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than the devices in the prior art.
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Description
Scope of the invention

[0001] This invention relates to a non-invasive device
for measuring analytes, preferably glucose, in a biologi-
cal sample by near infrared spectroscopy (NIR), as well
as amethod for measuring an analyte in a biological sam-
ple using near infrared spectroscopy.

Background of the invention

[0002] It is estimated that 170 million people through-
out the world have diabetes, a disease in which the body
does not produce insulin or respond adequately to it. A
high concentration of glucose levels in blood (also known
as blood sugar levels) can cause serious harm to the
heart, blood vessels, kidneys, eyes and nerves. If un-
treated, diabetes can lead to unexpected death in a short
period of time. Persons with diabetes need to balance
their diet, exercise and medication (for example insulin,
which can be taken orally or by injection), to maintain
their blood glucose levels as close to normal levels as
possible. Insulin pumps have been developed so that
insulin can be administered to diabetic patients continu-
ously.

[0003] Regardless of how insulin is administered to a
diabetic, continuous monitoring of blood glucose level is
very important to avoid the problems which arise when
glucose levels are low or, conversely, excessively high.
Thus diabetics have to monitor their blood glucose levels
frequently (such as six times per day) to maintain an ad-
equate level of insulin in the blood.

[0004] Many non-invasive systems and methods for
measuring body biological parameters have been de-
scribed in recent years, and these include non-invasive
methods for the measurement of blood glucose. The fol-
lowing are some of these documents:

[0005] InUS 4055768 entitled "Light measuring appa-
ratus" by Nathan S. Bromberg, a fluorimeter is used to
measure the concentration of a fluorescent material in a
sample; an intermittent light to illuminate the sample with
exciting radiation is used for this purpose. The intensity
of the fluorescence emitted by the sample is modulated
in a flash manner. The modulated fluorescence is con-
verted into an electrical signal by a photodetector. The
electrical signal is amplified and passes through a sen-
sitive detector stage to an integrator. When the sample
has been subjected to a particular quantity of excited
radiation the signal marking the end of the integration
period is generated. The signal accumulating in the inte-
grator is then measured to obtain a measurement of the
quantity of fluorescent material in the sample. The appa-
ratus is also useful as a nephelometer for measuring the
dispersion properties of light in a material illuminated by
intermittent light.

[0006] InUS 4704029 entitled "Blood glucose monitor"
by Alan Van Heuvelen, a blood glucose monitor is used
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as an implant to control an insulin pump. The glucose
monitor measures the level in blood using a refractometer
which measures the refractive index of the blood at an
interface with a transparent surface of the refractometer.
The angle ofincidence of the light is selected to be slightly
less than the critical angle for total internal reflection, with
the result that the reflected intensity varies enormously
with the refractive index and the glucose concentration.
A differential amplifier compares the intensity of the light
reflected from the blood and the intensity of the beam
prior to reflection. The output signal from the differential
amplifier indicates only a change in the intensity of the
reflected light caused by a change in the glucose con-
centration from a standard configuration.

[0007] InUS 3963019 entitled "Ocular test method and
apparatus" by Quandt, a beam of polarised light is direct-
ed across the aqueous humour of the patient’s eye. An
analyser detects the ray leaving the patient’'s eye and
compares the effect which the aqueous humour has on
that beam in relation to a reference beam. An excess or
deficiency of glucose in the aqueous humour produces
a positive or negative change in the output beam which
indicates that the patient is in a condition of hyperglycae-
mia or hypoglycaemia.

[0008] In US 3958560 entitled "Automatic non-inva-
sive glucose sensor" by Wayne Fort March, the patient’s
eye is automatically scanned using a source of radiation
on one side of the cornea. The sensor located on the
other side of the cornea detects the radiation passing
through it. The glucose level in the patient’s blood flow
is a function of the quantity of radiation detected on the
other side of the patient’s cornea. The result is transmit-
ted to a remote receiver which is coupled to a reading
device which provides non-invasive glucose determina-
tions.

[0009] In US 4014321 entitled "Non-invasive glucose
sensor system" also by Wayne Fort March, the patient’s
eye is automatically scanned using a double source of
polarised radiation, each of which transmits a different
wavelength to one side of the patient’s cornea. A sensor
located on the other side of the cornea detects the optical
rotation of the radiation passing through it. The glucose
level in the patient’s blood is a function of the amount of
optical rotation in the radiation detected on the other side
ofthe cornea. Theresultis transmitted to areceiver which
is connected to a reading device providing non-invasive
glucose determinations of a highly specific and reliable
nature.

