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general to pulse oxinetry, and in particular to the
processing of signals generated oy a pul se oxineter. A
pul se oxineter is typically used to neasure vari ous

bl ood characteristics including the bl ood oxygen
saturation of henogl obin in arterial bl ood and the
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Various physiological and/or external factors can adversely impact the
accuracy and/or the reliability of physiological parameters that are estimated by a
pulse oximeter. These undesirable factors are sometimes referred to as artifacts.
Venous pulsation is one undesired artifact in pulse oximetry, and may be caused by a
patient's medical condition.
A It is therefore desirable that a pulse oximetry system be designed
which effectively and accurately detects and/or notifies a clinician of the presence of

venous pulsation.

BRIEF SUMMARY OF THE INVENTION
The present invention provides a pulse oximeter that has the capability
of detecting the presence of venous blood pulsation, or the presence of mixed venous

and arterial blood pulsation in tissue.
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i nvention provides a nethod of detecting the presence
of m xed venous and arterial bl@&od pulsation in

ti ssue. The nethod includes receiving first and second
el ectromagnetic radiation signals froma bl ood
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OXhd¥BliRwith a threshold value to form a comparison; and a module for detecting the

presence or absence of venous pulsation using the comparison.
For a fuller understanding of the nature and advantages of the
embodiments of the present invention, reference should be made to the following

detailed description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of an exemplary oximeter.
Fig. 2 is a block diagram of the signal processing architecture of a

pulse oximeter in accordance with one embodiment of the present invention.



Fig. 2 is a block diagram of the signal processing
architecture of a pulse oxinmeter in accordance with
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exenpl ary x-y, or Lissajous, plots of ACcoupled IR
and Red pul se waveforms pl otted3agai nst one anot her,
showi ng i n-phase (Fig. 3A) and out of phase (Fig. 3B)
IR and Red pul se waveforns. Fig. 4 is aplot of % SpO
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to arterial oxygen saturation. Pulse oxineters and
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%@gﬁ%@é uratio?i’.\IBu sgaéﬁrﬁ&gré arFl senEs§Is| ri\l/l:‘}-fr ll)é\lgmpirically calibrated
by measuring the modulation ratio over a range of in vivo measured arterial oxygen
saturations (Sa0,) on a set of patients, healthy volunteers, or animals. The observed
correlation is used in an inverse manner to estimate blood oxygen saturation (SpO,)
based on the measured value of modulation ratios of a patient. The estimation of
oxygen saturation using modulation ratios is described in U.S. Patent No. 5,853,364,
entitled “METHOD AND APPARATUS FOR ESTIMATING PHYSIOLOGICAL
PARAMETERS USING MODEL-BASED ADAPTIVE FILTERING,” issued
December 29, 1998, and U.S. Patent No. 4,911,167, entitled “METHOD AND
APPARATUS FOR DETECTING OPTICAL PULSES,” issued March 27, 1990,

which are both herein incorporated by reference in their entirety for all purposes. The
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OPTI CAL PULSES, " issued March 27, 1990, which are both
herein incorporated by referencé in their entirety for
al | purposes. Therel ati onshi p between oxygen
saturation and nodul ation ratio is described, for
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pheayefos iimstanen; he 4 iEBIshor130 provi des tim ng control
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mul tiple light sources are used. The recejved signal
i 4iming for the different light sources. TPU 130 also controls the gating-in of signals

from photodetector 114 through an amplifier 133 and a switching circuit 134. These
signals are sampled at the proper time, depending upon which of multiple light
sources is illuminated, if multiple light sources are used. The received signal is
passed through an amplifier 136, a low pass filter 138, and an analog-to-digital
converter 140. The digital data is then stored in a queued serial module (QSM) 142,
for later downloading to RAM 126 as QSM 142 fills up. In one embodiment, there
may be multiple parallel paths of separate amplifier, filter and A/D converters for
multiple light wavelengths or spectra received.

