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Measurement of Oxygen Saturation of Blood Haemoglobin

This invention relates to the measurement of oxygen saturation of blood

haemoglobin.

The oxygen saturation of haemoglobin in blood is an important indicator of
the health of a subject. For example, measurements of oxygen saturation
can detect hypoxia before the subject becomes cyanosed. Measurement
of oxygen saturation of blood haemoglobin is therefore routinely carried
out for subjects receiving medical care in hospitals, and for monitoring the
health of subjects in the home.

Traditionally, oximeters are used to make measurements of oxygen
saturation of blood haemoglobin at peripheral sites of the subject, such as
a finger, ear or toe. Thus saturation of peripheral oxygen, commonly
referred to as SpO,, is measured. In use, an oximeter is attached to a
peripheral site of the subject, in proximity to an artery, and senses the
oxygen saturation of arterial blood. The oximeter comprises two radiation
sources and a radiation detector. Commonly, the radiation sources are
positioned on a first side of the peripheral site, e.g. on a first side of a
finger, and the radiation detector is arranged on a second, opposite, side
of the peripheral site. This is referred to as a transmission oximeter.
Radiation from the sources is transmitted from the sources into the
peripheral site. Some of the radiation is absorbed by the peripheral site,
and particularly the blood in the artery of the site, and some of the
radiation passes through the peripheral site. At least some of this
transmitted radiation is detected by the detector. The radiation sources,
usually LEDs, produce radiation at different wavelengths, the first source
in the red part of the electromagnetic spectrum, and the second source in
the infra red (IR) part of the electromagnetic spectrum. The level of

CONFIRMATION COPY



10

15

20

25

30

WO 2009/056859 PCT/GB2008/003708

absorption of red and IR radiation in blood, depends on the oxygenation
level of haemoglobin in the blood. Further, for blood having a particular
haemoglobin oxygenation level, the red and IR radiation will be absorbed
by different amounts. By detecting radiation that is transmitted through the
arterial blood, it is possible to calculate the absorptibn of the red and IR
radiation and compute the percentage of haemoglobin in the arterial blood
which is saturated with oxygen. This is usually expressed as a percentage
of total saturation. The blood flow through the artery will be pulsatile in
form. The oximeter is designed to detect radiation transmitted through
blood in the artery, by being configured to detect pulsatile transmitted
radiation. The oximeter is able to distinguish the pulsatile signals from
other more static signals, e.g. signals transmitted through tissue or veins.
The oximeter is able to measure the heart rate of the subject, and also to
produce an indication of the quality of blood flow through the artery.

As measurement of oxygen saturation of -haemoglobin in blood finds
widespread application, improvements in measurement systems and
techniques are constantly being sought.

According to a first aspect of the invention there is provided a chest-based
oximeter for measuring oxygen saturation of haemoglobin in blood of the
chest of a subject, comprising

at least one radiation source adapted to emit radiation onto the chest,

at least one radiation detector adapted to detect radiation reflected from
the chest, and

a pressure device adapted to apply pressure to the oximeter to connect
the oximeter to the chest.

It has been found that the signals representing radiation reflected from the
chest are weaker than signals representing radiation transmitted through
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the finger. Nevertheless, the chest signals are measurable, are sufficiently
strong to measure accurately oxygen saturation values, oxygen perfusion
trends and accurate heart rate values, and are sufficiently repeatability for

good quality measurements.

The pressure device may be applied to skin of the chest of the subject.
The pressure device may comprise a material which has a Young's
modulus which is lower than that of the skin of the chest of the subject.
The material may comprise a stretchable foam material. The pressure
device may stress and apply a pressure on the oximeter towards the skin,
to connect the oximeter to the chest. The difference between the Young's
modulus of the skin and the Young's modulus of the pressure device
material may cause the pressure device to stress and apply a pressure on
the oximeter towards the skin. The pressure device may apply pressure
on the oximeter which increases with time, for example as the skin
absorbs moisture from the material of the pressure device.

The pressure device may be profiled to press onto the chest of the subject
to apply pressure to the oximeter towards the chest, to connect the
oximeter to the chest. The pressure device may comprise a suction
device. The pressure device may comprise a biasing device, for example,
a spring. The pressure device may comprise a finger push device. The
pressure device may comprise a belt.