[0010] InUS 4901728 entitled "Personal glucose mon-
itor" by Donald P. Hutchinson, two polarisation states at
right angles with equal minimum absorption of infrared
light are transmitted through a tissue containing blood
and a precise determination of the change in the intensity
of the signal is obtained from the angle of rotation of those
states. This rotation is a function of the glucose level.
Another two polarisation states at right angles having the
same wavelength of infrared light have to be selected to
maximise absorption in order to compensate for absorp-
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tion in the tissue.

[0011] In US 5028787 entitled "Non-invasive glucose
measurement” by Robert D. Rosenthal, quantitative
analysis equipment in the near infrared can be used for
the non-invasive measurement of glucose in blood
through analysing the zone of the spectrum correspond-
ing to the near infrared, and shows the interactions be-
tween the energy and venous or arterial blood, or trans-
mission through the blood present in part of the body.
[0012] In US 4882492 entitled "Non-invasive meas-
urement of analyte concentrations in blood in the near
infrared" by Kenneth J. Schlager, the apparatus and
method used are based on dispersion correlation spec-
troscopy and applied to the analysis of blood in serum.
The near infrared light is spectrally modified as it passes
through the sample containing the analyte and is divided
into two beams, one of which passes through a negative
correlation filter which blocks out light in the absorption
bands for the analyte being measured, while the other
passes through a neutral filter capable of blocking light
of all wavelengths in the range of interest in the same
way. The difference in the intensity of the light between
the two light paths provides a measurement which is pro-
portional to the analyte concentration.

[0013] In the article by H. Zeller, et al. "Measurement
of glucose in blood by infrared spectroscopy”, p. 129 -
134, (1989), the glucose absorption spectra in blood and
some other blood components are analysed with a view
to identifying the wavelength ranges in which evidence
of blood glucose can be detected. The differences be-
tween the absorption spectra for water alone and water
plus glucose are observed in only one wavelength range,
which is referred to as the "fingerprint region", extending
from 1650 to 800 cm-" .

[0014] Inthearticle by Yitzhak Mendelson etal., "Blood
glucose measurement by multiple attenuation total re-
flection spectroscopy and absorption spectroscopy in the
infrared" (IEEE Transactions on Biomedical Engineering,
17, 1990), it is noted that of the more than 20 absorption
peaks for D-glucose in the 2.5-10 micron range, not all
the peaks are specific to D-glucose. However, the peak
atawavelength of 640 cm-' is prominent and is attributed
to the carbon-oxygen-carbon bonds in the pyran ring of
the D-glucose. It is also commented that because of the
high background absorption due to water in the wave-
length range in the region of the spectrum corresponding
to the infrared, and the relatively low concentration of
glucose in blood, it is important to use a CO, laser be-
cause it produces a powerful beam with the appearance
of narrow peaks, improving detection efficiency at these
very low concentrations. Sensitivity is increased through
the use of attenuated total multiple reflection (ATR) by
passing the laser beam through the sample on various
occasions. Unfortunately the application of this la-
ser/ATR equipment is very expensive.

[0015] Because of their complicated structures biolog-
ical molecules have many similar absorption peaks in the
infrared, which are frequently superimposed. For exam-
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ple the characteristic infrared spectrum of anhydrous D-
glucose (ADG) has more than 20 absorption peaks in the
wavelength range of 2.5-10 microns. It is important to
point out that not all the absorption peaks are specific to
this molecule. The prominent absorption peak around
9.61 microns (1040 cm-1) is however quite specific for
the carbon-oxygen-carbon in glucose, because of its
pyran ring.

Summary of the invention

[0016] All the documents in the prior art nevertheless
suffer from one disadvantage: that is, being in many cas-
es measurements based on spectrophotometric meth-
ods in which the measurement is as a consequence pro-
duced by measuring the light dispersed, reflected or
transmitted through the subject's skin, differences
caused by the different physiological characteristics of
the skin of every individual are not however taken into
account. Thus for example the methods and devices in
the prior art do not take into account the deviations in
glucose measurement which are produced as a conse-
quence of, for example, the individual’s skin being black,
white or of any other colour, or of whether it is hydrated
to a greater or lesser extent, or also has a greater or
lesser pH. All these physiological characteristics have an
effect on glucose measurement, and if they are not taken
into account the measurement will always have an intrin-
sically high degree of inaccuracy.