Based on the value of the received signals corresponding to the light

received by photodetector 114, microprocessor 122 will calculate the oxygen
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(QSM 142, for later downl oading to RAM 126 as QSM 142
fills up. In one enbodinment, thére may be nultiple
paral l el paths of separate anplifier, filter and A/ID
converters for multiple |ight wavel engths or spectra
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eyboard or a port praqvi.ding i.n tru tions, froma
5 Abforchrsiy otfer dhited B parAmsisE of

met hods or ah@ct BERrifBon @@aﬂ@&ﬁl ply Pals€ bRinterset forth above,
patient's pul se rate, oxygen saturatl on or any ot her

d esnveems pbasss for dgacnhlngﬁhﬁ: m@o@s formigtecting thie ressues pf vesgus
forth seryve
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bel ow. The enbodi nents of the present invention, which
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ous p |on or m xed venous and arteri al
3385?1?8 “described below in conjunction with the
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present invention nmay_ be i enented as a part of a
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o%‘JIpCO%eS of o‘%%f’alu%g a%[ulsteh)?umeter. Such a signal processing system is shown in
Fig. 2, which is a block diagram 200 of a signal processing architecture of a pulse
oximeter in accordance with one embodiment of the present invention. The signal
processing architecture 200 in accordance with the embodiments of the present
invention may be implemented as a software algorithm that is executed by a processor
of a pulse oximeter. In addition to calculating oxygen saturation and pulse rate, the
system 200 measures various signal metrics that are used to determine filter weighting
coefficients. Signal metrics are things that indicate if a pulse is likely a
plethysmograph or noise. Signal metrics may be related to, for example, frequency (is

it in the range of a human heart rate), shape (is it shaped like a cardiac pulse), rise
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pul se oxi neter in accordance with one enbodi nent of

the present invention. The signél processing

architecture 200 in accordance with the enbodi nents of

the present invention may be inplenented as a software
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low pass filter. Outputs from block 204 include: (1) degree of arrhythmia, (2) pulse
amplitude variations, (3) individual pulse quality, (4) pulse beep notification, and (5)
qualified pulse periods and age.

Block 206 is used to compute signal quality metrics. This block (block

206) determines the pulse shape (e.g., derivative skew), period variability, pulse
amplitude and variability, Ratio of Ratios variability, and frequency content relative
to pulse rate. Inputs to block 206 include: (1) raw digitized red and IR signals, (2)
degree of arthythmia, individual pulse quality, pulse amplitude variation , (3) pre-
processed red and IR signals, and (4) average pulse period. Outputs from block 206
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degree of arrhythm a and individual pulse quality.

I nputs to block 204 are: (1) pré-processed red and IR

signals, (2) Average pul se period, and (3) | owpass

waveforms fromthe | ow pass filter. Qutputs from bl ock
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preprocessed waveforns processed by bl ock 206. The
wevaybfosms ere prhecsbaslseparstely, but with &lnaasa@m f@lteringeweciphytst Whe filtering

el benier R Efe g PR LlsRuc S R CrRER [ e

okalctilagsiastt. near the pulse rate and its harnonics),
W th the ensenbl e averaging filter wei ghts al so
det er m n ed bhhediligrmyse ppniinuoysly|vetirble v@1ghts s sagpleh are rpt to be

\/\% %) V%Sél " n eéQﬂ@Vﬁg@h@ ?o%gf r%épﬁggitggﬁd%tn%s Is set to zero

atg ﬂl)etvlf'tﬂglﬁe@ ECRHES aﬁdlﬂﬁﬁ‘iébv%aﬁip&'s&% 81§11 procesdtd through the signal
appropriate during arrhythma, Red and | R waveforns

apecﬁﬁmélgeethgep ig block tragsithoaggof the sigaakand{qritlag aoggmulated
Weh@hiSof Fifkink (L gre shid®f response times and delays in processing). Too old a

result will be flagged, if good pulses haven't been detected for a while. The inputs to

block 210 include: (1) normalized pre-processed red and IR signals, (2) average pulse
period, (3) low pass filter weights and ensemble averaging filter weights, (4) ECG
triggers, if available, and (5) IR fundamental, for zero-crossing triggers. Outputs from
block 210 include: (1) filtered red and IR signals, and (2) age.

Block 212 represents operations that estimate the ratio-of-ratios
variance for the filtered waveforms and calculate averaging weights. The variable
weighting for the filter is controlled by the ratio-of-ratios variance. The effect of this

variable-weight filtering is that the ratio-of-ratios changes slowly as artifact increases



is del ayed (e.g., approximtely one second) to allow
the signal netrics to be calculated first. The filters
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to be ensenbl e-averaged, then the weighting for the
previous filtered sanples is se to zero in the