The pressure device may apply a pressure in the range of approximately 1
Pascal to approximately 100000 Pascal. The pressure device may be

provided with a pressure sensitive adhesive.

The pressure device may optically couple the radiation from the radiation
source to the chest of the subject. The pressure device may optically

PCT/GB2008/003708
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couple the radiation reflected from the chest of the subject to the radiation
detector.

It has been found that the amplitude of detected radiation significantly
increases when a pressure is applied to the oximeter. The amplitude of
the detected radiation is indicative of the quality of the measure of the
oxygen saturation of haemoglobin in blood that is obtained by the
oximeter. Accurate measurement of oxygen saturation by oximeters can
only be achieved when an adequate pulse is present at the measurement
site, i.e. the chest. Applying pressure to the oximeter will increase the
strength of the measurement of the pulse and therefore oxygen saturation
will be more accurately measured by the oximeter. The pressure to be
applied by the pressure device may be determined by applying a range of
pressure from zero pressure to heavy pressure to the oximeter, and
measuring the radiation reflected from the chest. It has been found that as
the pressure is gradually increased, the peak to peak values of measured
signals stays approximately constant until a pressure threshold is reached,
then the peak to peak values increases as the pressure continues to
increase, until a cut-off pressure is reached at which the peak to peak
values fall to an unmeasurable size where the quality of the signals has
deteriorated significantly. The pressure range between the pressure
threshold and the pressure cut-off is the optimum pressure range to use.

The chest-based oximeter may comprise an optical coupling element.
This may be positioned in the oximeter to enhance coupling of radiation
between the radiation source and the radiation detector and the chest of
the subject.

The at least one radiation source and the at least one radiation detector
may be mounted in the chest-based oximeter such that they are spaced
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apart by a distance in the range of approximately 0.5mm to approximately
2cm. The at least one radiation source and the at least one radiation
detector may be mounted in the chest-based oximeter such that, in use,
they are positioned in the range of approximately 1cm to approximately
20cm above the chest of the subject.

The at least one radiation source may emit radiation having one or more
infra red peak wavelengths. The chest-based oximeter may further
comprise a second radiation source which emits radiation having one or
more infra red peak wavelengths. The at least one radiation source may
emit radiation having at least a first infra red peak wavelength, and the
second radiation source may emit radiation having at least a second,
different, infra red peak wavelength. The or each infra red peak
wavelength is in the range of 600nm to 1500nm, for example 780nm,
810nm, 820nm, 830nm, 840nm, 850nm, 870nm, 880nm, 890nm, 910nm,
940nm, 970nm, 1050nm, 1070nm, 1200nm, 1300nm, 1350nm, 1450nm,
1550nm.

Infra red radiation has a wavelength range which sensitive to the
measurement of oxygen saturation in blood. Using one or more radiation
sources which emit radiation having infra red wavelengths therefore
optimises the detection ability of the oximeter. Effects due to skin, tissue
path, etc. can be filtered or monitored and subtracted in order to measure
the oxygen saturation and also the heart rate of the subject.

The at least one radiation source may emit radiation having one or more
visible peak wavelengths. The chest-based oximeter may further
comprise a second radiation source which emits radiation having one or

more visible peak wavelengths.

PCT/GB2008/003708
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The at least one radiation source may emit radiation having one or more
visible peak wavelengths, and the oximeter may further comprise a
second radiation source which emits radiation having one or more infra
red peak wavelengths.

The radiation source or radiation sources may comprise an LED or LEDs.
The radiation source or radiation sources may comprise a solid state laser
or solid state lasers. When the oximeter comprises two or more radiation
sources, the sources may comprise LEDS, or solid state lasers, or a
combination of LEDs and solid state lasers.