[0017] As a consequence, a first aspect of the inven-
tion relates to a device for the non-invasive monitoring
of an analyte in a sample or biological medium (1) which
comprises:

- atleast one light emitter (25) which emits light radi-
ation at a plurality of wavelengths selected in the
near infrared (NIR),

- areceptacle for receiving the sample or biological
medium (1) which is being monitored,

-  at least one light receptor (23) positioned in such a
way that it can receive the light radiation originating
from the said light source (25) after passing through
the said sample or biological medium (1) and which
has been attenuated by the same, in which the said
at least one light receptor (23) is capable of gener-
ating at least one output signal which is indicative of
the intensity of the light radiation attenuated by the
sample or biological medium (1), and

- asignal processor connected to the said light recep-
tor (23) which is capable of receiving the at least one
output signal emitted by the same and generating at
least one signal indicative of the concentration of the
analyte in the said sample or biological medium (1),
characterised in that the device also comprises:

- a plurality of sensors (20, 21, 22) for physiological
parameters of the sample or biological medium (1)
which generate values for each of the said parame-
ters which are specific for the sample or biological
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medium (1) which is being monitored,

- a linearisation module which processes the values
generated by the plurality of sensors (20, 21, 22) for
physiological parameters of the sample or biological
medium (1) and which produces a linearisation al-
gorithm from those values, and

- a module for determining an analyte in the sample
or biological medium (1) which on the basis of the at
least one signal indicative of the concentration of an-
alyte in the sample or biological medium (1) gener-
ated by the signal processor and the linearisation
algorithm generated by the linearisation module de-
termines the concentration of analyte in the sample
or biological medium (1) corrected by the linearisa-
tion algorithm.

[0018] In a second aspect the invention relates to a
non-invasive method for measuring an analyte in the
sample or biological medium (1) using near infrared spec-
troscopy (NIR) which comprises the stages of:

- illuminating the sample or biological medium (1) with
light radiation at a plurality of wavelengths selected
in the near infrared (NIR),

- detecting the said light after it has been attenuated
by the sample or biological medium (1),

- generating atleast one output signal indicative of the
intensity of the light radiation attenuated by the sam-
ple or biological medium (1) from the said attenuated
light, and

- generating at least one signal indicative of the con-
centration of the analyte in the sample or biological
medium (1) on the basis of the at least one output
signal indicative of the intensity of the light radiation
attenuated by the sample or biological medium (1),
characterised in that the method further comprises
the stages of:

- measuring a plurality of physiological parameters in
the sample or biological medium (1), generating val-
ues for each of the said physiological parameters
which are specific to the sample or biological medium
(1) which is being monitored,

- generating a linearisation algorithm from the values
of each of the physiological parameters which are
specific to the sample or biological medium (1) which
is being monitored, and which produces a linearisa-
tion algorithm from those values, and

- determining the concentration of the analyte in the
sample or biological medium (1) corrected by the
linearisation algorithm from the at least one signal
indicative of the concentration of the analyte in the
sample or biological medium (1) and the linearisation
algorithm.

[0019] The devices and methods according to the in-
vention are therefore capable of providing a measure-
ment of the analyte in question, preferably glucose, in a
biological medium, preferably in a flesh medium and
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more preferably in a flesh medium containing blood, hav-
ing an accuracy which is very much greater than that of
the devices and methods in the prior art.

Brief description of the drawings

[0020] The characteristics of this invention may be un-
derstood more easily from the following brief descriptions
of the drawings in which:

Figure 1 is an illustration of the electrical part of the
device constructed according to the invention,

Figure 2 shows in sequential form the mathematical
algorithm for calibrating measurements of analyte in
the sample or biological medium in relation to the
physiological characteristics of the skin of individual
persons,

Figure 3 illustrates a practical embodiment of the de-
vice according to the invention, showing the sensors
which analyse the physiological characteristics of an
individual's skin and which produce values used to
calibrate the glucose measurement,

Figure 4 illustrates a possible practical embodiment
of a non-invasive glucose meter according to the in-
vention.

Detailed description of the invention

[0021] As mentioned previously, a first aspect of this
invention relates to a device for the non-invasive meas-
urement of glucose in a sample or biological medium.
This sample or biological medium is preferably a flesh
medium, and more preferably a flesh medium containing
the individual’s blood, such as the finger of a hand. Nev-
ertheless the invention may also be used in non-fleshy
areas or areas through which blood does not flow, such
as interstitial fluid, adipose tissue, lymphatic fluid, etc.
The patient’s biological medium is placed in a receptacle
and the optical detector receives light originating from
the source which is attenuated by the biological medium.
This measurement is corrected by the results of meas-
urements of different physiological parameters of the skin
produced by a series of specific sensors, such as elas-
ticity, hydration, pH, temperature or melanin levels.
These sensors are coupled to the glucose monitoring
equipment which contains a mathematical algorithm
which corrects the light values on the basis of the phys-
iological characteristics of the individual, thus producing
a measurement of glucose in biological media which is
more accurate than in the case of the devices in the
known art.

