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Description

Field of the invention

[0001] The present invention relates to a personal
hand-held monitor (PHHM) adapted to measure the con-
centration of an analyte in blood.

Background to the invention

[0002] There are many circumstances in which itis de-
sirable to measure the concentration of an analyte in
blood. One of the most important is the measurement of
blood glucose concentration, of crucial importance to the
management of diabetes. It is estimated by Danaei et al.
("National, regional, and global trends in fasting plasma
glucose and diabetes prevalence since 1980: systematic
analysis of health examination surveys and epidemiolog-
ical studies with 370 country-years and 2.7 million par-
ticipants”, Lancet, 2011, 378(9785):31-40) that 370 mil-
lion people inthe world suffer from diabetes and the WHO
predicts that diabetes will be the 7th leading cause of
death in 2030 ("Global status report on non-communica-
ble diseases 2010", WHO 2011). At present, the only
accurate and inexpensive way for diabetics to measure
their blood glucose concentration is by taking a blood
sample, usually by pricking a finger, and placing a drop
of blood on a test strip. A measurement of the change of
colour of the strip or a measurement of a redox reaction
on the strip after application of the blood sample provides
an indication of the blood glucose concentration.

[0003] Inexpensive automated equipment exists to es-
timate the change in colour or the electrochemical reac-
tion but there is no consumer equipment capable of mak-
ing the measurement without taking a blood sample and
many diabetics have to do this several times per day.
[0004] Other analytes such as alcohol, haemoglobin,
creatinine, cholesterol, stimulants or other drugs, includ-
ing illegal or otherwise forbidden substances, are also
important and again there is no accurate, reliable and
inexpensive way of estimating their concentration non-
invasively.

[0005] In principle, absorption spectroscopy would be
a good method for estimating the concentration of an
analyte but this is difficult in vivo if the contribution to the
absorption from the analyte is small compared to the ab-
sorption by other materials in the blood and tissue, es-
pecially if the analyte has few or no narrow absorption
bands in the useable near infra-red (NIR) and/or if those
bands are overlapping with those of water, which is the
predominant component of blood and tissue. For exam-
ple, Klonoff ("Non-invasive blood glucose monitoring”,
Diabetes Care, 20, 3, 435-437 1997) states: "Glucose is
responsible for <0.1% of NIR absorbed by the body. Wa-
ter, fat, skin, muscle and bone account for the vast ma-
jority of NIR absorption. Perturbations in the amounts of
these substances can alter NIR absorption and thus in-
validate the calibration formula for correlating light ab-
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sorption with blood gl ucose concentrations ...".

[0006] Even if this could be overcome, the measure-
ment of the specific absorption would require a precise
spectrometer that is not easily made inexpensively and
reliably.

[0007] US Patent 4,882,492 in 1989 disclosed an in-
vention employing "non-dispersive correlation infra-red
spectroscopy". According to this disclosure, broad spec-
trum NIR light is transmitted through or scattered by a
body part. The emergent light is split into two beams.
One beam passes through afilter consisting of a solution
of the analyte and the other through a neutral density
filter. The analyte filter absorbs from the first beam sub-
stantially all of the light in the spectral absorption bands
of the analyte. The neutral density filter reduces the pow-
er of the second beam to be similar to the power of the
firstbeam. Any difference between the powers of the light
in the two beams arises solely from the amount of light
absorbed by the analyte in the body part.

[0008] The US Patent alleges that spectral specificity
is achieved without the need for a dispersive element (a
spectrometer) but this depends crucially on the balance
between the two beams and the exact characteristics of
the neutral density filter. It also does not distinguish an-
alyte in the blood from analyte in the surface layers of
the tissue. In practice, this is likely to prevent the device
ever being reliable or accurate.

[0009] Fine (Chapter 9 of Handbook of optical sensing
of glucose in biological fluids and tissues, 2009) de-
scribes a technique for estimating glucose concentration
by the change in the optical scattering of aggregated red
blood cells. It uses an analogy with a pulse oximeter and
correlates the scattered signal with the variation of area
of the artery as the heart beats, thus making the signal
preferentially sensitive to the glucose in the arterial blood.
However, Fine concludes that this technique is ineffec-
tive, in part because the change in arterial area is rela-
tively small.

[0010] WO 2013/001265 discloses significant im-
provements on US Patent 4,882,492. Claim 25 of WO
2013/001265 relates a personal hand-held monitor
(PHHM) comprising a signal acquisition device for ac-
quiring signals which can be used to derive a measure-
ment of a parameter related to the health of the user, the
signal acquisition device being integrated with a personal
hand-held computing device (PHHCD), wherein the sig-
nal acquisition device comprises a blood photosensor
having a photo-emitter for transmitting light to a body part
of a user, a photo-detector for detecting light transmitted
through or scattered by the body part and an optical cell,
containing an analyte to be detected, through which light
transmitted through or scattered by the body part passes
before it reaches the photo-detector, wherein the proc-
essor of the PHHM is adapted to process signals ob-
tained from the photo-detector in the presence of the
body part and in the absence of the body part to provide
a measurement of the concentration of the analyte in the
user’s blood. WO 2013/001265 also discloses using the
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principle of two beams, one of which passes through a
cell containing the analyte and compares the power in
each beam.