The chest-based oximeter may comprise one or more devices to, for
example, process or amplify the radiation detected by the radiation
detector. The chest-based oximeter may comprise a processor, which
may receive one or more signals representing radiation detected by the
radiation detector, and may use the signal or signals to provide a measure
of the oxygen saturation of haemoglobin in blood of the chest. The chest-
based oximeter may comprise a transmitter. The transmitter may transmit
one or more signals representing the measure of the oxygen saturation of
haemoglobin in blood of the chest to a remote receiver. The transmitter
may relay changes in oxygen saturation in blood of the chest of the
subject to, for example, a clinician even when the subject is at home. The
chest-based oximeter may comprise a receiver. The receiver may receive
instructions which may be used to control the operation of the chest-based
oximeter.

Alternatively, the transmitter may transmit signals representing the
radiation detected by the detector to a remote receiver, which comprises a
processor which uses the signal or signals to provide a measure of the
oxygen saturation of haemoglobin in blood of the chest.
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The transmitter may wirelessly transmit the one or more signals to the
remote receiver. This means that the chest-based oximeter does not
require leads to connect to the remote receiver, which may otherwise
impede movement of the subject.

The chest-based oximeter may comprise a hydrogel interface. The
hydrogel interface may, in use, be attached to the chest of the subject.
The hydrogel interface may be placed in contact with skin of the chest.
The hydrogel interface may comprise adhesive, which is used to attach it
to the skin. The adhesive may be a pressure-sensitive adhesive. The
hydrogel interface may have substantially similar visco-elastic properties
as skin. The hydrogel interface may have a Young's modulus substantially
similar to that of skin. The hydrogel interface may be flexible. The
hydrogel interface may be flexible to allow it to flex with movement of the
subject. The hydrogel interface may be flexible to allow it to flex with
movement of the subject, such that it remains attached to the chest. The
hydrogel interface may be flexible to allow it to flex with movement of the
subject, such that radiation from the radiation source is emitted
substantially perpendicular onto the measurement site of the subject. The
hydrogel interface may be flexible to allow it to flex with movement of the
subject, such that motion-induced artefacts in the reflected radiation
detected by the detector are reduced. The hydrogel interface may have
substantially similar electrical properties as skin. This will give overall
similar ionic content and therefore no potential gradients. The hydrogel
interface may act as a second skin for the measurement site.

The hydrogel interface may be situated between the radiation source and
radiation detector and the chest of the subject. The hydrogel interface
may cover the radiation source. The hydrogel interface may cover the
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radiation detector. The radiation source may emit radiation through the
hydrogel interface onto the chest. The hydrogel interface may diffuse the
radiation emitted from the radiation source. The diffusion of the radiation
may average angles of penetration of the radiation into the chest. The
diffusion may be, for example, from an approximately 1mm? source to an
area of approximately 1cm®. The hydrogel interface may provide coupling
of the radiation from the source to the chest. The radiation detector may
detect radiation reflected from the chest which passes through the
hydrogel interface. The hydrogel interface may diffuse the radiation
reflected from the chest. -The diffusion of the radiation may average
angles of reflection of the radiation from the chest. The diffusion may be,
for example, from an approximately 1mm? source to an area of
approximately 1cm?. The hydrogel interface may provide coupling of the
radiation from the chest to the radiation detector. The diffusion allows for
improved averaging of the absorption of the radiation, and thus improved
accuracy of the oximeter. The coupling improves the detection of the
reflected radiation against background noise/artefact. This gives a cleaner
and more sensitive analysis leading to higher accuracy. The optical
coupling stops stray light from interfering with the detected radiation.

The hydrogel interface may be shaped to fit the chest of the subject. The
hydrogel interface may comprisé a film. The hydrogel interface may
comprise a ball. The hydrogel interface may have a thickness in the range
of approximately 0.5mm to approximately 1cm. The hydrogel interface
may have an area of approximately 1cm?. The hydrogel interface may be
up to approximately 85% water based. The hydrogel interface is
preferably biocompatible. It will then have a low toxicity and sensitisation
effects on the subject.

PCT/GB2008/003708
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It has been found that when the chest-based oximeter is provided with a
hydrogel interface, the signals produced by the radiation detector have
waveforms which can be sharper and more consistent, than those
produced when no hydrogel interface is used. When no hydrogel interface
is used, the signals produced by the radiation detector are stronger than
those produced when a hydrogel interface is used, but the signals may be
more prone to influence by slight movements between the oximeter and
the skin of the subject and between the skin and underlying bone.