wei ght ed average, and the new sanples are still

processed through the signal processing algorithm
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ofinfhiits blogk Rabbivngerighfiltdred IR andRed watdfatmd toecalculate averaged
ratio-of -ratios changes slowy as artifact
i Aetieakatdantnddgnges quickly as artifact decreases.
The subsyst @1@§1 6Fi’«‘%§3ré's§1§t§) 8 QtI(STEQI?ﬁ caICﬂPa!téjgk}%Qn g &fation.
and nor nal exarrp tering 1nt ast
mﬂimramge bslcalatezalgfsmmlralgorﬂhmiamﬁe&le rwdkbratiom codfficients and
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| $in§ |(2)Rﬁﬁgraﬁbn %oa‘f QRAfs, |A§'}/&i ut! ForR bRk 298 hisihe oRyh@V¥aturation
wel ght” i's assigned to the newest ratio-of-ratios

calbwl ation if there is noise present, and a high

wei ght if ng The inputs to block 212
i ncl ude: (1) ?Pfs&%%e?j@gmiﬂbonl R signals and age, (2)
cal i bration gieet Izlsclomsa&s fitBd ahd bndcRsNORGRaFRARe £\iBnd(s)
user speed settlgaf Qut puts from bl ock 212 include

areondiipacst bigblack g2, forhe pakse Eatpidentifivasione Sihearaightpfor the low

The ra ta.b

TPEE AR BitoEpalty 1R sigfiaAtiAhibaPHs. | hedif it
a\epEaraistd a{'élfb%]@l (@His biérivates &eguagis ofiep ﬂhn&ﬁ@sefcﬁ‘@ﬁtem Wear the
operations that cal cul ate oxygen saturation.

Saulpeante end its hamponicshwidh theichsenaile aveyaging fikienwveightsalso
c ade{e?m? 'd%gl s‘i&%ﬁ NGHEBIScI8H66. Less weight is assigned if the signal is

flagged as degraded. More weight is assigned if the signal is flagged as arrhythmic

because ensemble-averaging is not appropriate during arrhythmia. Red and IR are
processed separately, but with the same filtering weights. The filtering is delayed
(e.g., approximately one second) to allow the signal metrics to be calculated first.
The filters use continuously variable weights. If samples are not to be
ensemble-averaged, then the weighting for the previous filtered samples is set to zero
in the weighted average, and the new samples are still processed through the signal
processing algorithm. This block (block 218) tracks the age of the signal and/or the

accumulated amount of filtering (sum of response times and delays in processing).



averaged ratio of ratios. Inputs to block 116 incl ude:
(1) Averaged Ratio-of-Ratios, and (2) calibration
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saturation value. Il. Pulse Rate Calcul ation Bl ock 218
| ow pass filters and ensenbl e a¥Yerages the signal (s)
condi ti oned by bl ock 202, for the pulse rate
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Fi'ltered Pulseldentlflcatlon and alification
c aindodieatiem daftvenqusi psdsation as ais odtpwim Blaek 224 alse prpwdes an IR
%or and |ts result are used o
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average pul se period front_end ID or noise oor

( 42)24amiu €l )kﬁltmacblfedtap stgnslsraad age angd (2) pulss sefes Hutputs from
d eotloc‘i(t 12t4h1501{15\)e %rnlqnd? 8310% o%rvgh&fé pulsation and IR fundamental. In one

embodiment, block 224 measures the “openness” of an IR-Red Lissajous plot to
determine the whether a flag (e.g., Venous_Pulsation) should be set. The output flag
(e.g., Venous_Pulsation) is updated periodically (e.g., every second). In addition, the
IR fundamental waveform is output to the Ensemble Averaging filters.

IV. Sensor Off

Block 226, or the Detect Sensor-Off and Loss of Pulse Amplitude
block, uses a pre-trained neural net to determine whether the sensor is off the surface
of the blood-perfused tissue, for example, of a patient. The inputs to the neural net

are metrics that quantify several aspects of the behavior of the IR and Red values over



Qut put from bl ock 220 includes qualified pul se periods
and age. Bl ock 222, or the Average Pul se Periods and
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and average pul se period. This block (block 222)
receives qualified pulse period) and age as inputs and
provi des (1) average pul se period and (2) pulse rate
as outputs. I1l. Venous Pul sation Block 224, or the
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nored Dy many o e system subsyst ers
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SRR vhRES HAlBGert SBRAE BRIJd fdiH ba&@&ih®lp and pooling. Venous pulsation

may be caused by the patient’s medical condition, or during surgical interventions that

interfere with venous return. The effects of venous pulsation may include: 1) oxygen
saturation (e.g., SpO,) readings reflecting a mix of venous and arterial blood, which
would be substantially lower than the arterial oxygen saturation, thus resulting in
incorrectly low oxygen saturation measurements, and 2) pulse rate readings that are
double or even triple the patient’s pulse rate, due to the prominent harmonics in the
venous pressure wave. In addition, in extreme cases, it is possible that an oximeter
would fail to acquire oxygen saturation and/or pulse rate measurements.

