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Description

[0001] The invention relates to a method for use with
a probe, which produces a signal indicative of the light
absorption of arterial blood at least at a first light wave-
length and at a second light wavelength. The invention
relates further to a probe comprising a light source send-
ing optical signals through the tissue at least at a first
light wavelength and at a second light wavelength, and
a detector receiving optical signals after transmission
through the tissue for producing signals indicative of the
light absorption of arterial blood.

[0002] The invention relates for example to devices
used for non-invasively determining the amount of at
least one light absorbing substance in a subject. These
devices are typically pulse oximeters used to measure
the blood oxygenation of a patient. More specifically, the
invention relates to the detection of "probe-off" in such a
device. The invention relates generally to devices used
for non-invasively determining the amount of at least one
light absorbing substance in a subject. These devices
are typically pulse oximeters used to measure the blood
oxygenation of a patient. More specifically, the invention
relates to the detection of "probe-off" in such a device.
[0003] Pulseoximetryisatpresentthe standard ofcare
for the continuous monitoring of arterial oxygen satura-
tion (SpO,). Pulse oximeters provide instantaneous in-
vivo measurements of arterial oxygenation, and thereby
provide early warning of arterial hypoxemia, for example.
[0004] A pulse oximeter comprises a computerized
measuring unit and a probe attached to the patient, typ-
ically to his or her finger or ear lobe. The probe includes
a light source for sending an optical signal through the
tissue and a photo detector for receiving the signal after
transmission through the tissue. On the basis of the trans-
mitted and received signals, light absorption by the tissue
can be determined. During each cardiac cycle, light ab-
sorption by the tissue varies cyclically. During the diasto-
lic phase, absorption is caused by arterial and venous
blood, tissue, bone, and pigments, whereas during the
systolic phase, there is an increase in absorption, which
is caused by the influx of arterial blood into the tissue.
Pulse oximeters focus the measurement on this arterial
blood portion by determining the difference between the
peak absorption during the systolic phase and the con-
stant absorption during the diastolic phase. Pulse oxime-
try is thus based on the assumption that the pulsatile
component of the absorption is due to arterial blood only.
[0005] Light transmission through an ideal absorbing
sample is determined by the known Lambert-Beer equa-
tion as follows:

Iout=line_soc<1 )

where |, is the light intensity entering the sample, 1 is
the light intensity received from the sample, D is the path
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length through the sample, ¢ is the extinction coefficient
of the analyte in the sample at a specific wavelength, and
C is the concentration of the analyte. When |;,, D, and £
are known and |, is measured, the concentration C can
be calculated.

[0006] In pulse oximetry, in order to distinguish be-
tween the two species of hemoglobin, oxyhemoglobin
(HbO,), and deoxyhemoglobin (RHb), absorption must
be measured at two different wavelengths, i.e. the probe
includes two different light emitting diodes (LEDs). The
wavelength values widely used are 660 nm (red) and 940
nm (infrared), since the said two species of hemoglobin
have substantially different absorption values at these
wavelengths. Each LED is illuminated in turn at a fre-
quency which is typically several hundred Hz.

[0007] The practical functionality of a pulse oximeter
is affected by several factors. This is discussed briefly in
the following.

[0008] First of these is that the finger must be reliably
placed in the optical path from LED emitters to the pho-
todetector. If the probe is off, depending of the probe type
(clip or wrap) the detection of this condition, just based
on the two optical signals, plus a signal proportional to
the ambient light, i.e. independent of the LED intensities,
is frequently unreliable.

[0009] Also conditions where the finger is partly in the
optical path, or if coatings such as nail polish are inter-
fering, operation of the oximeter may be erratic, without
the system being able to detect this condition.

[0010] Furthermore, even with the probe correctly po-
sitioned, the optical signal may be degraded by both
noise and motion artifacts. One source of noise is the
ambient light received by the photodetector. Many solu-
tions have been devised with the aim of minimizing or
eliminating the effect of the movement of the patient on
the signal, and the ability of a pulse oximeter to function
correctly in the presence of patient motion depends on
the design of the pulse oximeter. This condition is fre-
quently confused with a probe-off condition, especially
with wrap type sensors, where the CTR detection mech-
anism does not work.

[0011] Detecting probe-off in a pulse oximetry sensor
is traditionally based on the increase in signal when a
clip-on probe has no finger inserted (current transfer ratio
CTR above threshold) or, in the case of a flexible or dis-
posable probe, when the signal is noisy or uncorrelated.
[0012] Both methods work, but have limitations. The
CTR method requires amplitude discriminated LED
transmitters, and the correlation method is slower and
frequently unreliable.