[0011] Figures 1 and 2 in the attached drawings, which
are identical to Figures 9 and 11 of WO 2013/001265,
show two arrangements of blood photosensors to be
used in the PHHM claimed in claim 25 of WO
2013/001265, which may be incorporated into a PHHCD,
or may be connected to a PHHCD or may be constructed
as astand-alone device with its own user interface, power
supply and other electronic and mechanical components.
[0012] AsshowninFigure 1,aphoto-emitter(81)trans-
mits a beam of light that passes through a filter (82) to
select the spectral band of the light to be used. The spec-
tral band is chosen to allow inexpensive components and
materials to be used whilst maximising the sensitivity and
discrimination with respect to the analyte. The beam is
collimated by a lens (83) to shine through a body part,
such as a finger (84). A beam splitter (85) divides the
beam between a non-analyte cell (86) and analyte cell
(87). Photo-detectors (88) measure the intensity of the
beam after it has passed through each cell. A differential
amplifier may be used to amplify the difference in signals
from the two photo-detectors.

[0013] Figure 2 shows another arrangement in which
the photo-emitter and photo-detector are on the same
side of a body part, the photo-detector being sensitive to
the light scattered back from the body part. A moving
mirror (101) reflects light sequentially to each of two fixed
mirrors (102) and hence to the non-analyte cell (86) or
analyte cell. The photo-detector (108) measures the in-
tensity of the beam that has passed the cells.

[0014] In each of these arrangements, the difference
between the intensity when the beam of light has passed
through the non-analyte cell and through the analyte cell
is a measure of the amount of absorption by the analyte
within the body part.

[0015] The invention disclosed in WO 2013/001265
goes some way towards the goal of a sensor that is non-
invasive, inexpensive, accurate and reliable. However,
itis not specific to the analyte contained in blood because
the signal is also affected by analyte in the surrounding
tissue. Further improvements are also desirable to re-
duce the cost of implementation and to improve accura-

cy.

The Present Invention

[0016] The present invention greatly improves on the
performance of the PHHM of claim 25 of WO
2013/001265. It exploits more effectively a second de-
gree of correlation to improve specificity.

[0017] According to the present invention there is pro-
vided a personal hand-held monitor as defined in claim
1. The processor of the PHHM of the invention is adapted
to determine the pulse of the user and to correlate the
signals obtained from the photosensor with the user’'s
pulse in providing a measurement of the analyte in the
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user’s blood. The processor of the PHHM may be adapt-
ed to analyse the signals received from the blood photo-
sensor to determine the pulse of the user. Alternatively,
the PHHM may include an electrical sensor comprising
at least a first and a second electrode which are electri-
cally isolated from one another and which are arranged
to be contacted by two separate parts of the user’s body,
such as a finger on one hand and a finger on the other
hand, and the processor of the PHHM is adapted to an-
alyse the signals from the electrical sensor to determine
the pulse of the user. Such an electrical sensor is dis-
closed in WO 2013/001265.

[0018] According to a second aspect, there is provided
a personal hand-held monitor (PHHM) comprising a sig-
nal acquisition device for acquiring signals which can be
used to derive a measurement of a parameter related to
the health of the user, wherein the signal acquisition de-
vice comprises a blood photosensor having one or more
photo-emitters for transmitting light to a body part of a
user, one or more photo-detectors for detecting light
transmitted through or scattered by the body part and
two or more optical cells, at least one of which contains
an analyte to be detected or which mimics the absorption
spectrum of the analyte to be detected, through which
the light that has been or will be transmitted through or
scattered by the body part passes before it reaches the
or each photo-detector, wherein the processor of the
PHHM is adapted to process the signals received from
the or each photo-detector to calculate the difference in
intensity of light which has passed through the or each
analyte cell and light which has passed through the or
each non-analyte cell, to determine the pulse of the user
and to correlate the signals obtained from the photosen-
sor in the presence of the body part and in the absence
of the body part with the user’s pulse to provide a meas-
urement of the concentration of the analyte in the user’s
blood.

[0019] In this aspect the processor of the PHHM may
be adapted to analyse the signals from the blood photo-
sensor to determine the pulse or the PHHM may include
an electrical sensor as referred to above.

[0020] Preferably, the PHHM of the second aspect is
self-contained and includes a processor, display and
control, communications and storage means to provide
a measurement of the concentration of the analyte in the
user’s blood. Alternatively, the signal acquisition device
is integrated with a personal hand-held computing device
(PHHCD).

[0021] Preferably, in order further to improve the se-
lectivity for the concentration of the analyte in blood, the
processor of the PHHM is adapted to measure the inten-
sity of a beam of light for use in photoplethysmography
(PPQ) to identify the time at which an artery in the body
part dilates due to systole. The change in absorption at
this point is a consequence solely of the additional
amount of blood in the body part. Figure 5, which illus-
trates this relationship, shows a graph derived from a
mathematical model of the performance of this preferred
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feature. The horizontal axis is the concentration of the
analyte, in this case illustrated as glucose, in the blood
and the vertical axis is the change in difference of signal
between the two cells when the artery is occluded and
when the artery is patent, using a realistic value for the
intensity of light from the photo-emitter and the scattering
within the body part.