Unlike motion artifacts that may not be present at all times, (e.g., they
come and go), venous pulsation can continue uninterrupted for hours. While the side

effects of venous pulsation are highly visible to the clinician, their cause may not be.
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applying pressure to the site, such as with a
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A R RgR B e S s S R4 ARERR 983 Blauency content s

Th@stable, and not as persistent as the venous pulsatlon 1nduced phase difference.

A waveform that is better suited for detecting phase differences
between IR and Red waveforms is one that that contains just the waveform
corresponding to the fundamental of the pulse rate, such as may be produced by an
appropriate filter. Such a waveform is better suited for detecting phase differences
between the IR and Red waveform that are of vascular origin.

In one embodiment, the detection of the presence of venous pulsation
involves detecting persistent phase differences between the IR and Red waveforms.

As set forth above, preferably the detection of the phase difference, involves the
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and Red waveforns that have been
the user, clip the integral at pre-determined high and/or low limits, and report

venous pulsation whenever a predetermined integral threshold in between the
high and/or low limits is exceeded.
25 The description below, discloses how the “how open is the ellipse”

metric is quantified. The metric is quantified as follows:

Open_Lissajous_Axis_Ratio; =
min(([R? +Red}),(IR}, +Red?))..(IR} ., +Red?,..)
max(IR?, IR, IR . y..)

30
Where IR and Red refer to waveforms that have been processed per step 1 above, and
N denotes the number of samples in the time-window.
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are described bel ow. Using one or a conbination of

t hese techni ques, one enbodi ment3 of the present

invention for detecting the presence of venous

pul sation includes an algorithmthat will: 1.

AC-couple the IR and Red waveforns, and preferably

filter them 3 j
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cal cul at ed PRBuschiBig @ﬁﬁﬁn&ﬁﬁ@ﬂaﬁﬂﬁﬁbﬁ?tlt ARy bs fIRER, clipped and
likely to be occurring if high SpO val ues are being

c amt@gna@déa@forabemg ugedstoramgounce ﬂ@@mempe Roebscaeryofrenouspulsation.

p on, REL I A clip
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and repfrt venous pul satl on wb@@gver a predeterm ned 10}
afip s 4 ogto’ |

hdilt tQpeen" Bissaj oo emxzs Ratibe MeT Opprs dissajovs_idsisi Batio+ (1-w) *

qqamt(pljehegssam ,11555 Ragio" S quantified as foll ows:

Open_Ligg: d RbmonYsdfdlaBand Red refer to
nay *@}5 o Jggé ngsnnap&%ﬁggg R, saj%kfeb&s H0YL03)
ﬁffé‘&(fskﬁg’ifﬁ’é" T oy (hog, 60 ks s ‘f’f"&“t“’g'%)o/i‘?%ut ed

péfreﬂ%L_gaISPyOl( ntggra e-\,eqnyus Pulsation_Integral' +
Filt Open_Lissajous_Axis_Ratio —

Open_Lissajous_Threshold
Venous Pulsation_Integral = min(2.0, max(0, Venous_Pulsation_Integral)),

where:

Saturation is the oxygen saturation value.
Open_Lissajous_Threshold is the threshold defined above in step 3 of the algorithm.

In one embodiment, using the above approach, venous pulsation is
reported if Venous_Pulsation_Integral is at least 1.0.

The threshold and weights in the above equations are developed
empirically, and may change depending on various conditions. It is preferred that this
venous pulsation detection algorithm has a response time of tens of seconds,
depending on how rapidly the integral changes. This response time is adequate for

the clinician’s needs, as the body positions and circulatory conditions that create



second) fromthe nost recent tinme w ndow (e.g., four
seconds) of data. It therefore covers a w ndow of
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four-second wi ndow) assures that the wavefornms have

mul ti pl e pul se periods in whichl4o come close to the
origin if the waveforns are actually in-phase. An
alternate enbodi nent of this netric involves only

u t ' d ] [ [ :

o o By g LR B3 s
miHowaventdheresporse timescanbechengstl to hepommedaéd bkely changesin body

saturations., where the Red npdul ation is_|arger han .