The chest-based oximeter may have a low profile. This will make it easier
to wear than conventional oximeters used on a finger, ear or toe.

The chest-based oximeter may, in use, be attached to a region of the
chest above the notch sternum. Positioning of the chest-based oximeter
above the notch region of the chest of the subject will ensure high coupling
of the oximeter with the main heart blood paths. Positioning of the chest-
based oximeter above the notch region of the chest of the subject avoids
hysteresis or time delays in signals detected by the oximeter. Positioning
of the chest-based oximeter above the notch region of the chest of the
subject also makes the oximeter easy for the subject to wear.

The chest-based oximeter may be used to measure a wide range of
oxygen saturation values. This may be tested by the subject carrying out
a controlled breathing exercise, which manipulates the subject's blood
oxygen saturation values, through a wide range of saturation values. It
has been found that decreases in 6xygen saturation values were indicated
earlier at the chest than at the finger, that measurements of oxygen
saturation taken at the chest fell at a faster rate than measurements of
oxygen saturation taken at the finger, and that chest oxygen saturation
values fell to a lower level than finger oxygen saturation values.
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The chest-based oximeter may also measure carbon monoxide saturation
in blood of the chest of the subject.

The chest-based oximeter may form part of a system which measures one
or more vital signs of the subject. The vital signs may comprise any of
heart rate, ECG, respiration rate, temperature. The system may comprise
the V-patch vital signs measurement system of Sensor Technology &
Devices.

According to a second aspect of the invention there is provided a method
of measuring oxygen saturation of haemoglobin in blood of the chest of a
subject, comprising

attaching an oximeter to the chest using a pressure device of the oximeter
adapted to apply pressure thereto to connect the oximeter to the chest,
operating at least one radiation source of the oximeter to emit radiation
onto the chest,

operating at least one radiation detector of the oximeter to detect radiation
reflected from the chest, and

using the radiation detected by the detector to measure the oxygen
saturation of haemoglobin in blood of the chest.

Embodiments of the invention will now be described by way of example

only, with reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of a first embodiment of an chest-
based oximeter according to the invention, shown positioned on a
subject's chest;
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Figure 2 is a schematic representation of the chest-based oximeter of
Figure 1, and

Figure 3 is a schematic representation of a second embodiment of a
chest-based oximeter according to the invention.

Figure 1 shows a first embodiment of a chest-based oximeter 1 according
to the invention, placed on a subject's chest. The oximeter 1 is positioned
on a region of the chest above the notch sternum, as illustrated, and
measures oxygen saturation of haemoglobin in blood of the region of the
chest above the notch sternum.

Figure 2 shows the chest-based oximeter 1 in more detail. The oximeter 1
comprises a housing 3, two radiation sources 5, 7, a radiation detector 9
and a pressure device 11. The housing comprises a flexible substrate.
The radiation sources 5, 7 and the radiation detector 9 are each mounted
on a surface of the housing 3, as shown, in a reflectance measurement
arrangement. The sources and the detector are spaced apart by a
distance in the range of approximately 0.5mm to approximately 2cm. The
radiation sources 5, 7 comprise LEDs. The radiation source 5 emits
radiation having a visible peak wavelength in the red region of the visible
spectrum. The radiation source 7 emits radiation having an infra red peak
wavelength of 920nm or 1300nm. The radiation source 7 comprises an IR
LED, such as those supplied by Roithner Lasertechnik. The radiation
detector 9 comprises a photodiode, such as the TSL220 photodiode
supplied by Texas Instruments.

As described, the chest-based oximeter 1 comprises a conventional
arrangement of radiation sources in terms of number and wavelength. It
will be appreciated that the oximeter 1 could comprise a different number

PCT/GB2008/003708
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of radiation sources with different wavelengths, for example a first
radiation source which emits radiation having an infra red peak
wavelength of 900nm and a second radiation source which emits radiation
having an infra red peak wavelength of 1300nm.

