EP 1 860 989 B1

Patent Office

fes brevers (11) EP 1 860 989 B1

(1 9) ’ e Hllm”“mmllmll‘l”‘ll”l“l |HH||H”|‘|"l“”l“mll‘“l”ll‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/00 (2006.01)

21.11.2018 Bulletin 2018/47
(86) International application number:

(21) Application number: 06736668.2 PCT/US2006/007387

(22) Date of filing: 01.03.2006 (87) International publication number:
WO 2006/094107 (08.09.2006 Gazette 2006/36)

(54) PHYSIOLOGICAL PARAMETER CONFIDENCE MEASURE
MASS FUR DIE ZUVERLASSIGKEIT EINES PHYSIOLOGISCHEN PARAMETERS
MESURE DE CONFIANCE D’UN PARAMETRE PHYSIOLOGIQUE

(84) Designated Contracting States: (72) Inventors:
ATBEBG CHCY CZDE DK EE ES FI FR GB GR * DIAB, Mohamed
HUIEIS ITLILT LU LV MC NL PL PT RO SE SI Mission Viejo, CA 92692 (US)
SKTR e LAMEGO, Marcelo
Rancho Santa Margarita, CA 92688 (BR)
(30) Priority: 01.03.2005 US 657596 P e AL-ALI, Ammar
01.03.2005 US 657759 P Tustin, CA 92782 (US)
01.03.2005 US 657268 P
01.03.2005 US 657281 P (74) Representative: Vossius & Partner
Patentanwalte Rechtsanwilte mbB
(43) Date of publication of application: Siebertstrasse 3
05.12.2007 Bulletin 2007/49 81675 Miinchen (DE)
(60) Divisional application: (56) References cited:
10191029.7 / 2 286 721 WO-A-98/43071 US-A- 4 653 498

US-A1- 2004 133 087 US-A1-2004 158 134
(73) Proprietor: Masimo Laboratories, Inc.
Irvine, CA 92618 (US)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 860 989 B1 2

Description

[0001] Spectroscopy is acommon technique for meas-
uring the concentration of organic and some inorganic
constituents of a solution. The theoretical basis of this
technique is the Beer-Lambert law, which states that the
concentration ¢; of an absorbent in solution can be de-
termined by the intensity of light transmitted through the
solution, knowing the pathlength d;, the intensity of the
incident light /, ;, and the extinction coefficient ¢ ; at a
particular wavelength . In generalized form, the Beer-
Lambert law is expressed as:

Il = Io_xe—d‘ 'ﬂa',{

(1)

lua.)l = Z
i=1

€16

)

where , ; is the bulk absorption coefficient and repre-
sents the probability of absorption per unit length. The
minimum number of discrete wavelengths that are re-
quired to solve EQS. 1-2 are the number of significant
absorbers that are present in the solution.

[0002] A practical application of this technique is pulse
oximetry, which utilizes a noninvasive sensor to measure
oxygen saturation (SpO,) and pulse rate. In general, the
sensor has light emitting diodes (LEDs) that transmit op-
tical radiation of red and infrared wavelengths into a tis-
sue site and a detector that responds to the intensity of
the optical radiation after absorption (e.g., by transmis-
sion or transreflectance) by pulsatile arterial blood flow-
ing within the tissue site. Based on this response, a proc-
essor determines measurements for SpO,, pulse rate,
and can output representative plethysmographic wave-
forms. Thus, "pulse oximetry" as used herein encom-
passes its broad ordinary meaning known to one of skill
in the art, which includes at least those noninvasive pro-
cedures for measuring parameters of circulating blood
through spectroscopy. Moreover, "plethysmograph" as
used herein (commonly referred to as "photoplethysmo-
graph"),encompassesits broad ordinary meaning known
to one of skill in the art, which includes at least data rep-
resentative of a change in the absorption of particular
wavelengths of light as a function of the changes in body
tissue resulting from pulsing blood.

[0003] Pulse oximeters capable of reading through
motion induced noise are available from Masimo Corpo-
ration ("Masimo") of Irvine, California. Moreover, portable
and other oximeters capable of reading through motion
induced noise are disclosed in at least U.S. Pat. Nos.
6,770,028, 6,658,276, 6,157,850, 6,002,952 5,769,785,
and 5,758,644.
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US 4,653,498 describes a pulse oximetry system that
includes a systematic rejection of extraneous or irregular
detected data that prevents the undue sounding of
alarms.