[0022] This change in difference of signal is propor-
tional to the total amount of analyte, such as glucose, in
the blood within the field of view of the PHHM. In Figure
5, typical values for arterial size have been assumed. In
order to convert this to a concentration, the PHHM is also
adapted to estimate the volume of that additional blood
from the intensity change of the beam of light.

[0023] Preferably, each photo-emitter of the PHHM is
a thermal emitter consisting of an electrically heated el-
ement, the temperature of which is stabilised by means
of a feedback loop in which the temperature of the ele-
ment is found by measuring the electrical resistance of
the element and the current through the element adjusted
so as to maintain a constant resistance. Preferably, the
processing means of the PHHM, which may be part of a
PHHCD, is adapted to carry out the analysis and control
to implement the feedback loop.

[0024] Thelightfrom the photo-emitter may be focused
by two curved mirrors onto the cells, after each of which
is located a shutter. The processing means is adapted
to operate the shutters to select through which shutter
the light that illuminates the body part has passed, after
which the light is detected by the or each photo-detector.
The or each shutter may be mechanical or electro-optical
devices such as liquid crystals.

[0025] The light from the or each photo-emitter may be
transmitted to the body part by means of fibre-optics so
as to allow the optical and electrical components to be
conveniently remote from the body part. The light pene-
trates the body part, is scattered or transmitted by the
tissue and blood vessels within the body part and may
be then collected by one or more further fibre optic de-
vices.

[0026] It is apparent that the cells and the elements
used to direct the light through them may be located be-
fore or after the light passes through or is scattered by
the body part.

[0027] The cells may comprise areas on a rotating disc
interposed between the or each photo-emitter and the or
each photo-detector. Some areas of the rotating disc will
be coated with analyte or adapted to mimic the absorption
spectrum of the analyte and other areas may be uncoated
or may be coated by a material with a different absorption
spectrum from that of the analyte. In this case, the proc-
essor of the PHHM is adapted to co-ordinate the signals
received from the or each photo-detector with the rota-
tional position of the disc. This allows the PHHM to em-
ploy a single photo-detector and to reduce the complexity
of the optical parts, but at the expense of introducing a
moving part.

[0028] The non-analyte and analyte cells as illustrated
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in Figures 1 and 2 may be replaced by multiple such cells
so as to minimise the errors caused if the light is not
perfectly collimated and takes different paths through or
to and from the body part. Multiple photo-detectors may
be employed or the light through more than one non-
analyte cell may be collected by one photo-detector and
the light through more than one analyte cell be similarly
collected.

[0029] WO 2013/001265 discloses a PHHM which is
adapted to differentiate between signals when the body
partis presentfrom signals when itis not. Italso discloses
away in which the properties of an artery during the pulse
cycle may be exploited. It is well-known that the luminal
area of an artery varies as a function of the pressure
difference between the arterial blood pressure and the
pressure imposed on the artery wall by the surrounding
tissue. This is the principle of the Riva-Rocci sphyg-
momanometer. This is the basis of the disclosure in WO
2013/001265. In addition, the magnitude of the change
of luminal area is greatest when the imposed pressure
is close to or slightly greater than the diastolic blood pres-
sure in the artery.

[0030] The PHHM of the present invention includes a
means for applying pressure to the body part in the region
of an artery, a means for measuring the change in luminal
area with each pulse and a means for adjusting the im-
posed pressure so as to approximate to diastolic blood
pressure and thus maximise the change in luminal area.
The processor of the PHHM is adapted to detect the dif-
ference between the signals from the photosensor when
the artery is patent (i.e. at systole when the artery is ex-
panded because the arterial pressure exceeds the im-
posed pressure) and those when it is occluded (i.e. at
diastole when the artery is collapsed because the arterial
pressure is less than the imposed pressure).

[0031] The signal analysis of the PHHM of this pre-
ferred aspect of the invention is thus coherent with the
user’s pulse.

[0032] According to a third aspect there is provided a
personal hand-held monitor (PHHM) comprising a signal
acquisition device for acquiring signals which can be
used to derive a measurement of a parameter related to
the health of the user, wherein the signal acquisition de-
vice comprises a blood photosensor having one or more
photo-emitters for transmitting light to a body part of a
user, one or more photo-detectors for detecting light
transmitted through or scattered by the body part and
two or more optical cells, at least one of which contains
an analyte to be detected or which mimics the absorption
spectrum of the analyte to be detected, through which
the light that has been or will be transmitted through or
scattered by the body part passes before it reaches the
or each photo-detector, wherein the processor of the
PHHM is adapted to process the signals received from
the or each photo-detector to calculate the difference in
intensity of light which has passed through the or each
analyte cell and light which has passed through the or
each non-analyte cell, to determine the pulse of the user
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and to correlate the signals obtained from the photosen-
sor with the pulse of the user, whereinthe PHHM is adapt-
ed to apply pressure to the body part or to have pressure
applied to it by the body part so that, in use, an artery in
the body part changes from occluded to patent during
each pulse and the processor of the PHHM is adapted
to derive a measurement of the change in the luminal
area of the artery during each pulse and to correlate the
signals received from the blood photosensor with the
pulse and the change in the luminal area of the artery to
provide a measurement of the concentration of the ana-
lyte in the arterial blood.