The pressure device 11 comprises a stretchable foam material, which has
a Young's modulus which is lower than that of the skin of the chest of the
subject. The pressure device 11 is attached at a first side thereof to the
surface of the housing 3 on which the radiation sources and detector are
mounted. The pressure device 11 as shown extends along the surface of
the housing 3 and around the sides of the housing 3. It will be appreciated
that other shapes of pressure device 11 may be used, for example, the
pressure device may only extend along part of the surface of the housing
3. In use, the pressure device 11 is applied at a second side thereof to
skin of the region of the chest above the notch sternum of the subject. As
the Young's modulus of the skin and the Young's modulus of the pressure
device material are different, this will cause the pressure device 11 to
stress and apply a pressure on the oximeter towards the skin, and connect
the oximeter to the chest. The pressure device 11 may apply a pressure
in the range of approximately 1 Pascal to approximately 100000 Pascal on
the oximeter towards the chest of the subject.

The pressure device 11 is of a thickness to position the radiation sources
5, 7 and the radiation detector 9 between approximately 1cm and
approximately 20 cm above the notch region of the chest. The pressure
device 11 is shaped to optically coUpIe the radiation from the radiation
sources 5, 7 to the notch region of the chest, and to optically couple the
radiation reflected from the notch region of the chest to the radiation
detector 9.

PCT/GB2008/003708



10

15

20

25

30

WO 2009/056859

13

The chest-based oximeter 1 further comprises a power supply, a
controller, a processor, a receiver, a transmitter and electronic circuitry, all
located within the housing 3. The electronic circuitry connects the
radiation sources 5, 7 and the radiation detector 9 to the power supply, for
supply of power thereto. It will be appreciated that, alternatively, a power
supply could be provided external to the oximeter 1. The electronic
circuitry connects the radiation sources 5, 7 to the controller, which acts to
control the operation of the sources. The electronic circuitry connects the
radiation detector 9 to the processor. The processor receives signals from
the radiation detector 9, and uses the signals to provide a measure of the
oxygen saturation. The processor may pass measurement of the oxygen
saturation to the transmitter, for transmission to a device external to the
oximeter. It will appreciated that the chest-based oximeter 1 may be
connected to a processor which is situated external to the oximeter. The
oximeter may then transmit signals from the radiation detector 9 to a
receiver of the external processor. The controller of the oximeter 1 may
receive control signals via the receiver from a source external to the
oximeter, to control operation of the oximeter. For example, the control
signals may be generated by a physician of the subject. The transmitter
and receiver of the oximeter 1 may be connected by wires or, preferably,
wirelessly connected to devices external to the oximeter.

The entire chest-based oximeter 1 has a low profile. This will make it
easier for the subject to wear than conventional oximeters used on a
finger, ear or toe.

In use, the chest-based oximeter 1 is attached to the region of the chest
above the notch sternum of the subject using the pressure device 11, and
measures oxygen saturation of haemoglobin in blood of the notch region
of the chest, as follows. The controller receives a signal via the receiver

PCT/GB2008/003708
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causing it to activate the radiation sources 5, 7. These emit red and IR
radiation onto the notch region of the chest. The radiation from the
sources is transmitted into the notch region, and some of the radiation is
absorbed by the notch region of the chest, and particularly haemoglobin in
blood in arteries of the chest region. Some of the radiation from the
sources is reflected from the notch region of the chest, and particularly
haemoglobin in the blood in the arteries. The level of absorption of red
and IR radiation in blood, depends on the oxygenation level of
haemoglobin in the blood, and, for blood having a particular haemoglobin
oxygenation level, the red and IR radiation will be absorbed by different
amounts. The detector 9 detects red and IR radiation reflected from the
notch region. The detector 9 produces signal representative of the
reflected radiation, and passes these signals to the processor. The
processor uses the signals in an analysis algorithm and calculates the
absorption of the red and IR radiation, and computes a measure of the
oxygen saturation of haemoglobin in blood of the arteries of the notch
sternum region of the chest. This is usually expressed as a percentage of
total saturation. The blood flow through the arteries will be pulsatile in
form. The oximeter 1 is designed to detect radiation reflected from blood
in the arteries, by being configured to detect pulsatile reflected radiation.
The oximeter 1 is able to distinguish the pulsatile signals from other more
static signals, e.g. signals transmitted through tissue or veins. The
oximeter 1 is also able to measure the heart rate of the subject, and to
produce an indication of the quality of blood flow through the arteries.

