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(54) Title: BLOOD OXIMETER

(57) Abstract: The invention
relates to a blood oximeter for
measuring the oxygenation and

at least one other parameter of
flowing blood in living tissue.

According to the invention, the
blood oximeter comprises two
lightsources (2, 3) emitting light of

different wavelengths into tissue,

and preferably a light detector (4)
for detecting a transmitted and/or
reflected part of the light emitted into
the tissue, wherein at least one of the

light sources is a laser with a laser

cavity emitting a laser beam, the
laser being adapted to allow a part
of the laser beam which is scattered

by the tissue to re-enter into the laser

cavity, and wherein a laser beam
sensor (7, 8) for measuring the light
emitted from the laser is provided,

the laser beam sensor (7, 8), thus,
obtaining a signal which varies in
accordance with the self-mixing

FIG. 1

interferometric effect between the
original laser beam and the scattered
laser beam. Accordingly, such a
blood oximeter is provided that
performs wellat low perfusion and
which further allows for reliable
measurements
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BLOOD OXIMETER

FIELD OF THE INVENTION

The invention relates to the field of blood oximeters and the measurement
of oxygenation of blood flowing in living tissue.
BACKGROUND OF THE INVENTION

Blood oximeters, especially pulse oximeters are widely used for
measuring oxygenation of blood of a patient since they provide a simple non-invasive
method for monitoring the percentage of hemoglobin which is saturated with oxygen.
Continuous monitoring of oxygen saturation via pulse oximetry is a standard of care for
use in operating rooms, post anesthesia care units, critical care units, emergency
departments etc.

A pulse oximeter typically comprises two small light-emitting diodes that
emit light of different wavelenghts, typically in the red and the infrared part of the
spectrum, respectively. The part of the emitted light transmitted through or reflected by
tissue of a part of the patient’s body, typically a fingertip or an ear lobe, is collected with
a photodiode. Since absorption of these different wavelengths differs between
oxyhemoglobin and its deoxygenated form, from the ratio of the collected red and
infrared light, respectively, the percentage of hemoglobin which is saturated with oxygen
can be determined. Such a pulse oximeter is known from US 5,595,176.

It is an essential feature of conventional pulse oximeters that they rely on
the pulsed part of the collected signal in order to discriminate the pulsating blood flow
from the static tissue. Accordingly, pulse oximetry performs pure at low blood perfusion.
Further, involuntary patient movements can be cumbersome for such measurements

leading to poor measuring accuracy or defective measurement results.
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SUMMARY OF THE INVENTION

It is an object of the invention to provide such a blood oximeter that
performs well at low perfusion and which further allows for reliable measurements.

This object is achieved by a blood oximeter for measuring the
oxygenation and at least one other parameter of flowing blood in living tissue,
comprising

two light sources emitting light of different wavelengths into the tissue,
wherein

at least one of the light sources is a laser with a laser cavity emitting a
laser beam, the laser being adapted to allow a part of the laser beam which is scattered
by the tissue to re-enter into the laser cavity, and wherein

a laser beam sensor for measuring the light emitted from the laser is
provided, the laser beam sensor, thus, obtaining a signal which varies in accordance with
the self-mixing interferometric effect between the original laser beam and the scattered
laser beam.

Accordingly, it is an important feature of the invention that at least one
light detector of the blood oximeter is designed as a laser which is adapted for self-
mixing interferometry (SMI). This means that light emitted from the laser and scattered
by the tissue is allowed to re-enter into the laser cavity. The interference between the
light reflected back into the laser cavity and the light already present in the laser cavity
causes power fluctuations in the laser. These power fluctuations are measurable with the
laser beam sensor since the light that re-enters the laser cavity is reflected back from
moving objects like moving blood cells, and, thus, its frequency is Doppler shifted. As a
consequence, the power fluctuations in the laser cavity are determined by the Doppler
frequency. Accordingly, the velocity of moving blood cells can be measured with the use
of the known Doppler formula that connects the frequency shift and the velocity. Thus,
the invention provides for the possibility of blood oximetry and laser velocimetry in one
single device having multiple advantages as set out in the following.