Such reading through motion oximeters have gained rap-
id acceptance in a wide variety of medical applications,
including surgical wards, intensive care and neonatal
units, general wards, home care, physical training, and
virtually all types of monitoring scenarios.

[0004] FIG. 1 illustrates HbO, and Hb absorption u,
versus wavelength. At red and near IR wavelengths be-
low 970 nm, where water has a significant peak, Hb and
HbO, are the only significant absorbers normally present
in the blood. Thus, typically only two wavelengths are
needed to resolve the concentrations of Hb and HbO,,
e.g. a red (RD) wavelength at 660 nm and an infrared
(IR) wavelength at 940 nm. In particular, SpO, is com-
puted based upon a red ratio Red,p/Redp and an IR
ratio IRyc/IRpc, which are the AC detector response
magnitude at a particular wavelength normalized by the
DC detector response at that wavelength. The normali-
zation by the DC detector response reduces measure-
ment sensitivity to variations in tissue thickness, emitter
intensity and detector sensitivity, for example. The AC
detector response is a plethysmograph, as described
above. Thus, the red and IR ratios can be denoted as
NPgp and NP g respectively, where NP stands for "nor-
malized plethysmograph." In pulse oximetry, oxygen sat-
uration is calculated from the ratio NPrp/NP .

[0005] A multiple wavelength sensor and a noninva-
sive multi-parameter patient monitor, such as referenced
above, make blood absorption measurements at more
than a red wavelength and an IR wavelength.

The present invention relates to a method of determining
a measure of confidence in a physiological parameter
according to claim 1 and to a confidence measurement
system according to claim 7. In one embodiment, de-
scribed below, blood absorption measurements are
made at eight wavelengths. Advantageously, this rich
wavelength data, compared with conventional pulse ox-
imetry, allows a determination of a tissue profile or tissue
characterization over a wavelength spectrum.

[0006] FIG.2illustrates an example of a "tissue profile"
200 for SpO2 = 97%. For this example, including FIGS.
3-4, below, the sensor emits eight wavelengths (610,
620, 630, 655, 700, 720, 800 and 905 nm). The graphis
a plot of NP ratios 210 versus wavelength 220, where
the NP ratios are of the form NP, ,/NP;,. This is a gen-
eralization to multiple wavelengths of the ratio
NPRrp/NP|g described above for two (red and IR) wave-
lengths. In order to provide a common scale for these
NP ratios, the ratios are calculated with respect to a ref-
erence wavelength, Ar, which may be any of the available
wavelengths. Thus, the plotted NP ratios are denoted
NP,/ NP, over the n available wavelengths, including
Ar. Note that the NP ratio at the reference wavelength is
NP,/ NP;, = 1, which is 800 nm in FIG. 2.

[0007] As shown in FIG. 2, when a sensor is properly
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positioned on a tissue site, the detector only receives
LED emitted light that has propagated through the tissue
site after tissue scattering and absorption. Thus, a tissue
profile 200 should reflect the blood constituent absorption
characteristics illustrated in FIG. 1, above. For this high
oxygen saturation (97%) example, HbO, is the only sig-
nificantly absorbing blood constituent and, indeed, the
resulting tissue profile 200 is shaped like the HbO, ab-
sorption curve 110 (FIG. 1).

FIG. 1 is a graph of oxyhemoglobin and reduced he-
moglobin light absorption versus wavelength across
portions of the red and IR spectrum;

FIG. 2 is a graph of NP ratios versus wavelength
illustrating a tissue profile;

FIG. 3 is a graph of NP ratios versus wavelength
illustrating a probe-off profile;

FIG. 4 is a graph of NP ratios versus wavelength
illustrating a penumbra profile;

FIG. 5 is a general block diagram of a confidence
measurement system;

FIG. 6is a graph of normalized plethysmograph (NP)
ratios versus wavelength for low and high SpO, il-
lustrating a NP envelope;

FIG. 7 is a block diagram of a multiple wavelength
probe off detector utilizing an NP envelope;

FIG. 8 is a graph of NP ratios versus wavelength
illustrating a family of parametric NP curves;

FIG. 9 is a block diagram of a multiple wavelength
confidence measurement system utilizing paramet-
ric NP curves;

FIG. 10 is an NP ratio graph illustrating a family of
NP data clusters; and

FIG. 11 is a block diagram of a multiple wavelength
confidence measurement system utilizing NP data
clusters.