- Dontighe P ety ‘BaoRtRtBarirts SPhsS pufalEt pub Rpsor site
noi sy, it may aBeitibhhé He@Eohniduereadibea dbdvd 8 gaiRdying a phase
bef ore being used to announce the presence or absence )
ofdifferaaees meny shemmative tEpkniqudstod dptaefingd Pepisient plage difference in

k%?%@ﬁ@hf"ﬁ?@@g jpg?efé%ki%?egn?iﬁgt%:regﬁ\sl\? g\%?lgblteh ¥hi instance, the phase

Oiefferbh S APHS guibitiFieRdY aBaly2inghe cross-correlation function of the two
Filt _Open_Lissajous Axis Ratio' where ' denotes the

v avayeforms g5 ahenciien oh @ dglgy interval between them. Or the phase difference

Fi | t . ' ' .05 .

PR R0 STt Bl g phes o
Opfivefdrts af & gised Hifega&ialyd Grigaxdylio @0btrddt e phabestoftwo complex
(Saturation-90% ) Venogus_ Pul sation Integral =, ) )
vawmbstsputhawt havingfo daeaily cqmpyte myErse tiganomstdc fctions, is by
at.i0- i i - A . .

5 RT3, U HH Bty e gy o e mamides,
Veiltetnati Rell separsistehtplege-differencatneayche dsédctadadtiadrarmenit lo€ the pulse

oxygen saturati.on val ue. n_Lissajoug _Threshold is
t HElC MR AP TR FPROEAEBRR fua lﬁL#E{‘%ﬁ"’%m f the
al gori thm 'P?%.Qf,‘%vlﬁ‘éﬁ’ﬁq,!arBiS‘t_t3OOlb?"’/QS?te)g@is.?lkiﬁl‘ée{hr.:min.:sec.)

approach, venous pulsation is repor
VeshowigRerisds ofovenbns pyjsationi dmiriag noanetia in @ Tréfidelenburg position

t hreshol d and.wei ghts in t.he ove.equati.ons are .

aduen b s SRS 1 obSating e NEisGa: HBRG phisFyis angles so
VahdtASp PR KicRAShar theihSaduéBdirfify dndaiiftel Bp&atiGRQH $he pelvis or
pul sati’on detection algorithmhas a response tine of

t dosshofk)sthows dlaat the method in accordance with the embodiments of the present

invention detects all four episodes of venous pulsation created by deliberately placing
a normoxic volunteer in a Trendelenburg position. The first three episodes 402, 404,
and 406 were created without a headband, and venous pulsation was detected in 15-25
seconds. The final episode 408 was created with a headband in place, so that venous
pulsation developed more gradually and was announced in about one minute.

A pulse oximeter having a venous pulsation detection and notification
system in accordance with the embodiments of the present invention is able to
identify and notify a clinician of a majority of the low (e.g., 80s-low 90s) SpO,
readings as those possibly caused by venous pulsations, so that a clinician can take
appropriate corrective measures, such as tightening a headband that holds an oximeter
sensor against a patient's forehead. Likewise, a pulse oximeter having a venous
pulsation detection and notification system in accordance with the embodiments of

the present invention is able to, during a desaturation event (i.e. SpO; less than 50%)),



dependi ng on how rapidly the integral changes. This
response tinme is adequate for the clinician's needs,
waodshe7dedy positions and circul atory conditi eas/ushas/007407
createvenous pul sation at the sensor site are not
likely to change nmuch faster th#&n this. However, the
response tinme can be changed to acconmodate |ikely
changes in body positions and/or circulatory
capai b ' SR Oadhud 3 elinifan b
S ApEby 20 3n RACarich S0 S G HeIsaRth SRk M thud i 53 Blan be
guatdin that thg desqitnasion N feflesvenice, many al ternative
techni ques of detecting.g. persisten hase .di.ff.erence
in accor dancAéCWdqug e “ﬁﬁé@élﬁaerﬁtﬁf?@h?'i eé?fgkl |18 dhe art, the
aé?és!eﬂ?ﬁ@eéltigﬂ kvhidhSik 315@d t BEeRRRIBe PlekdRE 8P GEndIRY: Biixed
quantified by analyzing the cross-correlation function
5 ofvendus ahdvartevaal dlandrsilsasion if tissue,ingay bef ensbadleddain dtimrepecific forms
between . them O the ph difference ma e .
R depe g e e es R AT CL PR by PSP g% dile the
pg?e%&ﬁ AfbotitRetON S V8B dedcriBedinan tifcedneie VirefBhcyiBased
to subtract the phases of two conplex nunbers,” wi thout
haneithmgls tare eljusBy rdlgvanbieghe embpdiatests afftheypressnd ikveation.