[0013] As examples of the solutions known in the prior
art US Patent No. 6 714 803, US Patent No. 5 827 182,
US Patent 6 714 803 and US 6 360 114 can be men-
tioned.

[0014] Furthermore US Patent No. 2005/0203357 and
US Patent 6 842 635 disclose methods and probes using
at least three different wavelengths but for the purpose
of reducing noise rather than detecting a probe off situ-
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ation.

[0015] Anobjectoftheinventionis to provide a method
and a probe eliminating the disadvantages of the prior
art. This is achieved by the method and the probe ac-
cording to the invention. The method of the invention is
characterized in that in order to indicate if the probe is
not properly attached to a tissue site the method com-
prises measuring with at a third wavelength, the third
wavelength being chosen so that human tissue is less
transparent than at the first and second wavelengths.
The probe of the invention is characterized in that in order
to indicate if the probe is not properly attached to a tissue
site the probe further comprises a light emitter producing
a signal at a third wavelength, the third wavelength being
chosen so that human tissue is less transparent than at
the first and second wavelengths.

[0016] The mostimportant advantage of the invention
is that the situation in which for example the probe is off
is very reliably detected when compared to the prior art.
The advantage of the inventionis alsoin that the invention
is very simple, and therefore the invention is inexpensive
to take into use and to use.

[0017] In the following the invention will be described
in detail by means of a preferred exemplary embodiment
in the accompanying drawing, in which

Figure 1 shows schematically one embodiment of
the invention.

[0018] Figure 1 shows schematically a pulse oximeter
of the invention. Reference number 1 shows a patient.
In the embodiment shown in figure 1 measurement is
carried out from afinger of the patient, and therefore only
one finger of the patient is shown.

[0019] Reference number 2 shows a light source and
reference number 3 a photo detector. The light source 2
sends optical signals through the tissue at least at a first
light wavelength and at a second light wavelength. The
detector 3 receives optical signals after transmission
through the tissue for producing signals indicative of the
light absorption of arterial blood.

[0020] In the embodiment shown light source 2 com-
prises two different light emitting diodes (LED) 4, 5 having
wavelengths of 660 nm (red) and 940 nm (infrared), since
the two species of haemoglobin have two substantially
different absorption values at these wavelengths as de-
scribed earlier.

[0021] The device comprises further a drive unit 6 for
light emitting diodes, an input amplifier 7 for the photo
detector 3, and a control unit 8.

[0022] The matters described above are known to a
person skilled in the art, and therefore said matters are
not described in detail here.

[0023] The idea in the invention is that in order to in-
dicate if the probe is not properly attached to a tissue site
the invention comprises measuring with at a third wave-
length, the third wavelength being chosen so that human
tissue is less transparent than at the first and second
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wavelengths. In other words in order to indicate if the
probe is not properly attached to a tissue site the probe
further comprises a light emitter 9 producing a signal at
a third wavelength. The third wavelength is chosen so
that it does not penetrate human tissue in the way as the
first and the second wavelengths do.

[0024] Typically, thered and infrared signals penetrate
human tissue in a similar fashion, somewhat dependent
of the tissue type, skin color and oxygenation status.
[0025] As said above in this invention a third wave-
length is added, typically green or blue, that essentially
does not penetrate human tissue, or where the tissue
absorption is significantly stronger than at the other two
wavelengths.

[0026] The third wavelength is shorter than 600 nm or
longer than 1000 nm. Preferably the third wavelength is
essentially 500-550 nm or 1300 nm or more.

[0027] The third wavelength can also be a mixture of
wavelengths, as in white light, as long as the fraction of
the less transparent wavelengths is significant enough
to allow identification of the higher absorption in human
tissue.

[0028] By comparing the CTR of two or more wave-
lengths, for example the three wavelengths shown in fig-
ure 1, the system can characterize the type of obstacle,
or the lack of obstacle, in the optical path. Thus a clip
probe without a finger shows similar CTRs for all three
wavelengths (colors), whereas a finger passes red and
infrared, but blocks green.

[0029] A wrap type probe that is open, i.e. the LEDs
do dot face the detector, usually has equally low CTRs
for all colors, except when it leans onto a blanket or other
reflecting object. Again, comparing the three CTRs ena-
bles the new system to discriminate a normal reflecting
surface from human tissue with much better reliability
than just having two wavelengths.