In general, the laser beam can be directly irradiated onto the tissue
without any further optical components. However, according to a preferred embodiment

of the invention, a lens is provided for illuminating the laser beam into the tissue through
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this lens. For this lens, different focal lengths can be used. However, according to a
further preferred embodiment of the invention, the focal length of the lens for
illuminating the laser beam into the tissue is equal or less than 2 mm. This way, the
reflected part of the light is collected and, thus, more light can re-enter into the laser
cavity. Accordingly, the signal from the laser beam sensor shows a better S/N-ratio.

Generally, in operation of the blood oximeter, the illuminated tissue can
be held at a distance from the laser and/or from the lens. This means that an air gap
would be provided between the laser source and the tissue. However, according to a
preferred embodiment of the invention, the lens is adapted to directly contact the
illuminated tissue. This has the advantage that movements of the tissue relative to the
laser can be avoided or at least minimized. Accordingly, Doppler shift effects due to
tissue movement can be reduced.

The blood oximeter can be operated continuously. However, according to
a preferred embodiment of the invention, a pulse controller is provided that allows for a
pulsed operation of the laser. Especially, this pulse controller can be adapted for
operating the laser during a measuring time of 20 ms or less at an operation frequency of
approximately 1 Hz. This allows for an operation in a low power regime which is
advantageous with respect to the kind of power supply used, especially in the case of the
blood oximeter as a portable device.

In general, the blood oximeter does not have to comprise any further
facilities. However, according to a preferred embodiment of the invention, a force
actuator is provided for pressing the laser against the illuminated tissue with a predefined
pressure. This provides for the possibility of additionally measuring the blood pressure as
set out in more detail further below.

Generally, the pressure of the force actuator can be a predefined constant
pressure. However, according to a preferred embodiment of the invention, a pressure
controller is provided for applying a predefined pressure which changes in time. This
allows for accurate blood pressure measurements.

Further, according to a preferred embodiment of the invention, a light
detector for detecting a transmitted and/or reflected part of the light emitted into the

tissue is provided. This light detector allows for conventional pulse oximetry.
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According to a further preferred embodiment of the invention, a motion
detector is provided for detecting a motion of the irradiated tissue on the basis of the
signal of the laser beam sensor and the signal of the light detector. Further, according to
a preferred embodiment of the invention, a motion processing unit is provided for
rejecting a measurement due to detected motions of the tissue or for correcting a
measurement based on detected motions of the tissue. This means that according to this
preferred embodiment of the invention it is made use of the two different signals
received by the light detector and the laser beam sensor, respectively, in order to
climinate or at least detect artifacts which originate from relative movements of the
irradiated tissue relative to the laser and not from the blood flow itself. If too much
movement of the tissue relative to the laser is detected the measurement is rejected and it
can be indicated that the measurement has to be repeated. Further, it is also possible to
correct such a measurement which means that reliable results are obtained though the
tissue is moved relative to the laser.

As set out above, it might be sufficient if only one of the light sources of
the blood oximeter is designed as a laser. However, according to a preferred
embodiment of the invention, both light sources are designed as a laser with a
corresponding laser beam sensor, respectively. This provides for further possibilities as
described in the following.

In general, the blood oximeter is adapted to provide a SpO2 value based
on the ratio of the intensities of the light received by the light detector and transmitted
and/or reflected from the first light source and the second light source, respectively.
However, according to a preferred embodiment of the invention, a SO2 unit is provided
for determining and indicating a SO2 value based on the signals of both of the laser beam
sensors. This means that according to this preferred embodiment of the invention, there
is not only the possibility to measure and indicate the oxygenation of blood under normal
circumstances with sufficient perfusion but also at low perfusion when pulsation of the
blood flow due to the heart beat is minimal. Further, this preferred embodiment of the
invention also allows for a quick start of the oximeter because the SO2 measurement can
be done in the first measurement cycle which can be as short as 20 ms or less.