fuyncti.ons, 4sS-by taki.n hei r. GaAni o
DS i BB RO ARk APt of
10 akieaicBps bMAL nvedtifg mish Bkt PRASL (it follewmaatainBy be
detected at a harnonic of the pulse rate, in place of,
or in conbination with its fundanental. Fig. 4, which
is s aplot 300 of % Sp2 vs. Tinme (hr.:mn.:sec.)
showi ng peri ods of venous pul sation during nornoxia in
a Trendel enburg position (i.e., a supine position on
the operating table, which is inclined at varying
angles so that the pelvis is higher than the head;
used during and after operations in the pelvis or for
shock) shows that the nmethod in accordance with the
enbodi nents of the present invention detects all four
epi sodes of venous pul sation created by deliberately
pl aci ng a nornoxi c volunteer in a Trendel enburg
position. The first three epi sodes 402, 404, and 406
were created w thout a headband, and venous pul sation
was detected in 15-25 seconds. The final episode 408
was created with a headband in place, so that venous
pul sation devel oped nore gradually and was announced
i n about one mnute. A pulse oxineter having a venous
pul sati on detection and notification systemin
accordance with the enbodi ments of the present
invention is able to identify and notify a clinician
of a mgjority of the low (e.g., 80s-low 90s) SpO



readi ngs as those possibly caused by venous
pul sations, so that a clinician can take appropriate
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that holds an oxi neter sensor against a patient's
forehead. Likew se, a pul se oxiléeter having a venous
pul sati on detection and notification systemin
accordance with the enbodi ments of the present

| VG R to, during a desaturation event
(r—e—iggggéégggbgﬁan 509 , not provide an indication of
a venous pul sation event, and thus help a clinician be
certain thatl. t he Almstiodiofdeioetingsthe padserogarfmixed venous and

Ac be under st ood by those of skil

i ﬁl%{"rl“?jlbgcgldyp"tlﬁg%?léégﬂ? SOMPESM8on which is related to

det ecting t Q&:eﬂﬁﬁ?ﬁf&@ EndiecHRd Plestr&thaghcti€ eV AT ndfrom a
arterial bl ood sation is tissue, may be enmbodied in

obleed p@pfemdftnsgucf pattien epresponding painfiareyl andsed wawelengths of light;

essenti al ch terlstlcs i

the pr ecent SEIIORE heedls of APhER T ERs HBRBeid s fna
tbé%nd%[&trﬁma%ﬂ&ﬁ&@cﬁ@ﬂmbﬁgﬂls nmet hods are equal l'y

rel evant to t enbodi nents of the present invention.

Accor di ngl y,comn@mgﬁaé@mewglr@wst@adhxwholdé/aluﬁtt@ffa*éua g@ynparison;
[ lustrative, but not limting, of the scope of the
|r% ntion, which is set forth in the follow ng

cl ai ms. WHAT deRctiiigNhbhEstiSe ok.abdenge bfiochont pdBateat nsige said
t he presence of m xed venous and arterial blood
PEPHREIAA- i n tissue, conprising: receiving first and

second el ectyr omagRet} Gnd@st @LikPT 1&9@6& plSATERCHLOR first

perfused tissue portion correspondin to In are
r and vevoad ehgtrbiwagdietic mghauomﬂmgmﬂsnbafgreaaldaﬂxtammgcsﬁldaneasure to
phase differ ence bet ween ?iﬁlld first and.,second
tSF‘Eﬂ’i‘

¢ Pé@t@é%%&r?é@?’é r GHameEnsis FadiAtioR Siggly having
g‘ﬁ% gérﬁ:léé" at Br ﬁ‘ea&l i, Hte\R s Acd R BulkOFRALF $8blood

etecting t resence or absence of venous
pbﬁe&eddrssum ng said conparison. 2. The method of
cI aim1l further conprising filtering said first and

e o oL STIEUL G QUbCT Sl B gy o

a@ﬁa&&ﬁﬁa@n@é l%ﬁvééifmﬁfst nd @dbid Eledtrdihgpmetic rddeationignals
frequencies at or near the pulse rate or harnonics of

t leemptisesebtainiag efmenging of b petsistent phase difference between said first and

second electromagnetic radiation signals.

4. The method of claim 3 wherein said obtaining a measure of a
persistent phase difference comprises integrating said measure of a phase difference

over a time period.

5. The method of claim 1 wherein said obtaining a measure of a
phase difference comprises obtaining a measure of the openness of an ellipse on a
Lissajous plot formed by comparing the first electromagnetic radiation signal against

the second electromagnetic radiation signal.