[0008] In this application, reference is made to many
blood parameters. Some references that have common
shorthand designations are referenced through such
shorthand designations. For example, as used herein,
HbCO designates carboxyhemoglobin, HbMet desig-
nates methemoglobin, and Hbt designates total hemo-
globin. Other shorthand designations such as COHb,
MetHb, and tHb are also common in the art for these
same constituents. These constituents are generally re-
ported in terms of a percentage, often referred to as sat-
uration, relative concentration or fractional saturation.
Total hemoglobin is generally reported as a concentra-
tion in g/dL. The use of the particular shorthand desig-
nators presented in this application does not restrict the
term to any particular manner in which the designated
constituent is reported.

[0009] FIG. 3illustrates an example of a probe-off pro-
file 300. When a sensor is completely dislodged from a
patient, a so-called "probe off" condition occurs. Despite
a probe off condition, an optical sensor may continue to
detectan AC signal, which can be induced at the detector
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by other than pulsatile arterial absorption of LED emitted
light. For example, small patient movements, vibrations,
air flow or other perturbations may cause the pathlength
between the LEDs and the detector to vary, resulting in
an AC detector signal that can be mistakenly interpreted
by the monitor as due to pulsatile arterial blood. Further,
ambient light may reach the detector, and any modulation
of the ambient light due to AC power, power fluctuations,
moving objects, such as afan, among other perturbations
can be also mistaken as a pulsatile arterial signal. Probe
off errors are serious because a blood constituent mon-
itor may display normal results, such as oxygen satura-
tion, when, in fact, the sensor is not properly attached to
the patient, potentially leading to missed severe desatu-
ration events. As shown in FIG. 3, a probe-off profile 300
is readily apparent as it does not have a shape related
to the absorption characteristics of hemoglobin constit-
uents.

[0010] FIG.4 llustrates an example of a penumbra pro-
file 400. When a sensor is not properly positioned or be-
comes partially dislodged, a penumbra condition may oc-
cur, where the detector is "shadowed" by a tissue site,
such as a finger, but also receives some light directly
from the emitters or indirectly reflected off the sensor
housing, or both. As aresult, the DC signal at the detector
rises significantly, which lowers the AC/DC ratio (NP).
Because red wavelengths are more significantly ab-
sorbed by Hb and HbO2, the penumbra condition is most
noticeable at the red portion 405 of the NP, ./ NP, .. This
effectis readily seen in the penumbra profile 400 as com-
pared to a normal tissue profile 200 (FIG. 2).

[0011] Advantageously, a physiological parameter
confidence measurement system, as described below,
can distinguish a tissue profile 200 (FIG. 2) from a probe-
off profile 300 (FIG. 3) or penumbra profile 400 (FIG. 4),
as examples. Further, a physiological parameter confi-
dence measurement system can provide indications that
the detector signal is degraded as the result of various
physiological and non-physiological phenomenon.
[0012] FIG.5illustrates a physiological parameter con-
fidence measurement system 500 having a physiological
data 510 input, a confidence indicator 560 output and a
probe-off indicator 570 output. In one embodiment, phys-
iological data 510, such as the NP ratios described
above, is derived from a sensor 501 generating a sensor
signal 502 responsive to multiple wavelengths of optical
radiation transmitted into and attenuated by a tissue site.
The confidence indicator 560 provides an observer with
some measure of "goodness" for the physiological data
510. That is, if confidence is high, it is likely the physio-
logical data 510 is representative of a physiological con-
dition or state. If confidence is low, the physiological data
510 may be less representative of a physiological con-
dition or state. If the confidence is very low, a probe-off
indicator 570 may be generated to alert an observer to
the possibility that a sensor from which the physiological
data 510 is derived is not properly positioned on a tissue
site and may not be generating physiologically significant
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data. In one embodiment, a confidence measure may be
provided as a percentage, such as 0-100%. In various
embodiments, a confidence indicator 560 corresponding
to a confidence measure may be visual or audible or both.
For example, a confidence indicator 560 may be a
numberdisplay, a display message, a bar display, a color
indicator or display, such as green (high confidence), yel-
low (average confidence), red (low confidence). Also, a
confidence indicator 560 may be any of various alarm
sounds, tones or patterns of sounds or tones, such as a
double beep at less than high confidence. In one embod-
iment, the physiological parameter confidence measure-
ment system 500 is incorporated within a physiological
monitor 503 having a display 580 or alarm 590 for out-
putting the confidence indicator 560 or probe-offindicator
570.