[0022] The second aspect of the invention relates to a
method for measuring the parameter in a biological sam-
ple using near infrared spectroscopy which comprises
the stages of measuring the said parameter by means
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of spectrophotometric techniques, preferably in the near
infrared, and calibrating the values obtained through a
mathematical algorithm which is capable of correcting
the resulting values according the physiological charac-
teristics of an individual person’s skin.

[0023] With reference to Figure 1, this shows diagram-
matically the electronic part of the non-invasive device
for monitoring glucose in a biological sample through a
biological medium (1) such as the finger of a hand. The
equipment comprises a microprocessor (8) which re-
ceives the parameters for the biological medium (1) in
which measurement will be made through its sensors (2)
and (3). Microprocessor (8) collects the best pulses of
the light radiation and processes them using a coding
algorithm (10) for the purpose. The processed pulse
makes it possible to minimise interference between the
different wavelengths, thus maximising the sensitivity of
glucose detection. This processed pulse is delivered to
a wavelength pulse sequencer (11) which by selectively
activating the pulse controller (12) controls the specific
width, height and frequency of the pulse required for de-
tection. The resulting pulse is delivered to the power ac-
tivators of diodes (13) of the LED type, which emit very
precise quantities of light over known periods of time.
This ray of light emitted by the LEDs passes through the
biological medium (1) and is detected by a series of pho-
todiodes. The small signal detected is amplified by trans-
conductance amplifiers (4). The amplified signal ob-
tained (offset) is adjusted in amplifiers (5) to find the best
acquisition area for detection. Current switch (6) is used
to select the wavelength’s channel to decode and provide
a representative signal of the medium analysed in a de-
termined period of time. The other part of the coding al-
gorithm (10) is the decoding module (7). The algorithm
maximises the signal/noise ratio and shifts the interfer-
ence between the channels. Finally, microprocessor (8)
computes the glucose concentration in the medium
through a matrix (9) using all the information received
from the light and the sensor channels.

[0024] With reference to Figure 2, this illustrates a di-
agram of the mathematical algorithm used to correct the
light values on the basis of the physiological parameters
of an individual patient’s skin produced by the corre-
sponding sensors. Compartment (15) collects all the dig-
ital data obtained from the sensors analysing the skin,
for example values for pH, pigmentation, blood pressure,
oxygen saturation, pulse, skin moisture, fat, etc., among
others. Compartment (18) generates values obtained by
light passing through the skin incorporating a matrix of
values in (16) which reflects the values obtained in com-
partments (15) and (18). Once the matrix has been gen-
erated, a mathematical expression or linearisation algo-
rithm (17) which ultimately leads to the result for the glu-
cose measurement (19) corrected by the physiological
data for the individual’s skin is obtained from this.
[0025] With reference to Figure 3, this illustrates a
practical embodiment of the non-invasive device for
measuring analytes in biological media through spectros-
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copy in the near infrared which is influenced by various
parameters because it requires direct contact with an in-
dividual’s skin. As previously discussed, a number of
physiological factors of the skin such as melanin, elas-
ticity and hydration of the skin, pH, temperature and blood
pressure at the time when the glucose measurement is
made in the sample, etc., have to be taken into account
in order to increase the reliability of the measurement. In
this figure the biological medium, for example a finger of
an individual’s hand, is represented by (1), and in order
to determine the blood pressure a blood pressure meter
or integrated pressure sensor (20) connected to an an-
alogue signal conditioning circuit, a microcontroller and
a group of displays is used to determine blood pressure.
This design makes it possible to read the pressure in the
sleeve and extract pulses to analyse and determine
systolic and diastolic pressures and pulse per minute.
[0026] Body temperature is measured through ther-
mometer (21). The pH value of the epidermis is in turn
measured by pH meter (22). This datum is an important
parameter for evaluating the quality of the hydrolipid layer
of the skin.

[0027] Photodiodes orlightreceptors (23), forexample
of the PD23-02 type, are designed to detect radiation in
the range 800-2300 nm. Preferably heterostructures with
sensitive layers of InGaAsSb and AlGaAsSb windows
are grown on GaSb substrates. These photodiodes are
preferably manufactured in packets of 5.4 mm, have a
photosensitive area having a diameter of 200 mm and
have rapid response for use in the detection of high fre-
quencies modulated by laser or emission LEDs.

[0028] Filters (24) are added preferably in an order
such that the light is not significantly dispersed, and then
again preferably a transparent film (26) is added to sep-
arate the parts of the finger and the apparatus.