6. The method of claim 1 wherein said obtaining a measure of a

phase difference comprises analyzing a cross-correlation function of said first and



perfused tissue. 3. The nmethod of claim1l wherein said
obt ai ning a neasure of a phase difference between said
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conprises obtaining a nmeasure of a persistent phase

di fference between said first ald second

el ectromagnetic radi ation signals. 4. The nethod of
claim 3 wherein said obtaining a nmeasure of a

PEEInT R oﬁﬁgﬁ&icdﬂaﬁifaﬁ&?ﬂgﬁalﬁ%%rﬂlﬁcﬁﬁn! JHaQidlatihfeBvai BLieen
measure of a phase difference over a tine period. 5.
Thizenmet hod of claim 1 wherein said obtaining a neasure

of a phase difference conprises obtaining a neasure of

t he openness, of el lipse-qn a.Li,ssaj ou ot forned

by conpari n?'t he eﬁg?thgc?%fcﬁ?’l%%lgﬁlﬂ& Sarlia}?% ng 2 mcasure of 2
SipHaRl difeRh B sorhhieses & Grterel dotnaaBamRls md'sabiraitinghe phases of
signal. 6. The nethod of claim.1 wherein said
olstidifirstrapdseepndsleciropragnctisiadiation sigasls ate TedHPEY ses

anal yzing a cross-correlation function of said first
andsecond elgctr ] L.ab | i

Flncti on of 5 del iy apafof Tl valteeth pIR ftyrfipd the phases of
nmehid dttstafn dakeond electtoatagheticsradidtion sizhals ngmarisasasking thefcomplex
a phase difference conprises a frequency damain e .
afamipgnts of seid itand seGong © eﬁ@%ﬁ&%ﬂé@ Tefialdon ¢enals.gpd ghdding said

< , . o e _
¢ PRy g RRARE DL ATRY AL SRR P e and sccond

s ghictraniapmgictrhdiatitasiesalaf said first and second

el ectromagnetic radiation signals conprises taking the
conpl ex conjugat e_of sai i.rst_and second,, . .

el ectromagnetic r ilﬁ?tﬁ%‘ﬂoé‘?lﬁ'ﬂbi &?165%5%?\9]0@%%%8}68% ofa
C ORI FERALSISFhSHRY oBt'élﬁm{g Qtmeadie bIEpiARs Aiffdtei@® 20br near a

said first and second el ectromagnetic radi ation
sifgmdanent pulsh eateref saddiblopd pedisedtisgeer ei n sai d
obtai ning a neasure of a phase difference conprises

e R L L

near a funda

t iphsdeadiffdfencd bempridel obtatifingdatd Medsued of £pliase difference at or near a
obtai ning _a neasure _of a phase difference conprises

otbermenin gt 8 aplse rate ofiyadd blpgépﬁlﬁ'é%eé t§P4% er ence at or

near a
11.  The method of claim 1 wherein said obtaining a measure of a

phase difference comprises obtaining said measure of a phase difference at or near a

fundamental or at or near a harmonic of a pulse rate of said blood perfused tissue.

12.  The method of claim 1 further comprising providing a

notification of the presence of venous pulsation.

13. A device for detecting the presence of mixed venous and
arterial blood pulsation in tissue, comprising:

means for receiving first and second electromagnetic radiation signals
from a blood perfused tissue portion corresponding to infrared and red wavelengths of
light;

means for obtaining a measure of a phase difference between said first

and second electromagnetic radiation signals;



harnmoni ¢ of a pul se rate of said bl ood perfused
tissue. 11. The nmethod of claim1l wherein said
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obtai ning sai d neasure of a phase difference at or
near a fundanental or at or neal8a harnonic of a pul se
rate of said blood perfused tissue. 12. The nethod of
claim1 further conprising providing a notification of

t he presenceyofns Y6 tualiil Sak nsurbvittts SRUhSRI xtaque to form a
detecting the presence of m xed venous and arteri al

blcongpagisdns atd on | n tlssue conprising: nmeans for

receiving first S %‘flectroma netic sadi atj | o0
signals fr orﬂ"%ﬁnﬁ odc? eﬁﬁ RICTEE 5ERSS Qfyenous pulsation using
cgafrdeb%p[gﬁﬁgm to infrared and red wavel engt hs of