[0033] The means for applying an external pressure to
the body part and means for detecting the change in lu-
minal area on each pulse may comprise optical sensors
as described in WO 2013/001265.

[0034] Preferably the processing means of the PHHM
is further adapted to provide audible or visual feedback
to the user so that the external pressure may be applied
and maintained by the actions of the user, either by press-
ing the PHHM against the body part or the body part
against the PHHM.

[0035] This preferred feature of the invention has the
benefit of simplifying the way of making measurements
but also ensures that the difference between the signals
thatis measured depends effectively only on the quantity
of analyte in the arterial blood and not on that in the sur-
rounding tissue.

[0036] Preferably, the or each photo-detector is an In-
GaAs photo-detector. These offer improved signal to
noise ratio over the photo-detectors proposed previously.
[0037] The signal obtained from the difference be-
tween the signals obtained from the non-analyte and an-
alyte cells, or from the different windows of the rotating
disc, must be normalised to estimate the concentration
of analyte in the arterial blood. This normalisation may
be non-linear. Preferably, the normalisation takes ac-
count of the amplitude of the signal from each cell, both
with the artery patent and with it occluded, and the am-
plitude of the signal when the body part is absent. Pref-
erably, it further takes account of the amplitude of the
signal indicative of the luminal area to find the concen-
tration of the analyte rather than the total quantity within
the field of view of the sensor. Preferably, the processor
ofthe PHHM is adapted to process signals received from
the photosensor when the or each photo-emitteris turned
off or the light emitted therefrom is completely blocked
to compensate signals received when the light from the
photo-emitter illuminates the body part for ambient light.
[0038] The present invention is described below with
reference to the accompanying drawings by way of ex-
ample only. The invention is not limited to the embodi-
ments shown in the accompanying drawings. The scope
of the invention is defined in the accompanying claims.
[0039] In the accompanying drawings:

Figures 1 and 2 show arrangements for an optical
sensor to be used in a PHHM as disclosed in WO
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2103/001265;

Figure 3 shows an arrangement of an optical sensor
using a rotating disc;

Figure 4 shows an arrangement of an optical sensor
using a thermal emitter; and

Figure 5 shows a graph derived from a mathematical
model of the performance of an embodiment of the
invention.

[0040] In one aspect of the PHHM of the present in-
vention, as shown in Figure 3, a rotating disc (31) is in-
terposed between a thermal emitter (30) and the photo-
detector (33).

[0041] The lightis carried by fibre-optics (32). Alternat-
ing areas of the rotating disc are coated with the analyte
and the others are left clear or coated with a material with
a different absorption spectrum from that of the analyte.
The instantaneous orientation of the rotating disc (31) is
communicated to the processor of the PHHM together
with the signal from the photo-detector. The processor
is adapted to detect the amplitude of the signal from the
photo-detector coherently with the rotation of the disc.
[0042] In another aspect, the non-analyte and analyte
cells as illustrated in Figures 1 and 2 are replaced by
multiple such cells so as to minimise the errors caused
if the light is not perfectly collimated and takes different
paths through the body part. Multiple photosensors may
be employed or the light through more than one non-
analyte cell may be collected by one photosensor and
the light through more than one analyte cell be similarly
collected.

[0043] Inanother aspect, shown in Figure 4, light from
a thermal emitter (41) is focused by two curved mirrors
(42) onto the cells (43 and 44), after each of which is
located a shutter (45). The processing means is adapted
to operate the shutters to select through which shutter
the light that illuminates the body part (46) has passed,
after which the light is detected by the photo-detector
(47). The shutter(s) may be mechanical or electro-optical
devices such as liquid crystals.

Claims

1. A personal hand-held monitor (PHHM) comprising a
signal acquisition device for acquiring signals which
can be used to derive a measurement of a parameter
related to the health of the user, wherein the signal
acquisition device comprises a blood photosensor
having one or more photo-emitters (81) for transmit-
ting light to a body part of a user, one or more photo-
detectors (88; 108) for detecting light transmitted
through or scattered by the body part and two or
more optical cells (86; 87), at least one of which con-
tains an analyte to be detected or which mimics the
absorption spectrum of the analyte to be detected,
through which the light that has been or will be trans-
mitted through or scattered by the body part passes
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before itreaches the or each photo-detector, wherein
the processor of the PHHM is adapted to process
the signals received from the or each photo-detector
to calculate the difference in intensity of light which
has passed through the or each analyte cell and light
which has passed through the or each non-analyte
cell, to determine the pulse of the user and to corre-
late the signals obtained from the photosensor with
the pulse of the user, wherein the PHHM is adapted
to apply pressure to the body part or to have pressure
applied to it by the body part so that, in use, an artery
in the body part changes from occluded to patent
during each pulse and the processor of the PHHM
is adapted to derive a measurement of the change
in the luminal area of the artery during each pulse
and to correlate the signals received from the blood
photosensor with the pulse and the change in the
luminal area of the artery to provide a measurement
of the concentration of the analyte in the arterial
blood.