[0013] AsshowninFIG. 5, the physiological parameter
confidence measurement system 500 also has a param-
eter estimator 520, a physiological data reference 540
and a confidence measurer 550. The parameter estima-
tor 520 derives one or more physiological parameter es-
timates, IAD 530 based upon the physiological data 510.
The parameter estimate or estimates 530 are used to
select one or more data clusters 545 from the physiolog-
ical data reference 540. In one embodiment, the physi-
ological data reference 540 is a collection of predeter-
mined physiological data organized in data clusters. For
example the physiological data reference 540 may con-
tain clinically-derived physiological data organized ac-
cording to corresponding values of a physiological pa-
rameter determined by a "gold standard" instrument. In
a particular embodiment, the physiological data are NP
ratios obtained for various physiological parameters,
such as SpO,, HbCO, HbMet, Hbt, fractional oxygen sat-
uration, bilirubin or glucose to name a few, as measured
with a standardized cooximeter, for example. In one em-
bodiment, the physiological data reference 540 is a non-
volatile memory or other data storage device containing
predetermined physiological data. The confidence meas-
urer 550 uses the physiological data 510 and the selected
data cluster or data clusters 545 to generate the confi-
dence indicator 560, the probe-off indicator 570 or both.
[0014] A confidence measurement and confidence in-
dicator, as described herein, may be combined with other
signal quality and data confidence measurements and
indicators, such as those described in U.S. Patent No.
6,996,427 titled Pulse Oximetry Data Confidence Indica-
tor and U.S. Patent No. 6,606,511 titled Pulse Oximetry
Pulse Indicator, both patents assigned to Masimo Cor-
poration, Irvine, CA. A probe off measurement and probe
off indicator as described herein may be combined with
other probe off measurements and indicators, such as
those described in U.S. Patent No. 6,654,624 titled Pulse
Oximeter Probe-Off Detector and U.S. Patent No.
6,771,994 titled Pulse Oximeter Probe-Off Detection
System, both patents assigned to Masimo Corporation,
Irvine, CA.

[0015] FIG. 6 illustrates NP ratio versus wavelength
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curves computed from a multiple wavelength sensor,
such as described in the U.S. Patent Application titled
Multiple Wavelength Sensor, referenced above. In this
example, the sensor emits eight wavelengths (620, 630,
660, 700, 730, 805, 905 and 960nm). Shown is a low
oxygen saturation curve 610, e.g. = 70% and a high ox-
ygen saturation curve 620, e.g. SpO, ~ 100%. By com-
parison, a conventional two wavelength pulse oximetry
sensor, as described above, results in a single point on
a particular curve. Advantageously, the NP ratio curves
610, 620 represent a tissue profile that can be compared
to a particular sensor response to determine if a physio-
logically significant measurement has been made. Inone
embodiment, the NP ratio curves 610, 620 delineate the
boundaries of a physiologically significant NP ratio region
630. Although described above with respect to SpO,,
suchregions or boundaries can be derived for other phys-
iological parameters such as HbCO, HbMet, Hbt, frac-
tional oxygen saturation, bilirubin or glucose to name a
few.