[0030] Inthe embodiment shown only one wavelength
not penetrating human tissue is used. This is however
not the only possibility but it is quite possible to use also
more than one poorly penetrating wavelengths if needed.
It is also quite possible to use more that two tissue pen-
etrating wavelengths, i.e. more that red and infrared de-
scribed in figure 1, if there is some need for additional
measurements.

[0031] The embodimentdescribed above is notintend-
ed to restrict the invention, but the invention can be mod-
ified quite freely within the scope of the claims enclosed.
The details of the invention need not be exactly similar
shown for example in figure 1 but other solutions can
also be used. It is for example quite possible to modify
the device shown so that it gives a appropriate alarm if
the results obtained show that the probe is not properly
attached to a tissue site etc.

Claims

1. A method for use with a probe which produces sig-
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nals indicative of the light absorption of arterial blood
at least at a first light wavelength and at a second
light wavelength, the method comprises measuring
at a third wavelength, the third wavelength being
chosen so that human tissue is less transparent than
at the first and second wavelengths, characterized
in that the measuring at the third wavelength pro-
viding an indication that the probe is not properly
attached to a tissue site.

The method of claim 1, characterized in that cur-
rent transfer ratio (CTR) of two or more wavelengths
is compared.

The method of claim 1 or 2, characterized in that
the third wavelength is shorter than 600 nm or longer
than 1000 nm.

The method of claim 3, characterized in that the
third wavelength is essentially 550-500 nm or 1300
nm or more.

The method of claim 1, characterized in that the
method is for use with a pulse oximeter probe.

The method of claim 1, characterized in that more
that one poorly penetrating wavelengths are used.

A probe comprising a light source (2) sending optical
signals through the tissue at least at afirst light wave-
length and at a second light wavelength, and a de-
tector (3) receiving optical signals after transmission
through the tissue for producing signals indicative of
the light absorption of arterial blood, the probe further
comprises a light emitter (9) producing a signal at a
third wavelength, the third wavelength being chosen
so that human tissue is less transparent than at the
firstand second wavelengths, characterized in that
the probe is adapted to indicate if the probe is not
properly attached to a tissue site.

The probe of claim 7, characterized in that it com-
prises a unit for comparing current transfer ratio
(CTR) of two or more wavelengths.

The probe of claim 7 or 8, characterized in that the
third wavelength is shorter than 600 nm or longer
than 1000 nm.

The probe of claim 9, characterized in that the third
wavelength is essentially 500-550 nm or 1300 nm or
more.

The probe of claim 7, characterized in that the
probe is a pulse oximeter probe.

The probe of claim 7, characterized in that the
probe further comprises at least more than one light
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emitters producing a poorly penetrating wavelength.

Patentanspriiche

1.

Ein Verfahren zur Benutzung einer Sonde die Signa-
le erzeugt, welche die Lichtabsorption von arteriel-
lem Blut bei mindestens einer ersten Lichtwellenlén-
ge und einer zweiten Lichtwellenlange anzeigen,
wobei das Verfahren eine Messung bei einer dritten
Wellenldnge umfasst und die dritte Wellenlange so
gewahlt ist, dass menschliches Gewebe weniger
transparent ist als bei der ersten und zweiten Wel-
lenlange, dadurch gekennzeichnet, dass die Mes-
sung bei der dritten Wellenl&dnge anzeigt, dass die
Sonde nicht richtig an einer Gewebestelle befestigt
ist.

Das Verfahren aus Anspruch 1, dadurch gekenn-
zeichnet, dass ein Strom-Ubertragungsfaktor
(CTR) von zwei oder mehreren Wellenldngen ver-
glichen wird.

Das Verfahren aus Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die dritte Wellenlange kuirzer
als 600 nm oder l&nger als 1000 nm ist.

Das Verfahren aus Anspruch 3, dadurch gekenn-
zeichnet, dass die dritte Wellenldnge im Wesentli-
chen 550-500 nm oder 1300 nm oder mehr ist.

Das Verfahren aus Anspruch 1, dadurch gekenn-
zeichnet, dass das Verfahren zur Verwendung ei-
ner Puls-Oximetersonde verwendet wird.

Das Verfahren aus Anspruch 1, dadurch gekenn-
zeichnet, dass mehr als eine schlecht penetrieren-
de Wellenlange verwendet wird.