[0029] Light emitting diodes (25), for example of the
LED34 type, are designed to emita spectralrange around
3400 nm. Heterostructures (HS) are preferably grown on
InAs substrates. Emitted outputs can be modulated by a
forward flowing current. These diodes have been devel-
oped for use in optical gas sensors and medical diagnos-
tics, have a stable power and a life of 10,000 hours. The
wavelength used is 3.30-3.50 nm.

[0030] An absorption/reflection measurement is used
to determine melanin in the skin. In order to do this light
is emitted at preferably three specific wavelengths, and
a receptor measures the light reflected by the skin. The
positions of the emitter and receptor ensure that only
diffuse and dispersed light is measured. When the quan-
tity of emitted light is defined it is possible to calculate
the quantity of light absorbed by the skin. Melanin is
measured using specific wavelengths selected to corre-
spond to different rates of absorption by pigments. Spe-
cific wavelengths are also used to measure erythema,
and correspond to the maximum level of spectral absorp-
tion of haemoglobin, avoiding influence by other colours.
[0031] All the calibration data are located within the
detector, so that the detector is wholly independent and
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can be connected to different types of sensors. The
measurement is made using a detector comprising a sin-
gle glass ring which contains all the elements of the sen-
sor. The flat design of the head of the detector makes it
possible to carry out direct measurements on the skin.
Measurements are started by pressing a button located
on a side of the detector body and the results appear
immediately, showing, for example, up to two decimals.
The short measurement time prevents occlusion effects
on the skin. Likewise continuous measurements can be
made.

[0032] Other useful accessories for the device accord-
ing to the invention are the suction pump (27), the signal
compartment (28) and the cable (29).

[0033] With reference to Figure 4, this illustrates a
practical embodiment of the non-invasive device accord-
ing to the invention for detecting levels of analytes and
biological samples, such as glucose concentration levels
in diabetic patients. Although this invention arises from
the need to measure glucose concentration levels, it may
also be applied to the detection of other blood compo-
nents. Likewise, although the drawings have been pro-
duced with the aim of measuring glucose concentration
in blood, the requirements discussed in this description
apply directly to other sample options. In particular this
process can in its broadest sense be applied to meas-
urement of the concentration of any selected solute, in-
cluding when all the major absorption peaks are located
within a wavelength range in which this function is strong-
ly absorbed by the solvent and/or other solutes. By
"strongly absorbed" is meant that the absorption coeffi-
cient is greater than 10 cm-.

[0034] The device comprises a non-invasive device
preferably in the form of a ring (30) connected to a min-
iature monitor which also preferably has the shape of a
watch (31), which provides glucose measurements, pref-
erably in real time. This device may optionally be con-
nected to a remote medical centre or consulting doctor.
[0035] The sample is exposed to a light beam which
excites the molecules of the solute into one or more ex-
cited states in which they emit light by the process of
emission stimulated by infrared relaxation. One or more
detectors designed to receive this part of the light emis-
sion produce an output signal which is indicative of the
concentration of the solute selected. The intensity of the
output signal from the detectors is affected by the follow-
ing five factors: (i) fractional absorption of the beam be-
fore it reaches the selected solute, (i) the absorption in-
tensity of the solute selected for this beam, (iii) the emis-
sion intensity of the solute selected, produced per unit of
flow of exposure of the beam to the solute molecules,
(iv) the fraction of the light emission present which reach-
es the detector, and (v) the sensitivity of the detector for
light of the wavelength selected.

[0036] The source of light, the exposure wavelength,
the emitted wavelength, the path of the light through the
solution, the path of the emitted light through the solution
and the detector are selected to maximise the signal-
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noise ratio detected for the concentration of solute. A
range of wavelengths is selected so that the photons
have sufficient energy to excite the molecules of the sol-
ute to higher energy states, where a fall from which will
be reflected by the emission of light at one or more wave-
lengths which are useful for quantifying the concentration
of the solute.

[0037] Ina preferred embodiment of the invention, one
or more detectors for collecting the light emitted from the
solute are located adjacent to the point from which the
light is directed, thus substantially minimising the path of
the emitted light from the exposed sample to the molecule
detector. Preferably an emitted light wavelength is se-
lected such that economic photodetectors for that wave-
length are available on the market.

[0038] The incident beam is focussed on a small area
around the source of that light so that the path through
the solution is short and thus the solid angle generated
by the detector for the light emitted from that region in-
creases. This concentration of the beam may be
achieved through the use of achromatic lenses, but in
order to permit the incorporation of low-cost components
it is preferable to use a source of monochromatic light so
that achromatic aberrations do not significantly affect the
signal/noise ratio of the output signal from the detector.
Suitable sources include laser diodes and light emitting
diodes (in particular light emitting diodes which produce
a high light intensity at low cost). The sources of high
intensity light (of the order of 5 watts/cm?) are useful for
producing a sufficient quantity of light so that its absorp-
tion by the test solute and/or other solutes does not un-
duly degrade the amplitude of the detector signal. Pref-
erably the intensity is at least 50 watts/cm , so that mul-
tiphoton processes can help excite the selected solute
molecules.