BRIEF DESCRIPTION OF THE DRAWINGS
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These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

In the drawings:

Fig. 1 is a schematic view of a blood oximeter according to a
first preferred embodiment of the invention;

Fig. 2a is a graph of the Doppler shift spectrum for the infrared
laser at two moments in time, 1. ¢. during pulsation of the artery and for
non-pulsating artery;

Fig. 2b a graph of the pulsating part of the spectrum with its changes in
time;

Fig. 3 spectra taken with the pulse oximetry photodiode and
taken with the monitoring photodiode of the red laser are shown;

Fig. 4 is a schematic view of a blood oximeter according to a
second preferred embodiment of the invention;

Fig. 5 shows the variation of the monitoring photodiode

spectrum with the cardiac cycle;

Fig. 6a shows the measured heart beat when a fingertip is pressed
hard;
Fig. 6b shows the measured heart beat when the fingertip is

pressed softly; and

Fig. 7 shows diastolic and systolic transitions, respectively.

DETAILED DESCRIPTION OF EMBODIMENTS

From Figure 1 a schematic view of a blood oximeter according to a first
preferred embodiment of the invention can be seen. This blood oximeter is used on a
fingertip 1 of a patient and comprises a red laser 2 emitting light in the red part of the
light spectrum, an infrared laser 3 emitting light in the infrared part of the light spectrum,

and a pulse oximetry photodiode 4. The red laser 2 and the infrared laser 3 are each
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provided with a lens 5, 6 and with a monitoring photodiode 7, 8, respectively. Both
lenses 5, 6 have a focal length of 1.5 mm and are provided between the fingertip 1, and
the red laser 2 and the infrared laser 3, respectively. Since the fingertip 1 directly
contacts the lenses 5, 6, relative movement of the fingertip 1 with respect to the lasers 2,
3 is minimized. Further, monitoring photodiodes 7, 8 for the red laser 2 and the infrared
laser 3, respectively, are provided for measuring the light emitted from each laser 2, 3.

The blood oximeter according to the first preferred embodiment shown in
Figure 1 is operated as follows: Since the red laser 2 operates at a wavelength of 660
mm and the infrared laser 3 operates at a wavelength of 950 mm, the signals received by
the pulse oximetry photodiode 4 can be used in a conventional and well known way in
order to determine the oxygenation of blood by pulse oximetry. Further, since the red
laser 2 and the infrared laser 3 both are adapted to allow a part of the laser beam which
is respectively emitted by these lasers 2, 3, to re-enter into the respective laser cavity,
self-mixing interferometric effects are achieved in the lasers 2, 3. This means that due to
the part of the laser beam that re-enters into the cavity of the respective laser 2, 3, power
fluctuations of the lasers 2, 3 occur. These power fluctuations are observed with the help
of monitoring photodiodes 7, 8 which measure the light emitted from the respective laser
2,3.

As already stated above, power fluctuations of the lasers 2, 3 are due to
the fact that the part of the laser beam that re-enters a respective laser 2, 3 is Doppler
shifted because of the moving red blood cells from which the light is reflected. The
Doppler shift is related to the velocity of the red blood cells according to the Doppler

formula:

2v
A =— (1)
4 A

Therein, Af is the Doppler shift, v is the velocity of the red blood cells
and A is the irradiated wavelength.

From Figure 2a the Doppler shift spectrum for the infrared laser 3 can be
seen at two moments in time, 1. e. during pulsation of the artery and for non-pulsating

artery. This means that the Doppler shift spectrum consists of two parts: A pulsating part
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(p) and a non-pulsating part (np). The pulsating part is related to the part of the blood
moving in the artery. Here, the amount of blood that flows changes with the pulse as
well as the distribution of velocities. As it is known, the velocity of blood in veins is
constant and does not “feel” the pulse. The veins, thus, reflect in the non-pulsating part
of the spectrum. From Figure 2b, the pulsating part of the spectrum is shown with its
changes in time. This reflects the heart beat.

According to the first preferred embodiment described here, this Doppler
shift information is combined with a conventional blood oximeter. The amount of laser
light scattered by a single red blood cell does not significantly depend on the
concentration of oxygen. However, the amount of light absorbed is strongly dependent
on the oxygen concentration. This is the principle of conventional pulse oximetry: The
more oxygen is in the artery the more infrared light is absorbed and the less red light is
absorbed.

