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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 SpO2, 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



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 absorption 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



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



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



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.



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.



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



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 1mm2 source to an

area of approximately 1cm2. 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 1mm2 source to an area of

approximately 1cm2. 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 comprise 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 1cm2. 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 sensitization

effects on the subject.



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 oxygen 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.



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;



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



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 couple 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.



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



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 above 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.



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 2 1, used

to measure oxygen saturation of haemoglobin in blood of a subject. The

oximeter 2 1 comprises a housing 23, two radiation sources 25, 27, a

radiation detector 29, a pressure device 30 and a hydrogel interface 3 1.

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 2 1 again comprises a conventional

arrangement of radiation sources in terms of number and wavelength. It

will be appreciated that the oximeter 2 1 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



the radiation sources and detector 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

2 1 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 2 1 towards the chest, and connects the oximeter 2 1 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 3 1 is shaped to fit the chest of the subject. The

hydrogel interface 3 1 comprises a film, having a thickness in the range of

approximately 0.5mm to approximately 1cm. The hydrogel interface 3 1 is

biocompatible, to reduce toxicity and sensitisation effects on the subject.

The hydrogel interface 3 1 is attached at a first side thereof to the surface

of the housing 23 on which the radiation sources and detector are

mounted. The hydrogel interface 3 1 is attached at a second side thereof

to the chest of the subject. The hydrogel interface 3 1 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 3 1 has substantially similar visco-elastic properties as

skin, and a Youngs modulus substantially similar to that of skin. The

hydrogel interface 3 1 is flexible, to allow 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 3 1 will

reduced motion-induced artefacts in the reflected radiation detected by the



detector 29. The hydrogel interface 3 1 preferably also has substantially

similar electrical properties as skin. In effect, the hydrogel interface 3 1

acts as a second skin for the chest of the subject.

The hydrogel interface 3 1 is situated between the radiation sources 25, 27

and the radiation detector 29, and the chest of the subject, as shown. The

hydrogel interface 3 1 thus covers the radiation sources 25, 27, which emit

radiation through the hydrogel interface 3 1 onto the chest. The hydrogel

interface 3 1 diffuses the radiation emitted from the radiation sources, to

average angles of penetration of the radiation into the chest. The hydrogel

interface 3 1 also provides coupling of the radiation from the sources 25,

27 to the chest. The hydrogel interface 3 1 also covers the radiation

detector 29, which detects radiation reflected from the chest which passes

through the hydrogel interface 3 1. The hydrogel interface 3 1 diffuses the

radiation reflected from the chest, to average angles of reflection of the

radiation from the chest. The hydrogel interface 3 1 also provides coupling

of the radiation from the chest to the radiation detector 29.

The oximeter 2 1 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 2 1. 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



to the oximeter. It will appreciated that the chest-based oximeter may be

connected to a processor which is situated external to the oximeter 2 1.

The oximeter may then transmit signals from the radiation detector 29 to a

receiver of the external processor. The controller of the oximeter 2 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 2 1 may be connected by wires or, preferably,

wirelessly connected to devices external to the oximeter.

In use, the oximeter 2 1 is attached to the chest of the subject via the

hydrogel interface 3 1, 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



total saturation. The blood flow through the arteries will be pulsatile in

form. The oximeter 2 1 is designed to detect radiation reflected from blood

in the arteries, by being configured to detect pulsatile reflected radiation.

The oximeter 2 1 is able to distinguish the pulsatile signals from other more

static signals, e.g. signals transmitted through tissue or veins. The

oximeter 2 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.

It has been found that when the chest-based oximeter 2 1 is provided with

a hydrogel interface 3 1, 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.



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.



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.



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



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.







A. CLASSIFICATIONO F SUBJECT MATTER
INV . A61B5/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

WO 99/47039 A (AIHONEN JUKKA [FI]; 1,4,5,7,
KIRVESKARI JUHA [FI]; PENTTILAE HEIKKI 9-13,15,
[FI]; SIRKI) 19,20
23 September 1999 (1999-09-23)
page 7 , line 25 - page 11, line 12; figure
5

US 2002/124295 Al (FENWICK LOEL [US] ET 1, 4 5 ,8,
AL) 12 September 2002 (2002-09-12) 9 , 12, 13,

15 , 17
19 ,20

paragraphs [0070] - [0072]; claims 1-4

WO 96/16591 A (AIHONEN JUKKA [FI]; 1, 4 , 5
PENTTILAE HEIKKI [FI]; SIRKIAE JOUNI [FI]; 17-20
TUOMINE) 6 June 1996 (1996-06-06)
paragraphs [0020] - [0039]; claims

-/-

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T" later document published after the international filing date

or pπoπty date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
"E' earlier document but published on or after the international "X" document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
1L" document which may throw doubts o n prionty cla ιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

1P1 document published prior to the international filing date but in the art

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

17 February 2009 03/03/2009

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Ri)swi)k

TeI (+31-70) 340-2040,
Fax (+31-70) 340-3016 Manschot, Jan

Form PCT/ISA/210 (second sheet) (April 2005)



C(Contlnuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

GB 2 425 181 A (PISANI JUSTIN [GB]; HOWARD 1 4 5
PETER [GB]; CADE DANIEL [GB]; WARD 17,19,20
STEPHEN) 18 October 2006 (2006-10-18)
page 5 , paragraph 2

US 2007/142715 A l (BANET MATTHEW J [US] ET 1,20
AL) 21 June 2007 (2007-06-21)
paragraphs [0008], [0009]

P ,X EP 1 946 697 A (SUISSE ELECTRONIQUE 1,4,5,
MICROTECH [CH]) 23 July 2008 (2008-07-23) 7-13,15,

17,20
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 9947039 A 23-09-1999 NONE

US 2002124295 Al 12-09-2002 NONE

WO 9616591 A 06-06-1996 AU 690764 B2 30-04-1998
AU 3985095 A 19-06-1996
EP 0796056 Al 24-09-1997
FI 945613 A 30-05-1996
JP 10509083 T 08-09-1998

GB 2425181 A 18-10-2006 NONE

US 2007142715 Al 21-06-2007 NONE

EP 1946697 A 23-07-2008 US 2008171926 Al 17-07-2008

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