The PHHM of claim 1, wherein the PHHM is adapted
to be pressed against the body part or to have the
body part pressed against it by a user to vary the
luminal area of the artery.

The PHHM of claim 2, wherein the processor of the
PHHM is adapted to provide visual and/or audible
instructions to the user to vary the pressure applied
to or by the body part so that the change in luminal
area of the artery with each pulse is maximised.

The PHHM of any one of claims 1 to 3, wherein the
or each photo-emitter is a thermal emitter.

The PHHM of claim 4, wherein the temperature of
each photo-emitter is controlled by means of feed-
back that regulates the current through or voltage
across the photo-emitter.

The PHHM of any one of claims 1 to 5, wherein the
light is transmitted to and/or from the body part by
means of fibre-optics.

The PHHM of any one of claims 1 to 6, including
means for attenuating partially or completely the light
emitted by the or each photo-emitter.

The PHHM of any one of claims 1 to 7, wherein the
processor of the PHHM is adapted to normalise the
calculated difference between the signals from the
photosensor by taking account of the measured val-
ue of each of those signals, the signal from the photo-
detector when the photo-emitter is completely atten-
uated, similar signals from the photosensor when
the body part is not present and any signals derived
from the means used to detect the change in luminal
area of the artery.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

The PHHM of any one of claims 1 to 8, wherein the
cells comprise a rotating disc, one or more parts of
which are coated with or carry in solution the analyte
or which mimic the absorption spectrum of the ana-
lyte and the other parts of which do not.

The PHHM of any one of claims 1 to 9, wherein one
or more shutters are used to select the path of the
light through the blood photosensor.

The PHHM of claim 10 wherein the optical shutters
are electro-optical devices.

The PHHM of any one of claims 1 to 11, wherein the
or each photo-detector is formed of InGaAs.

The PHHM of any one of claims 1 to 12, wherein the
analyte is glucose, ethanol, haemoglobin, creatinine
or cholesterol.

The PHHM of any one of claims 1 to 12, wherein the
analyte is an illegal or otherwise forbidden drug or
stimulant.

The PHHM of any one of claims 1 to 14, wherein the
optical system is integrated.

The PHHM of any one of claims 1 to 15, which in-
cludes an electrical sensor comprising at least a first
and a second electrode which are electrically isolat-
ed from one another and which are arranged to be
contacted by two separate parts of the user’s body,
such as a finger on one hand and a finger on the
other hand, and the processor of the PHHM is adapt-
ed to analyse the signals from the electrical sensor
to determine the pulse of the user.

The PHHM of any one of claims 1 to 16, which is
self-contained and includes a processor, display and
control, communications and storage means to pro-
vide a measurement of the concentration of the an-
alyte in the user’s blood.

The PHHM of any one of claims 1 to 17, wherein the
signal acquisition device is integrated with a personal
hand-held computing device (PHHCD).

Patentanspriiche

1.

Ein personlicher Handmonitor, umfassend eine Si-
gnalerfassungseinrichtung zum Erfassen von Sig-
nalen, die verwendet werden kdnnen, um eine Mes-
sung eines auf die Gesundheit des Anwenders be-
zogenen Parameters abzuleiten, wobei die Signa-
lerfassungseinrichtung aufweist:

einen Fotosensor fir Blut, der einen oder meh-
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rere Fotoemitter (81) zur Ubertragung von Licht
auf einen Korperteil eines Anwenders aufweist,
einen oder mehrere Fotodetektoren (88, 108),
um Licht zu detektieren, das durch den Korper-
teil geleitet oder von dem Korperteil gestreut
wurde, und

zwei oder mehr optische Zellen (86, 87), wobei
mindestens eine davon einen zu detektierenden
Analyten enthalt oder die das Absorptionsspek-
trum des zu detektierenden Analyten nachahmt,
durch die das Licht verlauft, das durch den Kor-
perteil geleitet oder von diesem gestreut wurde
oder werden wird, bevor es den oder jeden Fo-
todetektor erreicht, wobei der Prozessor des
personlichen Handmonitors angepasst ist, um
die von dem oder von jedem Fotodetektor er-
haltenen Signale zu verarbeiten, zur Berech-
nung der Differenz in der Intensitat des Lichts,
das die oder jede Analyt-Zelle durchlaufen hat
und des Lichts, das die oder jede Nicht-Analyt-
Zelle durchlaufen hat, um den Puls des Anwen-
ders zu bestimmen und die von dem Fotosensor
erhaltenen Signale mit dem Puls des Anwen-
ders zu korrelieren,

wobei der personliche Handmonitor angepasst ist,
Druck auf den Koérperteil auszuliben oder Druck auf
diesen durch den Korperteil ausiiben zu lassen, so
dass im Gebrauch, eine Arterie in dem Korperteil
aus dem geschlossenen Zustand in den offenen Zu-
stand wahrend jedes Pulses wechselt und der Pro-
zessor des personlichen Handmonitors angepasst
ist, eine Messung der Veranderung der luminalen
Querschnittsflache der Arterie wahrend jedes Pul-
ses abzuleiten und die von dem Fotosensor flr Blut
empfangenen Signale mit dem Puls und der Veran-
derung der luminalen Querschnittsflache der Arterie
zu korrelieren, um eine Messung der Konzentration
des Analyten in dem arteriellen Blut zu liefern.