Eine Sonde umfassend eine Lichtquelle (2), welche
optische Signale mit mindestens einer ersten Licht-
wellenlange und einer zweiten Lichtwellenlange
durch das Gewebe sendet, und einen Detektor (3),
welcher optische Signale, welche durch das Gewe-
be gesendet wurden, empféangt um Signale zu er-
zeugen, die die Lichtabsorption von arteriellem Blut
anzeigen, wobei die Sonde zusatzlich einen
Lichtsender (9) umfasst, welcher ein Signal mit einer
dritten Wellenldnge erzeugt und die dritte Wellen-
lange so gewahlt ist, dass menschliches Gewebe
weniger transparent ist als bei der ersten und zwei-
ten Wellenlange, dadurch gekennzeichnet, dass
die Sonde geeignet ist anzuzeigen, falls die Sonde
nicht richtig an einer Gewebestelle befestigt ist.

Die Sonde aus Anspruch 7, dadurch gekennzeich-
net, dass sie eine Einheit umfasst, welche einen
Strom-Ubertragungsfaktor (CTR) von zwei oder
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mehreren Wellenldngen vergleicht.

Die Sonde aus Anspruch 7 oder 8, dadurch ge-
kennzeichnet, dass die dritte Wellenlange kiirzer
als 600 nm oder langer als 1000 nm ist.

Die Sonde aus Anspruch 9, dadurch gekennzeich-
net, dass die dritte Wellenldnge im Wesentlichen
500-550 nm oder 1300 nm oder mehr ist.

Die Sonde aus Anspruch 7, dadurch gekennzeich-
net, dass die Sonde eine Puls-Oximetersonde ist.

Die Sonde aus Anspruch 7, dadurch gekennzeich-
net, dass die Sonde weiter zumindest mehr als ei-
nen Lichtsender umfasst, welcher eine schlecht pe-
netrierende Wellenlange erzeugt.

Revendications

Procédé d'utilisation d’'une sonde qui produit des si-
gnauxindicateurs de I'absorption de lumiére du sang
artériel au moins a une premiére longueur d’'onde de
lumiére et a une deuxieme longueur d’onde de lu-
miére, le procédé comprend le mesurage a une troi-
siéme longueur d’'onde, la troisieme longueur d’onde
étant choisie de sorte que le tissu humain est moins
transparent qu’aux premiére et deuxiéme longueurs
d’'ondes, caractérisé en ce que le mesurage a la
troisieme longueur d’onde fournit une indication se-
lon laquelle la sonde n’est pas correctement atta-
chée au tissu.

Procédé selon la revendication 1, caractérisé en
ce que le rapport de transfert de courant (CTR) de
deux ou plusieurs longueurs d’ondes est comparé.

Procédé selon la revendication 1 ou 2, caractérisé
en ce que latroisieme longueurd’onde est plus cour-
te que 600 nm ou plus longue que 1 000 nm.

Procédé selon la revendication 3, caractérisé en
ce que la troisieme longueur d’onde est essentiel-
lement de 500 a 550 nm ou de 1 300 nm ou plus.

Procédé selon la revendication 1, caractérisé en
ce que le procédé est destiné a étre utilisé avec une
sonde d’oxymeétre pulsatile.

Procédé selon la revendication 1, caractérisé en
ce que plus d’une longueur d’onde a faible pénétra-
tion est utilisée.

Sonde comprenant une source de lumiére (2) émet-
tant des signaux optiques a travers le tissu au moins
a une premiére longueur d’onde et a une deuxieme
longueur d’onde, et un détecteur (3) recevant les si-
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10.

1.

12,

gnaux optiques aprés une transmission a travers le
tissu en vue de produire des signaux indicateurs de
'absorption de lumiére du sang artériel, la sonde
comprend en outre un émetteur de lumiére (9) pro-
duisant un signal a une troisiéme longueur d’onde,
la troisieme longueur d’'onde étant choisie de sorte
que le tissu humain est moins transparent qu’aux
premiére et deuxiéme longueurs d’ondes, caracté-
risée en ce que la sonde est congue pour indiquer
sila sonde n’est pas correctement attachée au tissu.

Sonde selon la revendication 7, caractérisée en ce
qu’elle comprend une unité destinée a comparer le
rapport de transfert de courant (CTR) de deux ou
plusieurs longueurs d’ondes.

Sonde selon la revendication 7 ou 8, caractérisée
en ce que latroisieme longueur d’onde est plus cour-
te que 600 nm ou plus longue que 1 000 nm.

Sonde selon la revendication 9, caractérisée en ce
que la troisieme longueur d’'onde est essentielle-
ment de 500 a 550 nm ou de 1 300 nm ou plus.

Sonde selon la revendication 7, caractérisée en ce
que la sonde est une sonde d’oxymétre pulsatile.

Sonde selon la revendication 7, caractérisée en ce
que la sonde comprend en outre au moins plus d’'un
émetteur de lumiére produisant une longueur d’onde
a faible pénétration.
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