[0016] FIG. 7 illustrates one embodiment of a physio-
logical parameter confidence measurement system 700
utilizing a NP ratio region such as described with respect
to FIG. 6, above. The confidence measurement system
700 has input NP ratios 710 measured in response to a
multiple wavelength sensor, reference NP ratio region
740 that delineates physiologically significant NP ratios
630 (FIG. 6), and a comparator 750. In one particular
embodiment, the NP ratio region 740 is predetermined
from clinically-derived data for one or more parameters
of interest, such as SpO,, HbCO, HbMet, Hbt, fractional
oxygen saturation, bilirubin or glucose, to name a few.
In another particular embodiment, the NP ratio region
740 is theoretically calculated. The comparator 750 com-
pares the input NP ratios 710 with the NP ratio region
740 and generates a probe-off indicator 770 if any, or
more than a predetermine number, of the input NP ratios
710 fall outside of an NP ratio region 740.

[0017] FIG. 8 illustrates a family of parametric NP ratio
versus wavelength curves 800 computed from a multiple
wavelength sensor, such as referenced above. Each
curve represents a different value of a measured param-
eter, such as SpO,. For example, there may be a curve
for each of = 70%, 75%, 80%,... 100%. Advantageously,
such curves more precisely indicate physiologically sig-
nificant multiple wavelength sensor measurements as
compared to abounded NP ratio region 630 (FIG. 6) such
as described with respect to FIGS. 6-7, above.

[0018] FIG.9illustrates anotherembodimentofaphys-
iological parameter confidence measurement system
900 utilizing parametric NP ratio curves, such as de-
scribed with respect to FIG. 8, above. The confidence
measurement system 900 has input NP ratios 910 meas-
ured in response to a multiple wavelength sensor, a pa-
rameter estimator 920, reference parametric curves 940
and a difference calculator 950. The parameter estimator
920 inputs the NP ratios 910 so as to generate a param-
eter estimate 930, such as SpO,, HbCO, HbMet, Hbt,
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fractional oxygen saturation, bilirubin or glucose, to name
afew. The estimated parameter 930 selects one or more
of the reference parametric curves 940, which are pre-
determined from clinically-derived data that is stored in
memory or data that is mathematically pre-calculated or
calculated in real time and stored in memory. The differ-
ence calculator 950 measures the difference between
the NP ratios 910 and the selected parametric curve 940.
For example, a mean-squared error calculation can be
made between the input NP ratios 910 and the selected
parametric curve 945. The resulting difference calcula-
tion is used as a confidence measure or translated into
a confidence measure and a confidence indicator output
960 is generated accordingly. Alternatively, or in addition
to a confidence measure, a probe off condition can be
indicated if the difference calculation is larger than a pre-
determined value or the confidence measure is less than
a predetermined value. In another embodiment, a corre-
lation calculator is used in place of the difference calcu-
lation.

[0019] FIG. 10illustrates a family of data clusters 1000
shown in two dimensions by way of example. Each data
cluster 1000 represents NP ratios clinically measured
across a population for specific values 1020 of a selected
parameter P, such as P, P,, Pz and P, as shown. Each
data cluster 1000 defines a region 1010 of NP ratios
measured for a particular parameter value 1020 and has
a probability distribution, such as a normal distribution,
over the indicated region 1010.

[0020] Forexample, the clinical data can be organized
as a table of known values of P, corresponding NP ratios
measured over a population, and the relative number of
occurrences of particular NP ratio values for each value
of P. The relative number of occurrences of particular NP
ratio values for a particular value of P yields an NP ratio
probability distribution for that value of P. Thus, each P
value 1020 in the table has a corresponding data cluster
1000 of measured NP ratios and an associated proba-
bility distribution for those NP ratios.

