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A SYSTEM FOR MEASURING BLOOD PRESSURE IN AN ARTERY
FIELD OF INVENTION

The present invention relates to a system for non-interfering blood pressure
measurements. In particular, the invention relates to systems for validating the
recording of the blood pressure in relation to the position of the sensor relative to the
heart.

BACKGROUND OF INVENTION

Blood pressure can be measured in a number of ways: by use of an invasive pressure
sensor, an oscillometric sensor, an auscultatory sensor and a tonometric sensor.

These methods will inevitably affect the state of the patient. It has been reported that a
considerable number of measurements performed at the office of a medical doctor or at
a hospital are affected by the general circumstances and may be quite erroneous
compared to what would have been measured if the patient had not been affected by
the medical environment.

US 6,558,335 discloses a sensor that is mounted on the wrist of a person/patient in
order to make blood pressure measurements less complicated and less dependent on
having the patient in a fixed well defined position.

A system for passive pressure sensing with an implantable device is described in US
6,855,115. Another description of a wireless pressure sensor in system for measuring
the pressure in a tube is given in US 7,059,196.

However, the measured blood pressure at the wrist of a patient will depend on the
position of the wrist in relation to the heart, in particular on the elevation of the sensor
relative to the heart and the transceiver.

None of the systems disclosed in the above mentioned documents include validation
schemes that relates to the position of the sensor relative to the transceiver.

SUMMARY OF THE INVENTION

According to the invention a system for measuring blood pressure in an artery by
wireless reading of a sensor is provided, the system comprising: a sensor having a
sensor antenna, the sensor being mounted in close proximity to an artery and emitting
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a sensor signal in response to the blood pressure in the artery, and wherein the sensor
antenna allows for wireless reading of the sensor signal, and a transceiver having a
transceiver antenna and being adapted to wirelessly read the sensor signal from a
position close to the heart of the patient. The antenna properties of the sensor antenna
and the transceiver antenna may be designed so that a reading of the sensor signal
can only be performed when the sensor is within a predetermined space relative to the

transceiver.

The system according to the invention is a sensor system for measuring the blood
pressure with a minimum of interference to the patient. The system consists of a
sensing device in the form of a sensor, a transceiver, and a computing and recording
device. The sensor is typically placed at the wrist. Preferably the sensor is an extra
corporal sensor. The transceiver can wirelessly read the state of the sensor.

Typically, the transceiver is attached to the patient, e.g. by a strap around the waist or
the chest and thus, the position of the transceiver in relation to the heart may be well
defined. In an embodiment, the transceiver may be incorporated in a bandage and
fastened to the skin close to the heart.

In a preferred embodiment of the invention, the sensor antenna is designed to have a
direction independent gain and the transceiver antenna is designed to have a
directional gain which provides for a large sensitivity when the sensor is within a
predetermined space relative to the transceiver and a small sensitivity when the sensor

is positioned outside this space.

The wireless coupling between the sensor and the transceiver may be an inductive
coupling, a capacitive coupling and/or an electromagnetic coupling. The transceiver
may be adapted for handling more than one coupling scheme, e.g. an inductive
coupling and an electromagnetic coupling.

In an embodiment of the present invention, the wireless reading of the sensor signal is
based on inductive coupling between the sensor and the transceiver. A transceiver coil
of the transceiver antenna may be shaped so that the desired antenna characteristic is
attained. The transceiver may be adapted such that the transceiver coil may have a
loop shape with the largest dimension substantially parallel to the longitudinal axis of
the patient. The loop shape may be expressed as an ellipse or a higher order ellipse.
The transceiver may comprise one or more coils, such as two, three, four, or more
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coils. The antenna characteristic of the transceiver antenna may have a cross section
substantially forming an ellipse or a higher order ellipse.

Inductive coupling can be exploited by using two coils, e.g. a first coil in the sensor and
a second coil in the transceiver. Let us assume that one coil, e.g. the second coil, is
powered by an oscillating current. The other coil, e.g. the first coil, is then defined as
the passive coil that receives energy from the power coil. In order to obtain a signal
from the passive coil the coupling efficiency has to exceed a certain value, which
depends on the amplitude and frequency of the current in the power coil, on the
modulation effect associated with the passive coil, and on the noise properties of the

electronic circuitry.

