphic curve (210) and said tonometric curve (220),
said microcontroller (300) being, then, arranged to
associate said computed delay to a determined refer-
ence value of the arterial blood pressure and to mea-
sure, therefore, at said determined instants (ti), the
difference APA(ti) between the value PA1(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
value PA2(ti) of arterial blood pressure that is estimated
by the tonometric curve, and to the value PA1(ti) of
arterial blood pressure that is estimated by pulse transit
time.
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