[0021] FIG. 11 illustrates yet another embodiment of a
physiological parameter confidence measurement sys-
tem 1100 utilizing NP data clusters and corresponding
probability distributions, such as described with respect
to FIG. 10, above. The confidence measurement system
1100 has input NP ratios 1110 measured in response to
a multiple wavelength sensor, a parameter estimator
1120, reference data clusters 1140 and a probability cal-
culator 1150. The parameter estimator 1120 inputs the
NP ratios 1110 so as to generate a parameter estimate
1130, such as described with respect to other embodi-
ments, above. In one embodiment, the reference data
clusters 1140, such as described with respect to FIG. 10,
are stored in a memory device, such as an EPROM. The
estimated parameter 1130 is compared with the refer-
ence data clusters 1140 so as to determine the closest
region 1010 (FIG. 10) or closest overlapping portion of
two regions 1010 (FIG. 10). The probability calculator
1150 computes a probability based upon the distribution
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above the selected region 1010 (FIG. 10). A confidence
measure is also derived based upon the calculated prob-
ability 1150. In a particular embodiment, the confidence
measure is the calculated probability. A confidence indi-
cator 1160 is generated in response to the confidence
measure. In one embodiment, if the confidence proba-
bility or the calculated confidence measure is below a
predetermined threshold, a probe-off indicator 1170 is
generated. In particular embodiments, the confidence in-
dicator 1160 or probe-off indicator 1170 or both may be
alphanumeric or digital displays, optical indicators or
alarms or similar audible indicators, to name a few.

[0022] A physiological parameter confidence meas-
urement system has been disclosed in detail in connec-
tion with various embodiments. These embodiments are
disclosed by way of examples only and are not to limit
the scope of the claims that follow. One of ordinary skill
in art will appreciate many variations and modifications.

Claims

1. A method of determining a measure of confidence
in a physiological parameter, the physiological pa-
rameter determined by transmitting multiple wave-
lengths of optical radiation into a tissue site and de-
tecting the optical radiation after tissue attenuation,
the method comprising:

deriving physiological data responsive to the in-
tensity of multiple wavelengths of optical radia-
tion transmitted into a tissue site and detected
after tissue attenuation;

estimating a physiological parameter based up-
on the physiological data;

providing a physiological data reference;
obtaining atleast one data cluster from the phys-
iological data reference; and

determining a measure of confidence in the es-
timated physiological parameter based upon the
at least one data cluster and the derived physi-
ological data;

wherein the physiological data comprises ratios
of normalized plethysmographs (NP ratios),
wherein a normalized plethysmograph is calcu-
lated by normalizing an AC detector response
at a particular wavelength by a DC detector re-
sponse at that wavelength.

2. The method according to claim 1 wherein the pro-
viding step comprises:

predetermining the physiological data for known
values of the physiological parameter across a
sample population;

clustering the data according to the physiologi-
cal parameter values; and

storing the data clusters so as to be retrievable
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according to the physiological parameter val-
ues.

The method according to claim 1 wherein the obtain-
ing step comprises selecting the at least one data
cluster according to the estimated physiological pa-
rameter.

The method according to claim 3 wherein the select-
ing step comprises:

determining at least one data cluster having a
corresponding physiological parameter value
closest to the estimated physiological parame-
ter; and

reading the determined at least one data cluster
from the memory.

The method according to claim 1 or 4 wherein the
physiological parameter is at least one of SpO,,
MetHb and HbCO.

The method according to claim 5 wherein the data
clusters are a plurality of parameteric curves of NP
ratio versus wavelength.

A confidence measurement system (500) compris-
ing:

a plurality of physiological data responsive to
the intensity of multiple wavelengths of optical
radiation transmitted into a tissue site and de-
tected after tissue attenuation;

a parameter estimator (520) configured to input
the physiological data and output an estimate of
a physiological parameter;

a physiological data reference (540) having a
plurality of data clusters (545) corresponding to
known values of the physiological parameter;
and

aconfidence calculator (550) configured to com-
pare the physiological data with the data clusters
(545) so as to calculate a measure of confidence
in the physiological parameter estimate;
wherein the physiological data comprises a plu-
rality of ratios of normalized plethysmographs
corresponding to the multiple wavelengths of
optical radiation, wherein a normalized plethys-
mograph is calculated by normalizing an AC de-
tector response at a particular wavelength by a
DC detector response at that wavelength.

The confidence measurement system according to
claim 7 wherein the parameter estimator (520) com-
prises a value calculation corresponding to at least
one of SpO,, HbCO, HbMet, Hbt, fractional oxygen
saturation, bilirubin and glucose.
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Patentanspriiche

1.