Der personliche Handmonitor gemafl Anspruch 1,
wobei der personliche Handmonitor angepasst ist,
gegen den Korperteil gedriickt werden, oder den
Korperteil von dem Anwender an diesen drlicken zu
lassen, um die luminale Querschnittsflache der Ar-
terie zu verandern.

Der personliche Handmonitor gemafl Anspruch 2,
wobei der Prozessor des persénlichen Handmoni-
tors angepasstist, dem Anwender optische und/oder
akustische Anweisungen bereitzustellen, um den
aufden oder durch den Kérperteil ausgetibten Druck
zu verandern, so dass die Anderung der luminalen
Querschnittsflache der Arterie mit jedem Puls maxi-
miert wird.

Der persdnliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 3, wobei der oder jeder Fotoe-
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10.

1.

12.

13.

14.

mitter ein thermischer Strahler ist.

Der personliche Handmonitor gemaR Anspruch 4,
wobei die Temperatur eines jeden Fotoemitters
durch Rickkopplung gesteuert wird, die den Strom
durch oder die Spannung tber dem Fotoemitter re-
guliert.

Der personliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 5, wobei das Licht mittels Fa-
seroptik zu und/oder von dem Kérperteil Ubertragen
wird.

Der personliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 6, umfassend Mittel zur teilwei-
sen oder vollstdndigen Ddmpfung des von dem oder
jedem Fotoemitter emittierten Lichts.

Der personliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 7, wobei der Prozessor des per-
sonlichen Handmonitors angepasst ist, um die be-
rechnete Differenz zwischen den von dem Fotosen-
sor emfangenen Signalen zu normalisieren durch
Berlcksichtigung des gemessenen Wertes von je-
dem solcher Signale, von den Signalen des Fotode-
tektors, wenn der Fotoemitter vollstandig gedampft
wird, von dhnlichen Signalen des Fotosensors, wenn
der Korperteil nicht gegenwartig ist, und von allen
Signalen, die von den Mitteln abgeleitet werden, die
verwendet werden, um die /—\nderung der luminalen
Querschnittsflache der Arterie zu erfassen.

Der persdnliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 8, wobei die Zellen eine rotie-
rende Scheibe aufweisen, wobei ein oder mehrere
Teile davon mit dem Analyten beschichtet sind oder
eine Losung des Analyten tragen, oder die das Ab-
sorptionsspektrum des Analyten imitieren, und die
anderen Teile der Scheibe dies nicht tun.

Der personliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 9, wobei eine oder mehrere Ver-
schlisse verwendetwerden, um den Weg des Lichts
durch den Fotosensor fir Blut auszuwahlen.

Der personliche Handmonitor gemafR Anspruch 10,
wobei die optischen Verschliisse elektrooptische
Vorrichtungen sind.

Der persdnliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 11, wobei der oder jeder Foto-
detektor aus InGaAs gebildet wird.

Der personliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 12, wobei der Analyt Glucose,

Ethanol, Hdmoglobin, Kreatinin oder Cholesterin ist.

Der personliche Handmonitor gemaf irgendeinem
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der Anspriiche 1 bis12, wobeider Analyt ein illegales
oder anderweitig verbotenes Arzneimittel oder Sti-
mulans ist.

Der personliche Handmonitor gemaf irgendeinem
der Anspriiche 1 bis 14, wobei das optische System
integriert ist.

Der personliche Handmonitor gemag irgendeinem
der Anspriiche 1 bis 15, welcher einen elektrischen
Sensor beinhaltet, umfassend mindestens eine ers-
te und eine zweite Elektrode, die elektrisch vonein-
ander isoliert sind und die arrangiert werden, um mit
zwei getrennten Teilen des Korpers des Anwenders
in Kontakt zu treten, beispielsweise einem Finger
dereinen Hand und einem Finger der anderen Hand,
und der Prozessor des persénlichen Handmonitors
angepasst ist, um die Signale von dem elektrischen
Sensor zu analysieren, um den Puls des Anwenders
zu bestimmen.

Der personliche Handmonitor gemag irgendeinem
der Anspriiche 1 bis 16, der in sich geschlossen ist
und einen Prozessor, Anzeige und Steuerung, Kom-
munikations- und Speichermittel aufweist, um eine
Messung der Konzentration des Analyten in dem
Blut des Anwenders bereitzustellen.