A necessary requirement for inductive coupling is that the spacing between the coils in
the sensor and the transceiver is much smaller than the wavelength of the
electromagnetic radiation emitted by the power coil and that the magnetic field lines of
the power coil have a component that is perpendicular to the plane of the passive coil.
The best coupling is obtained if the two coupling coils are of the same diameter and
placed right on top of each other. Let the planes defined by the two coils be parallel. If
the passive coil is moved in various directions we may obtain a sensitivity diagram
similar to the radiation pattern of a dipole antenna as illustrated in Fig. 3. The specific
shape of the pattern may be tailored by shaping the coils, e.g. by having an elliptic
shape the acceptance angle may be larger in the horizontal plane than in the vertical
plane.

If the distance between the sensor and the transceiver is larger than the wavelength
the coupling is based on electromagnetic interaction like in radio antennas.
Accordingly, the wireless reading of the sensor signal may be based on

electromagnetic waves.

In an embodiment of the present invention, the sensor antenna is omni directional. The
transceiver antenna may be selected from the group consisting of a dipole; a modified
dipole; a synthesized antenna based on materials with special electromagnetic
properties like a ceramic material and/or a meta material; a synthesized antenna
comprising one or more resonators; and an antenna array comprising phase delays to
obtain the desired directional properties.

The resonators may be split-ring resonators. The meta material may be formed as a
set or an array of split-ring resonators.
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If the transceiver has a simple dipole antenna with an antenna length smaller than the
wavelength a toroidal radiation pattern is observed. This is also is called the Gain of the
antenna. The axis of the toroid centers about the dipole. The cross section of the torus
is circular. If the length of the dipole is increased a flattened pattern may be observed.
This is desirable for the present application.

More sophisticated antenna designs may be incorporated as can be found in standard
literature on antenna design (see for example Johnson, Richard C (Ed) “Antenna
Engineering Handbook (3rd Edition)”, 1993 McGraw-Hill, Chapter 4 section 2 and 8).
High dielectric materials may be incorporated in order to reduce the physical size of the
antennas, because a high dielectric constant will reduce the effective wavelength at the
antenna. Novel materials like meta materials may be applied to obtain an even further
reduction in size. Meta materials, which incorporates structures that can be in the form
of locally conducting resonators allows for arbitrary designs for the permittivity and the
permeability including negative values at specific frequencies.

The transceiver may be designed so as primarily to be sensitive, i.e. read the sensor
signal, in a horizontal plane.

In an embodiment of the present invention, the transceiver may discard measurements
if the coupling between the sensor and the transceiver is not sufficient, e.g. below a
certain threshold value, indicating that the sensor is outside of the predetermined
space. Thus, the transceiver may be adapted to detect presence/absence of the sensor
in the predetermined space and record measurements accordingly. The measured
values of the blood pressure may be adjusted in accordance with the position 6f the
transceiver and/or the depending on the position of the patient, e.g. whether the patient
is lying down or standing up.

In an embodiment of the invention, a desirable gain pattern of the transceiver is that of
a torus with a cross-section of a super ellipse.

The vertical position of the sensor in relation to the heart is of importance to the
accuracy of the blood pressure measurement. In an embodiment, the predetermined
space covers a height range of from 15 cm below to 15 cm above the heart of the
patient. Other height ranges may lead to a satisfying result. The radius of the
predetermined space may range from O to about 1 m, preferably from about 5 cm to
about 50 cm.
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The wireless reading of the sensor signal may in an embodiment be based on

ultrasound.