Verfahren zur Bestimmung eines Mal3es fir die Zu-
verldssigkeit eines physiologischen Parameters,
wobei der physiologische Parameter bestimmt wird,
indem mehrere Wellenlédngen optischer Strahlung in
eine Gewebestelle transmittiert werden und die op-
tische Strahlung nach der Gewebeabschwachung
detektiert wird, wobei das Verfahren aufweist:

Ableiten physiologischer Daten ansprechend
auf die Intensitat mehrerer Wellenlangen opti-
scher Strahlung, die in eine Gewebestelle trans-
mittiert und nach der Gewebeabschwéachung
detektiert wird;

Schatzen eines physiologischen Parameters
basierend auf den physiologischen Daten;
Bereitstellen einer physiologischen Datenrefe-
renz;

Gewinnen wenigstens eines Datenclusters aus
der physiologischen Datenreferenz; und
Bestimmen eines Males fiir die Zuverlassigkeit
des geschatzten physiologischen Parameters
basierend aufdemwenigstens einen Datenclus-
ter und den abgeleiteten physiologischen Da-
ten;

wobei die physiologischen Daten Verhaltnisse
normierter Plethysmographen (NP-Verhaltnis-
se) sind, wobei ein normierter Plethysmograph
berechnet wird, indem eine Reaktion eines
Wechselstromdetektors bei einer bestimmten
Wellenlange durch eine Reaktion eines Gleich-
stromdetektors bei dieser Wellenlange normiert
wird.

2. Verfahren nach Anspruch 1, wobei der Bereitstel-

lungsschritt aufweist:

Vorbestimmen der physiologischen Daten fir
bekannte Werte des physiologischen Parame-
ters Uber eine Probenpopulation;

Clustern der Daten gemaf den physiologischen
Parameterwerten; und

Speichern der Datencluster, so dass sie geman
den physiologischen Parameterwerten abrufbar
sind.

Verfahren nach Anspruch 1, wobeider Gewinnungs-
schritt das Auswahlen wenigstens eines Datenclus-
ters gemafl dem geschatzten physiologischen Pa-
rameter aufweist.

Verfahren nach Anspruch 3, wobei der Auswahl-
schritt aufweist:

Bestimmen wenigstens eines Datenclusters mit
einem entsprechenden physiologischen Para-
meterwert, der dem geschatzten physiologi-
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schen Parameter am néchsten ist; und
Auslesen des bestimmten mindestens einen
Datenclusters aus dem Speicher.

Verfahren nach Anspruch 1 oder 4, wobei der phy-
siologische Parameter und/oder MetHb und/oder
HbCO ist.

Verfahren nach Anspruch 5, wobei die Datencluster
mehrere Parameterkurven von NP-Verhéaltnissen
gegeniber der Wellenlange sind.

System zur Zuverlassigkeitsmessung (500), das
aufweist:

mehrere physiologische Daten, die auf die In-
tensitdt mehrerer Wellenldngen optischer
Strahlung, die in eine Gewebestelle transmittiert
und nach der Gewebeabschwachung detektiert
wird, ansprechen,;

eine Parameterschatzeinrichtung (520), die
konfiguriert ist, um die physiologischen Daten
einzugeben und eine Schéatzung eines physio-
logischen Parameters auszugeben;

eine physiologische Datenreferenz (540) mit
mehreren Datenclustern (545), die bekannten
Werten des physiologischen Parameters ent-
sprechen; und

eine Zuverlassigkeitsberechnungseinrichtung
(550), die konfiguriert ist, um die physiologi-
schen Daten mitden Datenclustern (545) zu ver-
gleichen, um ein Maf fir die Zuverlassigkeit der
physiologischen Datenschatzung zu berech-
nen;

wobei die physiologischen Daten mehrere Ver-
haltnisse normierter Plethysmographen aufwei-
sen, die den mehreren Wellenldngen optischer
Strahlung entsprechen, wobei ein normierter
Plethysmograph berechnet wird, indem eine
Reaktion eines Wechselstromdetektors bei ei-
ner bestimmten Wellenldnge durch eine Reak-
tion eines Gleichstromdetektors bei dieser Wel-
lenldnge normiert wird.

8. System zur Zuverldssigkeitsmessung nach An-

spruch 7, wobei die Parameterschatzeinrichtung
(520) eine Wertberechnung aufweist, die und/oder
HbCO und/oder HbMet, Hbt und/oder die fraktionelle
Sauerstoffsattigung und/oder Bilirubin und/oder Glu-
kose entspricht.