The Doppler spectrum can be analyzed in a manner similar to the usual
pulse oximetry. For example, the energy of the spectrum in the pulsating area for the red

laser 2 can be considered:
Sred (O‘)l 5 0‘)2 s t) (2)

This value changes in time according to the pulse of the patient. Thus, a
part of this value represents light scattered by the blood flowing in the artery which can
be better investigated taking into account the corresponding frequency range which can

then be related to velocities:
_ const artery
Sred ((Dl’(DZ’t) - Myed ((DI’O)2 )+ Sred ((Dl’(DZ’t) (3)

If only single scattering events are considered it can be assumed to some
extend that the component that is reflected by the artery is proportional to the number of
red cells which are responsible for scattering, and, thus, proportional to the amount of

blood pulsating in the artery B(t):
Sfezery(wv(’)zat)z B(1) f,.q (wlawzacAaCV) )

The second term f.q 18 constant in time and depends on the oxygen

concentration in the artery c, and in veins cv, respectively, as well as other local factors
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such as the distribution of blood cell velocities. It directly quantifies the amount of light
in this frequency range (@, @) that was absorbed.

If the changes in the pulse are measured, this yields:
ASred(O‘)lﬂo‘)Zﬂt) = AB(t)f;fed((")la(")zacAa CV):
=AS;" ((91 » 005, t) =AB(1) /.4 ((91 »10,,C )

As usual in pulse oximetry, only arterial variations can be seen. In

()

5 addition, this is only related to blood scattered by the artery if simplified to single
scattering events.
The same can be written for the infrared laser 3, wherein the amount of

blood pulsating B(t) is the same:

AS'red (O‘)l 70‘)2 s t) = AB(t)fired (O‘)l 70‘)2 s CA ) (6)

l
By dividing the two, the term B(t) that gives the amount of pulsating

10 blood can be removed:
ASred ((’01 > (’02 5 t)
ASired ((’01 b (’02 s t)

Zf(COI,(DZ,CA) (7)

Further, corrections for the amount of light given by the lasers 2, 3 and
which may fluctuate in time can be done:

AS (o,0,,1) 1°¢
ASrea](((D1 (02 f)) ]llr)c :f(wlawzacA) (®)
ired 122> r

l

If not only single scattering events are considered, a function f(®;, @, Ca,
cv) has to be used which can be determined by calibration. After calibration, thus, a
15 relation between the oxygen concentration in artery ca and the oxygen concentration in
veins cy can be measured by comparing the red and the infrared spectra.
In the case of going beyond single scattering events, the two terms,
corresponding to the veins and the artery, respectively, have to be disentangled. More
degrees of freedom may be used, such as different frequency ranges. The distribution of

20 velocities in veins and artery are different and they will be different in different parts of
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the Doppler shift spectra. In addition, the terms that do not pulsate can be used. Such
terms are more related to blood flowing in the veins which does not pulsate. Using all
this information it is possible to determine the oxygen in the artery and in the veins,
respectively, more accurately.

Above terms only reflect pulse changes. However, the method can be
extended to measurements at low perfusion where practically no pulse is present. In such
a case it has to be relied on the whole spectrum which is time independent because there
is no pulse:

IDC

S ® 90‘) ir
Sred(((y\)1 0)2))]DC :f((Dl,(DZ,CA,CV) ©)
ired \*"12 2 r

If the whole spectrum is integrated, an average concentration in blood is

received. This is, thus, a SO2 value. This method can also be used in cases when the
pulsating component of the blood is intentionally removed. In such cases, when there is
no change in the blood volume, the Doppler information given by formula (9) can still be
used to get the oxygen concentration of blood.

Further, this method can also be used for low power consumption and/or
a quick start of the SO2 oximeter. This is possible because the measurement is done in a
very short time, i. e. about 10-20 ms, and no complete pulse has to be monitored. In
order to work in the low power regime, the lasers 2, 3 are only switched on for 10-20
ms per second in the case of SO2 measurement. Typical consumption of the lasers 2, 3 is
about 1 mW in cw-mode. Thus, few tenths of microseconds can be achieved in pulsating
mode. This is also why a quick start is possible since it is not necessary to wait for
multiple pulses.