Positioning of the oximeter 1 abové the notch region of the chest of the
subject ensures high coupling of the oximeter 1 with the main heart blood
arteries. Positioning of the oximeter 1 above the notch region of the chest
also avoids hysteresis in signals detected by the oximeter 1, and makes
the oximeter easy for the subject to wear.

PCT/GB2008/003708
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As stated earlier, it has been found that the signals representing radiation
reflected from the chest are weaker than signals representing radiation
transmitted through the finger. Nevertheless, the chest signals are
measurable, are sufficiently strong to measure accurately oxygen
saturation values and accurate heart rate values, and are sufficiently
repeatability for good quality measurements.

Figure 3 shows a second embodiment of a chest-based oximeter 21, used
to measure oxygen saturation of haemoglobin in blood of a subject. The
oximeter 21 comprises a housing 23, two radiation sources 25, 27, a

- radiation detector 29, a pressure device 30 and a hydrogel interface 31.

The housing comprises a flexible substrate. The radiation sources 25, 27
and the radiation detector 29 are each mounted on a surface of the
housing 23, as shown, in a reflectance measurement arrangement. The
sources and the detector are spaced apart by a distance in the range of
approximately 0.5mm to approximately 2cm. The radiation sources 25, 27
comprise LEDs. The radiation source 25 emits radiation having a visible '
peak wavelength in the red region of the visible spectrum. The radiation
source 27 emits radiation having an infra red peak wavelength. As
described, the chest-based oximeter 21 again comprises a conventional
arrangement of radiation sources in terms of number and wavelength. It
will be appreciated that the oximeter 21 could comprise a different number
of radiation sources with different wavelengths, for example one or two
radiation sources which emit radiation having one or more infra red peak

wavelengths.

The pressure device 30 may comprise any of a finger push device, a belt,
a biasing device, for example, a spring. The pressure device 30 is
attached at a first side thereof to the surface of the housing 23 on which

PCT/GB2008/003708
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the radiation sources and de"(ector are not mounted. The pressure device
30 as shown extends along the surface of the housing 23 and around the
sides of the housing 23. It will be appreciated that other shapes of
pressure device 30 may be used, for example, the pressure device may
only extend along part of the surface of the housing. In use, the oximeter
21 is applied to the region of the chest above the notch sternum of the
subject. The pressure device 30 is activated and applies a pressure on
the oximeter 21 towards the chest, and connects the oximeter 21 to the
chest. The pressure device 11 may apply a pressure in the range of
approximately 1 Pascal to approximately 100000 Pascal on the oximeter
towards the chest of the subject.

The hydrogel interface 31 is shaped to fit the chest of the subject. The
hydrogel interface 31 comprises a film, having a thickness in the range of
approximately 0.5mm to approximately 1cm. The hydrogel interface 31 is
biocompatible, to reduce toxicity and sensitisation effects on the subject.

The hydrogel interface 31 is atfached at a first side thereof to the surféce
of the housing 23 on which the radiation sources and detector are
mounted. The hydrogel interface 31 is attached at a second side thereof
to the chest of the subject. The hydrogel interface 31 is placed in contact
with skin of the measurement site, and comprises adhesive, which is used
to attach it to the skin. The adhesive is preferably pressure-sensitive. The
hydrogel interface 31 has substantially similar visco-elastic properties as
skin, and a Youngs modulus substantially similar to that of skin. The
hydrogel interface 31 is flexible, to éllow it to flex with movement of the
subject, such that it remains attached to the chest and radiation from the
radiation sources is emitted substantially perpendicular onto the
measurement site. Such flexibility of the hydrogel interface 31 will
reduced motion-induced artefacts in the reflected radiation detected by the



10

15

20

25

30

WO 2009/056859

17

detector 29. The hydrogel interface 31 preferably also has substantially
similar electrical properties as skin. In effect, the hydrogel interface 31
acts as a second skin for the chest of the subject.