[0039] The wavelength of the incident light is prefera-
bly in arange which enables the light to pass through the
walls of the vessels containing the sample under test. In
the case with which we are concerned, the scenario is a
part of the patient’s body and the sample is preferably
one of the latter’s fingers, as a result of which contact
with the system analysing blood chemistry is easy. In this
arrangement the wavelength of the radiation will be in
the approximate range from 0.6 to 1.5 microns, given that
this range of wavelengths is not strongly absorbed by the
patient’s epithelium. In addition to this, the skin is one of
the driest parts of the human body, as a result of which
absorption of the emitted light and exposure will be in-
significant, as it passes through the epithelium. In a pre-
ferred embodiment of the invention, wavelengths select-
ed from a range between 800 and 2500 nm, more pref-
erably in at least one of the following wavelength ranges:
880-940 nm, 1190-1230 nm, 1600-1700 nm, 1730-1780
nm and 2300-2400 nm and more preferably of at least
one of the following approximate wavelengths: 920 nm,
1210 nm, 1688 nm, 1750 nm and 2326 nm are used.
[0040] Because of the high absorption by water and
other components of blood it is an advantage to expose
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a blood sample to an intense light beam, as most of the
molecules in the selected component will pass into an
excited state. By a "very intense beam" we mean a beam
having an intensity of at least 5 watts/cm2. Because of
this high intensity it is an advantage that the molecular
bonds should be relatively strong, so that the molecules
of the components selected which are closest to the point
at which the light beam is directed do not decompose in
significant quantities. It is also preferable that this peak
should not coincide with any absorption peak for other
blood components, so that this incident energy is most
efficient for the desired excitation.

[0041] The light which is emitted by the selected solute
(blood glucose) and stimulates relaxation has peaks
which are substantially similar, but have slightly greater
wavelengths than the peaks in the absorption spectrum
of the solute. In the case of concentration measurements
for D-glucose anhydride (also known as "ADG", "blood
glucose" or "blood sugar") there are five known absorp-
tion bands in this range. These bands are centred on the
wavelengths 1040, 1085, 1109, 1160 and 1365 cm-1. Un-
fortunately the following blood components can produce
significant absorption in the following absorption bands
- proteins at 1085 cm-!, haemoglobin at 1109 cm-!, urea
at 1160 cm' and all CH, groups at 1365 cm-'. Only the
band at 1040 cm! does not coincide with any of these
blood components which are active in the infrared. We
therefore regard the wavelength of 1040 cm- as the most
preferable for measuring the concentration of D-glucose
anhydride (ADG) molecules in blood.

[0042] The absorption band at 1040 cm™' corresponds
to absorption by the C-O-C bond in the pyran ring of glu-
cose in blood. This is fortunate, because this bond is
particularly resistant to optical exposure to radiation in
the visible or shorter wavelengths. The ADG molecule
does not therefore easily break up into parts, even when
strongly exposed to exciting light. This singular property
is attributed to the strength of the C-O-C bond in the pyran
ring in the molecular structure which enables it to be
stretched, twisted or compacted by the exciting light with-
out breaking up the molecule. When a molecule of ADG
is bombarded by strong radiation to raise it from a base
state to an excited state it is much more likely that the
molecule will pass into an excited state through absorb-
ing that radiation, rather than breaking up into parts. This
excited molecule subsequently returns to its base state,
through either elastic or inelastic processes. As a result
of this characteristic the intensity of the light used to
measure blood glucose concentration is greater than that
which would normally be possible, which increases the
sensitivity of this sensor of blood components.

[0043] These excited glucose molecules in blood can
recover their base state through inelastic processes,
such as collisions with other molecules or the walls of a
confining structure. In this inelastic process the excitation
energy is mainly converted into heat energy. These mol-
ecules can also recover their base state through an elas-
tic process, normally known as stimulated emission re-
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laxation, in which an excited molecule emits radiation at
a wavelength which is characteristic for that molecule
and at a wavelength which is slightly greater than that of
the light which excited the molecule. This light change in
wavelength occurs as a result of the conservation of en-
ergy and "moment" limitations in the transition. This in-
cident light has a very narrow bandwidth, as is the case
with laser light, and as a result of this we can concentrate
on low cost optical systems in a very small region (around
50 microns diameter), only within the layer of the dermis
and the upper part of the papillary zone which is closest
to the epidermis. This location has been selected for fo-
cusing the beam because it is a region with a high con-
centration of blood and because it is not far (around 3
microns) from the epithelium. This being the case, the
light produced and the emission relaxation of the excited
glucose molecules only needs to travel a short focal dis-
tance from that region to a detector located in contact
with the epidermis. Preferably the part of the epidermis
through which this light is directed is in the front part of
a finger (that is to say on the side opposite the nail), as
this makes it easy for a diabetic to handle the system.
Diabetics only need to place their fingers in the test ap-
paratus in a place where a light beam can be "injected"
through the epidermis into the papillary layer which is
closest to that part of the epidermis.