light; neans for obtaining a neasure of a phase

di fference between said first and second

el ectr omagne1t41 c rEgidevicsef §1a§ﬁdl3§?uﬁb%frﬁ9nﬂ3@ﬁm6@n@mf icapfigured
sghdg lafd 5{ E}ICPSCE&* @:l‘e ] e\g?xeﬁ'cerat atlogr %elr? beefore obtaining

conmpari son, nmeans

aba@ngeasofe, mupomuhsat sawmss mﬁtgs@andielemﬁagmﬁa radldtion
The device of claim 13 furt er conpr|5| ng a fil
c SRl heEmeisquenqiesst on gear Angpylss wie erhirgignishal the ‘pulse rate of

elsﬁ?ﬂl@{}?ﬂe@ﬁké&tlgsﬁg' ation signals before obtaining

to pass portions of said first and
second el ectromagnetic radi ati on signals having
frequenci es It orTheakvictlof claithd8 wlaetrfeineaidhmamsrﬁcbra&)taiﬁinga

the pul s sai | ood f tis

TR G S TS B AL AL AR S4eBR B P RpgptG radiation
RASUIsrOEorfti RSB Fhthind{ L R RS W@ﬁet‘é@teﬁt Hidse HifBRehce
second el ectromagnetic radiation signals are

c befwagnrseid firstandtseednd chegtromagastis rrdivtion sigealsi st ent

phase difference between said first and second

el ectromagn c r@adi atian 16. e devi f .
cl ai m 15 andter n DGV ELAE T Sthetrh shy e S pprimipe o
a nikQk e o @ Hersidiaf philleldifFerencecongifiRet AR EngMARBedrMing said measure
| nt egr ating said neasure of a phase difference over a
o8 phage d;gference over a time period.
17.  The device of claim 13 wherein said means for obtaining a
measure of a phase difference is configured for obtaining a measure of the openness

of an ellipse on a Lissajous plot formed by comparing the first electromagnetic

radiation signal against the second electromagnetic radiation signal.

18."  The device of claim 13 wherein said means for obtaining a
measure of a phase difference is configured for analyzing a cross-correlation function
of said first and second electromagnetic radiation signals, as a function of a delay

interval between them.

19.  The device of claim 13 wherein said means for obtaining a
measure of a phase difference is configured for a frequency domain analysis and for
subtracting the phases of said first and second electromagnetic radiation signals at a

frequency.



17. The device of claim 13 wherein said neans for
obt ai ning a neasure of a phase difference is

woaodsi)guwed for obtaining a nmeasure of the opeRAEAS25/007407
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an ellipse on a Lissajous plot forned by conparing the
first electromagnetic radi ati onl®i gnal against the
second el ectromagnetic radi ation signal. 18. The
device of claim 13 wherein said neans for obtaining a

measure of gophasgedelice o€ Bman 15 vaRAlH géilgi %aﬁg fofr_ subftracting the

anal yzing a cross-correlation function of sai irs

aptiasee ob sald irss end eerayd electromaghcticiradiatsdngfignals isgonfigured for

function of del ay Jnter.v. between them 19. The.. ..

adiite B cOemplpesoneals i ri Tt porrecng P onbagtiy Hgiagion
NRRSHLCarfd ditidRibAREA] inlex S&ﬁ%gdt@by“ el groduice of e fmanitudes of said
frequency domain analysis and for” subtracting the

piastewd sécondieteciromagnelicdadisdomsigedlsct r omagnet i ¢

radi ati on signals at a frequency. 20. The devi ce of

cl ai m 19 wherein [ I .Act:|

of said firgﬁ'an sé@gﬁg%gﬁgéﬁ}8§§§%éﬁg%h%%ﬁ%gﬁFgﬂaiﬁﬁga

S ingHagi® oif 8 phestfdiffericfet i @onfigired Gridderigiagpiie measitie watphase

of said first and second el ectromagneti c radi ation )
sidifireace a4 QENeAT @ tamdrgneaial @r alprdicaxa Bynomifeler Bisq yate of said

p g gni tudes of said first and second
e%gg#ﬁ%ﬁgéﬁ%gﬁgg?adiation signals. 21. The device of
clai m 13 wherein said nmeans for obtaining a neasure of

a phase dif f22r enheidevicoof tlgim 48 fldher chinaiising gnepas for providing

measur.e of hase difEerence t.or near a fundanent al
ol né‘flﬁﬁ?tl%’e%rt SPYEFTB R Xewsau‘%aﬁl% rate of said bl ood

‘perfused tissue. 22. The device of claim 13 further

conprising nmeans for providing a notification of the
presence of venous pul sation.