The hydrogel interface 31 is situated between the radiation sources-25, 27
and the radiation detector 29, and the chest of the subject, as shown. The
hydrogel interface 31 thus covers the radiation sources 25, 27, which emit
radiation through the hydrogel interface 31 onto the chest. The hydrogel
interface 31 diffuses the radiation emitted from the radiation sources, to
average angles of penetration of the radiation into the chest. The hydrogel
interface 31 also provides coupling of the radiation from the sources 25,
27 to the chest. The hydrogel interface 31 also covers the radiation
detector 29, which detects radiation reflected from the chest which passes
through the hydrogel interface 31. The hydrogel interface 31 diffuses the
radiation reflected from the chest, to average angles of reflection of the
radiation from the chest. The hydrogel interface 31 also provides coupling
of the radiation from the chest to the radiation detector 29.

The oximeter 21 further comprises a power supply, a controller, a
processor, a receiver, a transmitter and electronic circuitry, all located
within the housing 23. The electronic circuitry connects the radiation
sources 25, 27 and the radiation detector 29 to the power supply, for
supply of power thereto. It will be appreciated that, alternatively, a power
supply could be provided external to the oximeter 21. The electronic
circuitry connects the radiation sources 25, 27 to the controller, which acts
to control the operation of the sources. The electronic circuitry connects
the radiation detector 29 to the processor. The processor receives signals
from the radiation detector 29, and uses the signals to provide a measure
of the oxygen saturation. The processor may pass measurement of the
oxygen saturation to the transmitter, for transmission to a device external
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to the oximeter. It will appreciated that the chest-based oximeter may be
connected to a processor which is situated external to the oximeter 21.
The oximeter may then transmit signals from the radiation detector 29 to a
receiver of the external processor. The controller of the oximeter 21 may
receive control signals via the receiver from a source external to the
oximeter, to control operation of the oximeter. For example, the control
signals may be generated by a physician of the subject. The transmitter
and receiver of the oximeter 21 may be connected by wires or, preferably,
wirelessly connected to devices external to the oximeter.

In use, the oximeter 21 is attached to the chest of the subject via the
hydrogel interface 31, and the pressure device 30 activated to apply
pressure on the oximeter towards the chest. The region of the chest of the
subject may be above the notch sternum of the chest. The controller
receives a signal via the receiver causing it to activate the radiation
sources 25, 27. These emit red and IR radiation onto the measurement
site. The radiation from the sources is transmitted into the chest, and
some of the radiation is absorbed by the chest, and particularly
haemoglobin in blood in arteries of the chest. Some of the radiation from
the sources is reflected from the chest, and particularly haemoglobin in the
blood in the arteries. The level of absorption of red and IR radiation in
blood, depends on the oxygenation level of haemoglobin in the blood, and,
for blood having a particular haemoglobin oxygenation level, the red and
IR radiation will be absorbed by different amounts. The detector 29
detects red and IR radiation reflected from the chest. The detector 29
produces signal representative of the reflected radiation, and passes these
signals to the processor. The processor uses the signals in an analysis
algorithm and calculates the absorption of the red and IR radiation, and
computes a measure of the oxygen saturation of haemoglobin in blood of
the arteries of the chest. This is usually expressed as a percentage of
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total saturation. The blood flow through the arteries will be pulsatile in
form. The oximeter 21 is designed to detect radiation reflected from blood
in the arteries, by being configured to detect pulsatile reflected radiation.
The oximeter 21 is able to distinguish the pulsatile signals from other more
static signals, e.g. signals transmitted through tissue or veins. The
oximeter 21 is also able to measure the heart rate of the subject, and to
produce an indication of the quality of blood flow through the arteries.

It has been found that when the chest-based oximeter 21 is provided with
a hydrogel interface 31, the signals produced by the radiation detector 29
have waveforms which are sharper and more consistent, than those
produced when no hydrogel interface is used. When no hydrogel interface
is used, the signals produced by the radiation detector are stronger than
those produced when a hydrogel interface is used, but the signals are
more prone to influence by slight movements between the oximeter and
the skin of the subject and between the skin and underlying bone.
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CLAIMS

1. A chest-based oximeter for measuring oxygen saturation of
haemoglobin in blood of the chest of a subject, comprising

at least one radiation source adapted to emit radiation onto the chest,
at least one radiation detector adapted to detect radiation reflected from
the chest, and

a pressure device adapted to apply pressure to the oximeter to connect
the oximeter to the chest.