As can be seen from Figure 1, the blood oximeter according to the first
preferred embodiment of the invention is provided with a pulse controller 9 for operating
the blood oximeter in a pulsed mode, and with a SO2 unit 10 for determining and
indicating an SO2 value as described above. Further, the blood oximeter according to
the first preferred embodiment comprises a motion detector 11 and a motion processing

unit 12 which are operated as set out in the following:



10

15

20

25

30

WO 2009/040740 PCT/IB2008/053874

10

One of the main problems of conventional blood oximeters are motion
artifacts during involuntary patient movement. Such artifacts occur when a patient’s
movements cause the blood oximeter to incorrectly interpret the movements as a pulse
signal or when the motion artifact prevents accurate detection of the patient’s real pulse
signal. This may lead to increasing false alarms and erronecous measurements.

With the blood oximeter according to the first embodiment of the
invention, both light sources are designed as lasers 2, 3 adapted for self-mixing
interferometry. This provides additional information related to the movement of the
blood oximeter with respect to the irradiated tissue, as from a fingertip 1 of the patient.
This information can be used to correct the artifacts present in the pulse oximetry
photodiode 4 or simply to reject the data as unreliable due to the detected movements.

From Figure 3 spectra taken with the pulse oximetry photodiode 4 and
taken with the monitoring photodiode 7 of the red laser 2, respectively, are shown. The
signals received with monitoring photodiode 7 are shown for low frequencies and for
high frequencies, respectively, and in both cases for energy and third momentum thereof.

As can be seen from the spectrum taken with the pulse oximetry
photodiode 4, at time 20 s movements start and, thus, no more heart beat can be
observed in the signal of the pulse oximetry photodiode 4. In order to avoid any
misinterpretation of this signal from the pulse oximetry photodiode 4, the motion
detector 10 is fed with the signal from the monitoring photodiode 7. As can be seen from
Figure 3, especially the spectra from the monitoring photodiode 7 for low frequencies
show a prominent signal change at time 20 s (encircled). Accordingly, by monitoring the
signal from the monitoring photodiode 7 movements can be detected and, thus, the
measurement can be rejected by motion processing unit 12.

From Figure 4 a blood oximeter according a second preferred
embodiment of the invention can be seen. Further to the blood oximeter according to the
first preferred embodiment of the invention, here, a force actuator 13 for pressing the
lasers 2, 3 against the illuminated part of the fingertip 1, and a pressure controller 14 for
applying a predefined pressure changing in time are provided. This provides for the

possibility of simultaneously measuring the blood pressure as set out in the following.
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The monitoring photodiodes 7, 8 measure the velocities of the red blood
cells inside the fingertip 1. In order to see this information, measured data is split into
intervals of 10 ms. The frequency spectrum of each of these intervals is calculated. A
number of these spectra are shown in Figure 5 with the relative time at which they were
measured, all for the same force.

Figure 5 shows that the spectrum “dances” up and down between
frequencies of about 10 kHz to 40 kHz. This is the effect of the cardiac cycle: The
frequency of this variation of the spectrum is the heart rate. The measured velocities can
be obtained using Doppler shift formula, and they correspond to the expected blood
velocities at a depth corresponding to the focal lengths of the lenses 5, 6, which are 1.5
mm according to the preferred embodiments of the invention.

The signal can be plotted as a function of time if the spectrum is
integrated in a certain frequency range and the energy is plotted in that spectrum as a
function of time. The resulting signal shows the heart beat and is dependent on the force
applied as can be seen from Figure 6.

During the blood pressure measurements the force with which the force
actuator 13 presses the lasers 2, 3 against the fingertip 1 is increased by the pressure
controller 14, and for each value of the force a certain number of spectra are measured.
When the applied pressure is lower than the diastolic pressure the blood flows during the
entire cardiac cycle. When the pressure on the fingertip 1 is increased to a value higher
than the diastolic pressure, the capillaries collapsed and blood stops flowing.