Der personliche Handmonitor gemag irgendeinem
der Anspriiche 1 bis 17, wobei die Signalerfassungs-
einrichtung mit einem persoénlichen Hand-Comput-
ergerat integriert ist.

Revendications

Moniteur portatif personnel (PHHM) comprenant un
dispositif d’acquisition de signaux pour acquérir des
signaux qui peuvent étre utilisés pour dériver une
mesure d’'un parameétre lié a la santé de I'utilisateur,
le dispositif d’acquisition de signaux comprenant un
photocapteur sanguin ayant un ou plusieurs photoé-
metteurs (81) pour transmettre de la lumiére a une
partie corporelle d’un utilisateur, un ou plusieurs pho-
todétecteurs (88 ; 108) pour détecter la lumiére
transmise a travers ou diffusée par la partie corpo-
relle et deux ou plusieurs cellules optiques (86 ; 87),
dont au moins une contient un analyte a détecter ou
qui imite le spectre d’absorption de I'analyte a dé-
tecter, a travers lesquelles la lumiére qui a été ou
sera transmise a travers ou diffusée par la partie
corporelle passe avant d’atteindre le ou chaque pho-
todétecteur, dans lequel le processeur du PHHM est
adapté pour traiter des signaux regus en provenance
du ou de chaque photodétecteur pour calculer la dif-
férence d’intensité de la lumiére qui a traversé la ou
chaque cellule d’analyte et la lumiére qui a traversé
la ou chaque cellule non analyte, pour déterminer
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les battements de coeur de l'utilisateur et pour cor-
réler les signaux obtenus a partir du photocapteur
avec les battements de coeur de I'utilisateur, dans
lequel le PHHM est adapté pour appliquer une pres-
sion a la partie corporelle ou pour se voir appliquer
une pression par la partie corporelle de sorte que,
en utilisation, une artére dans la partie corporelle
passe de I'état occlus a I'état persistant pendant cha-
que battement de coeur et le processeur du PHHM
est adapté pour dériver une mesure du changement
de la zone luminale de l'artére pendant chaque bat-
tement de coeur et pour corréler les signaux regus
en provenance du photocapteur sanguin avec les
battements de coeur et le changement de la zone
luminale de l'artére pour fournir une mesure de la
concentration de I'analyte dans le sang artériel.

PHHM selon la revendication 1, dans lequel le
PHHM est adapté pour étre appuyé contre la partie
corporelle ou pour avoir la partie corporelle appuyée
contre lui par un utilisateur pour faire varier la zone
luminale de I'artére.

PHHM selon la revendication 2, dans lequel le pro-
cesseur du PHHM est adapté pour fournir des ins-
tructions visuelles et/ou sonores a I'utilisateur pour
faire varier la pression appliquée a ou par la partie
corporelle de sorte que le changement de zone lu-
minale de 'artére avec chaque battement de coeur
soit maximisé.

PHHM selon I'une quelconque des revendications 1
a 3, dans lequel le ou chaque photoémetteur est un
émetteur thermique.

PHHM selon la revendication 4, dans lequel la tem-
pérature de chaque photoémetteur est réglée au
moyen d’une rétroaction qui régule le courant a tra-
vers ou la tension aux bornes du photoémetteur.

PHHM selon I'une quelconque des revendications 1
a 5, dans lequel la lumiére est transmise a et/ou en
provenance de la partie corporelle au moyen de fi-
bres optiques.

PHHM selon I'une quelconque des revendications 1
a 6, comportant un moyen d’atténuation partielle ou
totale de la lumiére émise par le ou chaque photoé-
metteur.

PHHM selon I'une quelconque des revendications 1
a7, dans lequel le processeur du PHHM est adapté
pour normaliser la différence calculée entre les si-
gnaux provenant du photocapteur en prenant en
compte la valeur mesurée de chacun de ces signaux,
le signal provenant du photodétecteur lorsque le
photoémetteur est totalement atténué, des signaux
similaires provenant du photocapteur lorsque la par-



10.

1.

12.

13.

14.

15.

16.

17.

18.

15 EP 2 922 468 B1

tie corporelle n’est pas présente et tout signal dérivé
du moyen utilisé pour détecter le changement de
zone luminale de l'artére.

PHHM selon 'une quelconque des revendications 1
a 8, dans lequel les cellules comprennent un disque
rotatif, dont une ou plusieurs parties sont revétues
de ou portent en solution I'analyte ou qui imitent le
spectre d’absorption de I'analyte et pas les autres
parties.

PHHM selon 'une quelconque des revendications 1
a 9, dans lequel un ou plusieurs volets sont utilisés
pour sélectionner le trajet de la lumiére a travers le
photocapteur sanguin.

PHHM selon larevendication 10, dans lequel les vo-
lets optiques sont des dispositifs électro-optiques.

PHHM selon 'une quelconque des revendications 1
a 11, dans lequel le ou chaque photodétecteur est
composé d’'InGaAs.

PHHM selon 'une quelconque des revendications 1
a 12, dans lequel I'analyte est le glucose, I'éthanol,
I’'hémoglobine, la créatinine ou le cholestérol.