[0044] The result of the measurement may be affected
by the force with which a person places their finger in
contact with the test equipment, because this can com-
press the blood at the finger, reducing the quantity of
glucose in blood exposed to the light emission, with an
apparent reduction in the blood glucose concentration.
One or more additional sensors may be included in de-
vices according to the invention to measure the light in-
tensity, not only at 1040 cm-1, to take into account com-
pensation for this change in pressure and the changes
in radiation intensity which result when a person changes
the temperature of the detection equipment. The wave-
length of the light is therefore also selected to excite hae-
moglobin molecules (1109 cm-1), and thus the light emit-
ted by these molecules is of sufficient intensity to com-
pensate for changes in blood concentration.

[0045] Given that the haemoglobin concentration in
patients may vary, a calibration of the measurement is
necessary to determine the patient’s haemoglobin con-
centration for a known glucose level.

[0046] The incident light is collimated with a view to
producing a pulsed output for the light emitted. This
makes it possible to use synchronous detection to elim-
inate the approximately constant background from the
emitted pulses which provide information about the blood
component whose concentration is being measured.
[0047] Acomponentconcentration detector comprises
a transparent plate on which a patient presses part of
their epidermis, such as the front part of an index finger,
in a test. One or more light beams are centered through
this plate on the papillary part a close as possible to the
epidermis to avoid any errors due to background radia-
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tion. A constant temperature of 37°C (normal body tem-
perature) is maintained around this plate and the com-
ponents so that the temperature does not change sub-
stantially when the patient presses his finger on the plate.
As reference, in addition to selecting wavelengths, com-
ponents which are characteristic of blood (e.g. haemo-
globin) may be used to make the necessary corrections
in calibrations to avoid the error produced by changes in
finger pressure and the temperature of the plate as a
result of contact with the finger of the patient’s hand.

[0048] In a preferred embodiment of the invention the
signal/noise ratio resulting from the measurement is
processed using the technology known as orthogonal
time-division multiplexing (OTDM). Some implementa-
tions of this, which may be used in the device and method
according to the invention, are for example described in
documents EP1311095 and EP1746759, where they are
referred to as "GCM/OTDM". In these, by using a variety
of modulations and advanced orthogonalisation tech-
niques it is possible to obtain orthogonal channels from
one SISO communication channel (single input/single
output), providing a number of channels which are com-
pletely orthogonal in time. In this way a new channel
which has MIMO behaviour is obtained. Unlike in OFDM,
the information is distributed through orthogonal chan-
nels in time more than in some specific frequency bands.
Through the optional use of this algorithm an amplifica-
tion of the signal resulting from the measurement is ob-
tained, and this substantially improves the sensitivity and
accuracy of the blood glucose measurement produced
by the device and method according to the invention.

Claims

1. Device for the non-invasive monitoring of an analyte
in a sample or biological medium (1) which compris-
es:

- at least one light emitter (25) which emits light
radiation at a plurality of wavelengths selected
in the near infrared (NIR),

- a receptacle for receiving the sample or bio-
logical medium (1) which is being monitored,

- at least one light receptor (23) positioned in
such a way that it can receive the light radiation
originating from the said light source (25) after
passing through the said sample or biological
medium (1) and which has been attenuated by
the same, in which the said at least one light
receptor (23) is capable of generating at least
one output signal which is indicative of the in-
tensity of the light radiation attenuated by the
sample or biological medium (1), and

- a signal processor connected to the said light
receptor (23) which is capable of receiving the
at least one output signal emitted by the same
and generating at least one signal indicative of
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the concentration of the analyte in the said sam-
ple or biological medium (1),

characterised in that the device also compris-
es:

- a plurality of sensors (20, 21, 22) for physio-
logical parameters of the sample or biological
medium (1) which generate values for each of
the said parameters which are specific for the
sample or biological medium (1) which is being
monitored,

- alinearisation module which processes the val-
ues generated by the plurality of sensors (20,
21, 22) for physiological parameters of the sam-
ple or biological medium (1) and which produces
a linearisation algorithm from those values, and
-amodule for determining an analyte in the sam-
ple or biological medium (1) which on the basis
of the at least one signal indicative of the con-
centration of analyte in the sample or biological
medium (1) generated by the signal processor
and the linearisation algorithm generated by the
linearisation module determines the concentra-
tion of analyte in the sample or biological medi-
um (1) corrected by the linearisation algorithm.