To measure the blood pressure, the dominant frequencies in the spectrum
of one of the monitoring photodiodes 7, 8 can be determined. The “dancing” of the
spectrum shows a frequency range of approximately 10 kHz to 40 kHz. When the force
on the fingertip 1 is increased, the active part of the spectrum shifts to lower frequencies.
This shift continues until the frequencies between 1 kHz and 2 kHz are the most active
frequencies. This shift in active frequencies is also an indication of the diastolic and
systolic transitions.

A method for evaluating the most active frequencies is the following:

1. For every cardiac cycle all spectra taken with monitoring

photodiode 7 are calculated .
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2. For every frequency, the maximum and the minimum of all these
spectra are evaluated.

3. For every frequency, the ratio of this maximum and minimum is
calculated.

4. The frequency at which this ratio is largest is the most active
frequency.

5. This dominant frequency is evaluated for every cardiac cycle and

plotted against the force applied by the force actuator 13.

An example of the resulting plot with the transition from high dominant
frequency to low dominant frequency is shown in Figure 7. This transition was measured
by slowly increasing the force on the fingertip 1 over a duration of one minute. As can be
seen, the dominant frequency decreases when the force increases. The two transition
points on the finger reflector systolic and diastolic transition, respectively.

As a result, compared with conventional blood oximeters, the invention
allows for the following advantages:

The blood oximeter is more robust against environment light because it
does not rely on the absolute intensity of the light as in conventional pulse oximetry.

The oxygen content in both veins and artery can be measured relying on
different Doppler shift frequency bands and on the pulsating component.

Doppler shift oximetry provides an average concentration of oxygen in
blood, i. ¢. both in veins and artery, at low perfusion. Even though a pulse may be hardly
present in this case, the signal coming from the moving blood is present and the amount
of light absorbed by the tissue is dependent on the oxygen concentration.

The blood oximeter according can be operated in a low power regime
because it only needs a few tenths of a second of measurement and further can be
operated in a pulsed mode. Accordingly, the device may have a quicker start, too.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to be
considered illustrative or exemplary and not restrictive; the invention is not limited to the
disclosed embodiments. Other variations to the disclosed embodiments can be

understood and effected by those skilled in the art in practicing the claimed invention,
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from a study of the drawings, the disclosure, and the appended claims. In the claims, the
word "comprising" does not exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate that a combination of these
measured cannot be used to advantage. Any reference signs in the claims should not be

construed as limiting the scope.
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CLAIMS:

1. A blood oximeter for measuring the oxygenation and at least one other
parameter of flowing blood in living tissue, comprising

two light sources (2, 3) emitting light of different wavelengths into the tissue,
wherein

at least one of the light sources (2, 3) is a laser with a laser cavity emitting a laser
beam, the laser being adapted to allow a part of the laser beam which is scattered by the
tissue to re-enter into the laser cavity, and wherein

a laser beam sensor (7, 8) for measuring the light emitted from the laser is
provided, the laser beam sensor (7, 8), thus, obtaining a signal which varies in
accordance with the self-mixing interferometric effect between the original laser beam

and the scattered laser beam.

2. The blood oximeter according to claim 1, wherein a lens (5, 6) is provided for
illuminating the laser beam into the tissue through the lens (5, 6), the lens (5, 6) having

preferably a focal length of equal or less than 2 mm.

3. The blood oximeter according to claim 2, wherein the lens (5, 6) is adapted to

directly contact the illuminated tissue.

4. The blood oximeter according to any of claims 1 to 3, wherein a pulse controller

(9) for a pulsed operation of the laser is provided.

5. The blood oximeter according to any of claims 1 to 4, wherein a force actuator
(13) is provided for pressing the laser against the illuminated tissue with a predefined

pressure.
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6. The blood oximeter according to claim 5, wherein a pressure controller (14) is

provided for applying a predefined pressure changing in time.

7. The blood oximeter according to any of claims 1 to 6, wherein a light detector
(4) for detecting a transmitted and/or reflected part of the light emitted into the tissue is

provided.

8. The blood oximeter according to claim 7, wherein a motion detector (11) is
provided for detecting a motion of the irradiated tissue on the basis of the signal of the

laser beam sensor (7, 8) and the signal of the light detector (4).