PHHM selon 'une quelconque des revendications 1
a 12, dans lequel I'analyte est une drogue ou un sti-
mulant illicite ou sinon interdit.

PHHM selon 'une quelconque des revendications 1
a 14, dans lequel le systéme optique est intégré.

PHHM selon 'une quelconque des revendications 1
a 15, quicomporte un capteur électrique comprenant
aumoins une premiére et une seconde électrode qui
sont isolées électriquement I'une de l'autre et qui
sont agencées pour étre mises en contact par deux
parties séparées du corps de l'utilisateur, tel qu'un
doigt d’'une main et un doigt de I'autre main, et le
processeur du PHHM est adapté pour analyser les
signaux provenant du capteur électrique pour déter-
miner les battements de coeur de I'utilisateur.

PHHM selon 'une quelconque des revendications 1
a 16, qui est autonome et comporte un processeur,
un afficheur et une commande, un moyen de com-
munication et de stockage pour fournir une mesure
de la concentration de I'analyte dans le sang de I'uti-
lisateur.

PHHM selon 'une quelconque des revendications 1
a 17, dans lequel le dispositif d’acquisition de si-
gnaux estintégré a un dispositif informatique portatif
personnel (PHHCD).

10

15

20

25

30

35

40

45

50

55

16



EP 2 922 468 B1

Figure 1

10



Figure 3

41

Figure 4



Integrated diff between sys_glu_compartment and sys_blank

EP 2 922 468 B1

o
W
o

!

0.25

0.20

0.15

0.10

0.05

0. %9000

0.002

0.004

0.006 0.008 0.010
[glucose]

Figure 5

12

0.012

0.014

0.016



EP 2 922 468 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be

excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

. US 4882492 A [0007] [0010]
« WO 2013001265 A [0010] [0011] [0015] [0016]
[0017] [0029] [0033]

Non-patent literature cited in the description

* DANAEI et al. National, regional, and global trends
in fasting plasma glucose and diabetes prevalence
since 1980: systematic analysis of health examina-
tion surveys and epidemiological studies with 370
country-years and 2.7 million participants. Lancet,
2011, vol. 378 (9785), 31-40 [0002]

13

WO 2103001265 A [0039]

Global status report on non-communicable diseases
2010. WHO, 2011 [0002]

KLONOFF. Non-invasive blood glucose monitoring.
Diabetes Care, 1997, vol. 20 (3), 435-437 [0005]
Handbook of optical sensing of glucose in biological
fluids and tissues. 2009 [0009]



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RBA

L 5E4X

H 20T S0k
ShEREELE

BEG®F)

REARET —HPAFHEMEE (PHHM ) , SERATRIESHE
ZESTRATSHERAFREEXNSENNE , EFE
SREEBLFEEEMB AR MEE RS, AT ERIA
FEASUN—IRSIRRHE , ATRNEDL S EIHB5HE 54
DEHFHNEON —APREINHARNBARFANRES I FE T, HFHE
D—NEEF AU NBEL D MR KE | BIZSTHE
KN EEL FHEBoEERHSHHREEERRNEZEY , HF
PHHMEI AL 22 B3 4 I AL B MR BRI E S B M AR NBFITHEE BT X
PHNARREN P ARN K EESES ZFESTMARRENF
AMAROANBEER , UAERAFWEEHENPRENESH
KBk, EEFEAERKENXERE , HRPHHMET B B &5 M E
HREBSFAEIBAEMESD , EBEERAT , HFABLFHHRES
AMNEOFHIRMAZEZ R EF, HEPHHMBIRESSE T EESN O EE

SHRBEE ,

Fo el Mg o 47
EP2922468B1 K (2E)R
EP2014708642 iR

LEMAN MICRO DEVICES
LEMAN MICRO DEVICES SA

LEMAN MICRO DEVICES SA

ELLIOTT CHRISTOPHER
JONES MARK ERIC
VARSHNEY ARUSHI
RUEGG MATTHIEU

ELLIOTT, CHRISTOPHER
JONES, MARK-ERIC
VARSHNEY, ARUSHI
RUEGG, MATTHIEU

A61B5/1455 A61B5/00 A61B5/022

patsnap

2016-06-08

2014-02-10

A61B5/14532 A61B5/14557 A61B5/02233 A61B5/0261 A61B5/14546 A61B5/0205 A61B5/02427
A61B5/0245 A61B5/1455 A61B5/489 A61B5/6897 A61B5/6898 A61B5/7405 A61B5/742 A61B2560

/0425 A61B2562/0238

2013002548 2013-02-13 GB
2013016914 2013-09-23 GB
2013016915 2013-09-23 GB

EP2922468A1

Espacenet

SHBEERBCANEE |, FHFMMRKAEBRBRZERBES ShF
F3h BRAEE R B9 1L A8 R Bk BARR 4 B 3 Bk o 20 AT WD YR EE MR



https://share-analytics.zhihuiya.com/view/f4bd64d6-c731-46cb-be41-202861d7548e
https://worldwide.espacenet.com/patent/search/family/050236226/publication/EP2922468B1?q=EP2922468B1