Device according to Claim 1, in which the plurality
of wavelengths emitted by the at least one light emit-
ter (25) is selected in a range of between 800 and
2500 nm.

Device according to Claim 2, in which the plurality
of wavelengths emitted by the at least one light emit-
ter (25) are selected from the group comprising at
least one of the following wavelength ranges:
880-940 nm, 1190-1230 nm, 1600-1700 nm,
1730-1780 nm and 2300-2400 nm.

Device according to any one of above Claims 1-3,
in which the plurality of sensors (20, 21, 22) for phys-
iological parameters in the sample or biological me-
dium (1) which give rise to specific parameters of the
sample or biological medium (1) being monitored are
selected from the group comprising sensors for
blood pressure, temperature, pH, skin pigmentation,
oxygen saturation, pulse, skin humidity and fat con-
tent, alone or in any combination thereof.

Device according to any one of above Claims 1-4,
in which the linearisation module processes the val-
ues generated by the plurality of sensors for physi-
ological parameters in the sample or biological me-
dium (1) in a data matrix (16) which through a math-
ematical expression (17) generates the algorithm for
linearising the signals generated by the signal proc-
essor.

Device according to any one of Claims 1-5, which
also comprises a signal amplification device which



10.

11.

15 EP 2 319 394 A1 16

reduces noise and minimises interference to max-
imise the signal.

Device according to Claim 6, in which the signal am-
plification device comprises electronic equipment
making use of a coder/decoder algorithm to minimise
interference between light beams of different wave-
lengths and to maximise the signal/noise ratio and
detection sensitivity.

Device according to Claim 7, in which the coding/
decoding algorithm is based on orthogonal time di-
vision multiplexing (OTDM).

Device according to Claim 6, in which the amplifica-
tion device comprises electronic equipment which
takes into account the influence of the environmental
parameters of the measurement medium and uses
them to maximise spectroscopic efficiency through
computing light pulses at different wavelengths.

Device according to any one of the preceding claims,
in which the analyte is selected from the group com-
prising glucose, haemoglobin, oxygen, cholesterol,
uric acid and lactic acid.

Non-invasive method for measuring an analyte in a
sample or biological medium (1) using near infrared
spectroscopy (NIR) comprising the stages of:

- illuminating the sample or biological medium
(1) with light radiation at a plurality of wave-
lengths selected in the near infrared (NIR),

- detecting the said light after it has been atten-
uated by the sample or biological medium (1),
- generating at least one output signal indicative
of the intensity of the light radiating attenuated
by the sample or biological medium (1) from the
said attenuated light, and

- generating at least one signal indicative of the
concentration of the analyte in the sample or bi-
ological medium (1) on the basis of the at least
one output signal indicative of the intensity of
the light radiation attenuated by the sample or
biological medium (1),

characterised in that the method further com-
prises the stages of:

- measuring a plurality of physiological param-
eters in the sample or biological medium (1),
generating values for each of the said physio-
logical parameters which are specific to the sam-
ple or biological medium (1) which is being mon-
itored,

- generating a linearisation algorithm from the
values of each of the physiological parameters
which are specific to the sample or biological
medium (1) which is being monitored, and which
produces a linearisation algorithm from those
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12,

13.

14.

15.

values, and

- determining the concentration of the analyte in
the sample or biological medium (1) corrected
by the linearisation algorithm from the at least
one signal indicative of the concentration of the
analyte in the sample or biological medium (1)
and the linearisation algorithm.

Method according to Claim 11 above, in which the
analyte is selected from the group comprising glu-
cose, haemoglobin, oxygen, cholesterol, uric acid
and lactic acid.

Method according to any one of above Claims 11-12,
in which the physiological parameters which are spe-
cific to the sample or biological medium (1) which is
being monitored are selected from the group com-
prising blood pressure, temperature, pH, skin pig-
mentation, oxygen saturation, pulse, skin humidity
and fat content, alone orin any combination thereof.

Method according to any one of above Claims 11-13,
in which the method comprises the additional stage
of applying coding/decoding algorithm to minimise
interference between light beams of different wave-
lengths and to maximise the signal/noise ratio and
detection sensitivity.

Method according to Claim 14 above, in which the
said algorithm is based on orthogonal time division
multiplexing (OTDM).
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