9. The blood oximeter according to claim 8, wherein a motion processing unit (12)
is provided for rejecting a measurement due to detected motions of the tissue or for

correcting a measurement based on detected motions of the tissue.

10.  The blood oximeter according to any of claims 1 to 9, wherein both light sources

(2, 3) are designed as a laser with a laser beam sensor (7, 8), respectively.

11.  The blood oximeter according to claim 10, wherein a SO2 unit (10) is provided
for determining and indicating an SO2 value based on the signals of both of the laser

beam sensors (7, 8).



PCT/IB2008/053874

WO 2009/040740

1/7

1~

FIG. 1



PCT/IB2008/053874

WO 2009/040740

2/7

wnJ3oads

Frequency [Hz]

FIG. 2A

Aysuayut

Time [S]

FIG. 2B



WO 2009/040740

DTN
B Y

Pulse Oximeter
Photodiode

T .
AT s

7,// S,

3/7

2

40

ERARTRA

Y
L

g
"

PCT/IB2008/053874

FIG. 3

<Sémmmmmmiéémmmmwizg

60
Time {s]

E

P

3
AU E SOOI o> >< E b2
5 8 883
[a] [an] [ous T oo T s
[ =i LWy Ry

AUSUBIUT
LUMUISLUOW LSO
Abiaug DAL Abisug DAL
Asuanbaid Mo Axuanbaid ybiy

IPOIPOICU] BULICHUDIN

S



PCT/IB2008/053874

WO 2009/040740

4/7

|

FIG. 4



PCT/IB2008/053874

WO 2009/040740

5/7

[zH] Aouanbalg

(9) —ssH'0
(S) —s9¢0
() —s/2°0
(€) —s810
(2) —s60°0
(1)- so

(£) —s¥S0

0
o
i

T
o
i

9poIpojoyd buliojuoly



PCT/IB2008/053874

WO 2009/040740

6/7

Intensi

Time [s]

FIG. 6A

SN

o

SRR

A g
SNCR

......... PTOURRUTR

,%ﬂz/;i/.ioﬂ.if N
RRETETT, SRS

et

N

Intensi

Time [s]

FIG. 6B



WO 2009/040740 PCT/IB2008/053874

7/7

Diastolic transition :

Systollc tran5|t|on

N IR

Dominant Frequency of the Spectrum [Hz]

103
i i i
40 60 80 100 120 140
Compressive Force on Finger [g]

FIG. 7




.INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2008/053874

A.
INV.

CLASSIFICATION OF SUBJECT MATTER

A61B5/00

According 1o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system foliowed by classification symbols)

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 1o claim No.

WO 2006/126152 A (KONINKL PHILIPS

ELECTRONICS NV [NL]; VAN HERPEN MAARTEN

[FR]; BALISTRE)

30 November 2006 (2006-11-30)
abstract

figures 1,2 ,
paragraph [0003] - paragraph [0006]
paragraph [0027] - paragraph [0030]

WO 2006/085278 A (KONINKL PHILIPS
ELECTRONICS NV [NL]; PRESURA CRISTI
[FR]; AKKERMANS) '
17 August 2006 (2006-08-17)
abstract

figure 1

paragraph [0010] - paragraph [0011]

_____ "

2-11

2,3
AN

m Further documents are listed in the continuation of Box C.

E See patent family annex.

A

* Special categories of cited documents :

o h

fater document published after the international filing date

or priority date and not in conflict with the application but

document defining the general state of the art which is not
considered-to be of particular relevance

earlier document but published on or after the international
filing date -

“L" document which may throw doubts on priority claim(s) or -
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

"P* document published prior to the internationat filing date but
later than the priority date claimed

g

o

cited to understand the principle or theory underlying the
invention C

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments. such combination being obvious to a person skilled
in the art.

*&' document member of the same patent family

e

Date of the actual completion of the international search

19 January 2009

Date of mailing of the intemational search report

29/01/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mohrs, Sascha

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




INTERNATIONAL SEARCH REPORT

International application No

| pcT/1B2008/053874

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Relevant to claim No.