The coupling antennas may be designed in such a way that the antenna characteristics
ensures that only when the sensor(s) is/are in a position within a predetermined space
relative to the heart will a recording of the blood pressure actually take place.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in further detail with reference to the
accompanying drawings, wherein:

Fig. 1 shows an embodiment of the system according to the invention,

Fig. 2 illustrates operation of the transceiver and sensors within and outside a
measurement space,

Fig. 3 illustrates the gain pattern of a dipole, and

Fig. 4 illustrates a part of a cross section of a gain pattern of a dipole.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows an embodiment of the system according to the invention. The system
comprises a sensor 1 having a sensor antenna, the sensor being adapted to be
mounted in close proximity to an artery on the wrist of the patient. The sensor emits a
sensor signal via the sensor antenna in response to the blood pressure in the artery,
and the sensor antenna in the sensor allows for wireless reading of the sensor signal.
Further, the system comprises a transceiver 2 that is placed on the surface of the
patient in close proximity to the heart. The transceiver 2 has a transceiver antenna and
is adapted to wirelessly read the sensor signal from a position close to the heart of the
patient. The antenna properties of the sensor antenna and the transceiver antenna are
designed so that a reading of the sensor signal can only be performed when the sensor
is within a predetermined space relative to the transceiver.

The sensor antenna has an omnidirectional gain pattern and the transceiver antenna
used for reading the state of the sensor, i.e. the sensor signal, has a gain pattern
implying that no signal is obtained if the sensor is not positioned within the desired,
predetermined space around the transceiver, e.g. if the elevation of the sensor is very
different from the elevation of the transceiver as illustrated in Fig. 2
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Fig. 2 illustrates the predetermined space 4 where the transceiver 2 reads the sensor
signal from the sensor. The sensor 5 is positioned outside the space 4 and the sensor
6 is positioned inside the space, i.e. the sensor 5 is not read by the transceiver 2 and
the sensor 6 may be read by the transceiver 2. Thus, the number of defective
measurements from the sensor 1, 5, 6 is reduced, since the transceiver 2 does not
read the sensor signal when the sensor is in a position that leads to defective

measurements.

Fig. 3 shows the gain pattern of a dipole. The gain pattern of the dipole forms a torus,
which can be flattened or altered by modifying the dipole. Fig. 4 shows the cross
section of one ring of the torus of an antenna gain pattern. The cross section of the

torus may be elliptic.
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CLAIMS

1. A system for measuring blood pressure in an artery by wireless reading of a sensor
comprising:

a sensor having a sensor antenna, the sensor being mounted in close proximity to an
artery and emitting a sensor signal in response to the blood pressure in the artery, and
wherein the sensor antenna allows for wireless reading of the sensor signal, and

a transceiver having a transceiver antenna and being adapted to wirelessly read the
sensor signal from a position close to the heart of the patient,

wherein antenna properties of the sensor antenna and the transceiver antenna are
designed so that a reading of the sensor signal can only be performed when the sensor
is within a predetermined space relative to the transceiver.

2. A system according to claim 1, wherein the sensor antenna is designed to have a
direction independent gain and the transceiver antenna is designed to have a
directional gain which provides for a large sensitivity when the sensor is within a
predetermined space relative to the transceiver and a small sensitivity when the sensor
is outside this space.

3. A system according to any of the claims 1-2, wherein the wireless reading of the
sensor signal is based on inductive coupling between the sensor and the transceiver.

4. A system according to claim 3, wherein a transceiver coil of the transceiver antenna
is shaped so that the desired antenna characteristic is attained.

5. A system according to claim 4, wherein the transceiver coil has a loop shape with
the largest dimension substantially parallel to the longitudinal axis of the patient.

6. A system according to claim 5, wherein the antenna characteristic has a cross
section substantially forming an ellipse or a higher order ellipse.

7. A system according to any of the preceding claims, wherein the wireless reading of
the sensor signal is based on electromagnetic waves.

8. A system according to claim 7, wherein the sensor antenna is omni directional, and
the transceiver antenna is selected from the group consisting of a dipole; a modified
dipole; a synthesized antenna based on materials with special electromagnetic
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properties like a ceramic material and/or a meta material; a synthesized antenna
comprising one or more split-ring resonators; and an antenna array comprising phase

delays to obtain the desired directional properties.

9. A system according to any of the claims 1-2, wherein the wireless reading of the
sensor signal is based on ultrasound and the transceiver is designed so as primarily to

be sensitive in a horizontal plane.
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