Revendications

Procédé pour déterminer une mesure de confiance
en un paramétre physiologique, le paramétre phy-
siologique étant déterminé par émission de multiples
longueurs d’'onde d’'un rayonnement optique dans

10

15

20

25

35

40

45

50

55

un site tissulaire et détection du rayonnement opti-
que aprés atténuation par le tissu, le procédé
comprenant :

la dérivation de données physiologiques sensi-
bles a l'intensité de multiples longueurs d’onde
d’'un rayonnement optique émis dans un site tis-
sulaire et détecté apres atténuation par le tissu ;
I’estimation d’'un parameétre physiologique sur la
base des données physiologiques ;

la fourniture d’'une référence de données
physiologiques ;

I'obtention d’au moins une grappe de données
a partir de la référence de données
physiologiques ; et

la détermination d’'une mesure de confiance en
le parametre physiologique estimé sur la base
de I'au moins une grappe de données et des
données physiologiques dérivees ;

dans lequel les données physiologiques com-
prennent des rapports de pléthysmographes
normalisés (rapports NP), ou un pléthysmogra-
phe normalisé est calculé par normalisation
d’une réponse de détecteur en courant alternatif
a une longueur d’onde particuliére par une ré-
ponse de détecteur en courant continu a cette
longueur d’onde.

Procédé selon larevendication 1, dans lequel I'étape
de fourniture comprend :

la prédétermination des données physiologi-
ques pour des valeurs connues du paramétre
physiologique sur une population échantillon ;
le regroupement des données conformément
aux valeurs du parametre physiologique ; et

le stockage des grappes de données de fagon
qu’elles soient récupérables en fonction des va-
leurs du paramétre physiologique.

3. Procédéselonlarevendication 1, dans lequel I'étape

d’obtention comprend la sélection de I'au moins une
grappe de données en fonction du paramétre phy-
siologique estimé.

Procédé selon larevendication 3, dans lequel I'étape
de sélection comprend :

la détermination d’au moins une grappe de don-
nées ayant une valeur de paramétre physiolo-
gique correspondante la plus proche du para-
meétre physiologique estimé ; et

la lecture a partir de la mémoire de I'au moins
une grappe de données déterminée.

5. Procédé selon la revendication 1 ou 4, dans lequel

le paramétre physiologique est au moins I'un parmi
SpO,, MetHb et HbCO.
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Procédé selon la revendication 5, dans lequel les
grappes de données sont constituées d’une pluralité
de courbes paramétriques de rapport NF en fonction
de la longueur d’'onde.

Systeme de mesure de confiance (500)
comprenant :

une pluralité de données physiologiques sensi-
bles a l'intensité de multiples longueurs d’onde
d’'un rayonnement optique émis dans un site tis-
sulaire et détecté apres atténuation parle tissu ;
un estimateur de parametre (520) configuré
pour entrer les données physiologiques et déli-
vrer en sortie une estimation d’un parameétre
physiologique ;

une référence de données physiologiques (540)
ayantune pluralité de grappes de données (545)
correspondant a des valeurs connues du para-
métre physiologique ; et

un calculateur de confiance (550) configuré pour
comparer les données physiologiques avec les
grappes de données (545) de fagon a calculer
une mesure de confiance dans I'estimation de
paramétre physiologique ;

dans lequel les données physiologiques com-
prennent une pluralité de rapports de pléthys-
mographes normalisés correspondant aux mul-
tiples longueurs d’onde d’un rayonnement opti-
que, ou un pléthysmographe normalisé est cal-
culé par normalisation d’'une réponse de détec-
teur en courant alternatif a une longueur d’'onde
particuliere par une réponse de détecteur en
courant continu a cette longueur d’onde.

Systeme de mesure de confiance selon la revendi-
cation 7, dans lequel I'estimateur de paramétre (520)
comprend un calcul de valeur correspondant a au
moins I'un parmi SpO,, HbCO, HbMet, Hbt, la satu-
ration en oxygéne fractionnée, la bilirubine, et le glu-
cose.
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