25 May 2000 (2000-05-25)
abstract o
pages 5,39,49

Category” | Citation of document, with indication, where appropriate, of the relevant passages
Y ~ US 2004/034294 A1 (KIMBALL VICTOR E [US] 4
ET AL) 19 February 2004 (2004-02-19)
abstract _
figure 7
paragraphs [0042], [0055], [0061]
Y WO 96/39927 A (BLACKBOX INC [US]) 5,6
19 December 1996 (1996-12-19)
abstract
- figure 7
page 10, line 22 - page 11, line 27
page 12, line 11 - page 12, line 19
Y WO 98/15224 A (NELLCOR PURITAN BENNETT INC 7-9
[US]) 16 April 1998 (1998-04-16)
abstract
figure 12
claims 13-15
page 14 - page 15
page 17 - page 18
Y WO 00/28887 A (KRUG ALFONS [DEJ) 10,11

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2008/053874
Patent document Publication Patent family Publication

cited in search report date member(s) date
WO 2006126152 A 30-11-2006 CN 101179984 A 14-05-2008
JP 2008541823 T 27-11-2008
’ us 2008200781 Al 21-08-2008
WO 2006085278 A 17-08-2006 JP 2008529645 T 07-08-2008
US 2008188726 Al 07-08-2008
US 2004034294 Al 19-02-2004 AU 2003262618 Al 03-03-2004
EP 1528889 Al 11-05-2005
JP 2005535407 T 24-11-2005
WO 2004016169 Al 26-02-2004
WO 9639927 A 19-12-1996 AU 6256196 A 30-12-1996
WO 9815224 A 16-04-1998 AT 257669 T 15-01-2004
AU 4666397 A - 05-05-1998
CA 2267414 Al 16-04-1998
DE 69727243 D1 19-02-2004
DE 69727243 12 04-11-2004
EP 0951232 A2 27-10-1999
JP 3950173 B2 25-07-2007
JP 2001501847 T . 13-02-2001
us 6374129 Bl 16-04-2002
us 6018673 A 25-01-2000
WO 0028887 A 25-05-2000 AT 404110 T 15-08-2008
: CN 1326328 A 12-12-2001
EP 1130998 Al 12-09-2001
JP 2003517342 T 27-05-2003 .
us 6859658 B1 22-02-2005

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




THMBW(EF)

mEt
EP2194842A1 NI (»&E)B
EP2008807776 RiEH

FRIFRB(EFRN)AGE) ERTFBEFROBRLE
RF(EFR)AGE) ERTCRHBFNV.

HARFEEANR)AGE) ERTCRENV.

[#R1& B8 A PRESURA CRISTIAN
HEINKS CARSTEN
SUCH OLAF
GARCIA MOLINA GARY N
HOOFT GERT
KA PRESURA, CRISTIAN
HEINKS, CARSTEN
SUCH, OLAF
GARCIA MOLINA, GARY, N.
HOOFT, GERT
IPCH %5 A61B5/00 A61B5/1455
CPCH¥ESH A61B5/14551 A61B5/721
£ 5 2007117427 2007-09-27 EP
H N FF 3Tk EP2194842B1
SAEREE$E Espacenet
HE(R)

mET KRR RAS R —HmET , ATURFALRHNMANE
SERANEL - EMSH. BEREH O8I IERMFFERRE
AR FHBARRENRIF (2,3) , ABRREBERTRAURSFAR
HRHEH N/ RSB XRNZE (4) , HPED-—PREFERER
RETHAROBARRNBELER , ZEARETAVFHARRS N -2
BAREMHENBOLRE , FEEPBARREMA TUNEMNB R RSN
FHHKRERER (7,8) , BOERERSR (7,8) HUREBRERABLR
MFEHHARZENBRE THREMEBLNES. BEHAR. R
b, BETEXHEOMEAT , ERTEREE  ABEATITENNE

2010-06-16

2008-09-24

patsnap


https://share-analytics.zhihuiya.com/view/06d24c91-d9c3-4a06-b402-e987280c2993
https://worldwide.espacenet.com/patent/search/family/040184901/publication/EP2194842A1?q=EP2194842A1