2. A chest-based oximeter according to claim 1 in which the pressure
device is applied to skin of the chest of the subject, and comprises a

~material which has a Young's modulus which is lower than that of the skin

of the chest of the subject.

3. A chest-based oximeter according to claim 2 in which the pressure
device stresses and applies a pressure on the oximeter towards the skin,
to connect the oximeter to the chest.

4, A chest-based oximeter according to claim 1 in which the pressure
device comprises any of a biasing device, a finger push device, a belt.

5. A chest-based oximeter according to any preceding claim in which
the pressure device applies a pressure in the range of approximately 1
Pascal to approximately 100000 Pascal.

6. A chest-based oximeter according to any preceding claim in which
the pressure device optically couples the radiation from the radiation
source to the chest of the subject, and optically couples the radiation
reflected from the chest of the subject to the radiation detector.



WO 2009/056859 PCT/GB2008/003708

21

7. A chest-based oximeter according to any preceding claim in which
the at least one radiation source and the at least one radiation detector are
mounted in the chest-based oximeter such that they are spaced apart by a
distance in the range of approximately 0.5mm to approximately 2cm.

8. A chest-based oximeter according to any preceding claim in which
the at least one radiation source and the at least one radiation detector are
mounted in the chest-based oximeter such that, in use, they are positioned
in the range of approximately 1cm to approximately 20cm above the chest
of the subject.

9. A chest-based oximeter according to any preceding claim in which
the at least one radiation source emits radiation having one or more infra
red peak wavelengths.

10. A chest-based oximeter according to claim 9 which further
comprises a second radiation source which emits radiation having one or
more infra red peak wavelengths.

11. A chest-based oximeter according to claim 10 in which the at least
one radiation source emits radiation having at least a first infra red peak
wavelength, and the second radiation source emits radiation having at
least a second, different, infra red peak wavelength.

12. A chest-based oximeter according to any of claims 9 to 11 in which
the or each infra red peak wavelength is in the range of 600nm to 1500nm,
for example 780nm, 810nm, 820nm, 830nm, 840nm, 850nm, 870nm,
880nm, 890nm, 910nm, 940nm, 970nm, 1050nm, 1070nm, 1200nm,
1300nm, 1350nm, 1450nm, 1550nm.



10

15

20

25

30

WO 2009/056859

22

13. A chest-based oximeter according to any of claims 1 to 8 in which
the at least one radiation source emits radiation having one or more visible

peak wavelengths.

14. A chest-based oximeter according to claim 13 which further
comprises a second radiation source which emits radiation having one or

more visible peak wavelengths.

15. A chest-based oximeter according to any of claims 1 to 8 in which
the at least one radiation source emits radiation having one or more visible
peak wavelengths, and the oximeter further comprises a second radiation
source which emits radiation having one or more infra red peak
wavelengths.

16. A chest-based oximeter according to any preceding claim which

comprises a hydrogel interface.

17. A chest-based oximeter according to any preceding claim which

has a low profile.

18. A chest-based oximeter according to any preceding claim which
also measures carbon monoxide saturation in blood of the chest of the

subject.

19. A chest-based oximeter according to any preceding claim which
forms part of a system which measures one or more vital signs of the
subject, such as any of heart rate, ECG, respiration rate, temperature.

20. A method of measuring oxygen saturation of haemoglobin in blood
of the chest of a subject, comprising
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attaching an oximeter to the chest using a pressure device of the oximeter
adapted to apply pressure thereto to connect the oximeter to the chest,
operating at least one radiation source of the oximeter to emit radiation
onto the chest,

operating at least one radiation detector of the oximeter to detect radiation
reflected from the chest, and

using the radiation detected by the detector to measure the oxygen
saturation of haemoglobin in blood of the chest.
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