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PULSE OXIMETER PROBE-OFF
DETECTION SYSTEM

REFERENCE TO RELATED APPLICATIONS

The present application claims priorily benefit under 35
US.C. § 120 to,andis a divisional of, U.S. patent applica-
tion Scr. No. 09/595,081, filed Jun. 16, 2000, nowU.S. Pat.
No. 6,526,300, entitled “Pulse Oximeter Probe-Off Detec-
tion System,” which claimspriority benefit under 35 U.S.C.
§ 119(e) from U.S. Provisional Application No. 60/140,000,
filed Jun. 18, 1999, entitled “Pulse Oximeter Probe-Off
Detection System.” The present application also imcorpo-
rates the foregving utility disclosure herein by reference.

 

BACKGROUNDOF THE INVENTION

The present invention relates to optical probes that can be
attachedto the finger, tac, or appendage of a paticnt. More
particularly, the present invention relates to devices and
methods for identifying when a probe has becomedislodged
from apatient.

DESCRIPTION OF THE RELATED ART

Oximetry is the measurement of the oxygen status of
blood. Early detection of low blood oxygenis critical in the
medical field, for example in crilical care and surgical
applications, because an insufficient oxygen supply can
result in brain damage and death in a matter of minutes.
Pulse oximetry is a widely accepted noninvasive procedure
for measuring the oxygen saturationlevel of arterial blood,
an indicator of oxygen supply. A pulse oximetry system
generally consists of a probe attached to a patient, a monitor,
and a cable connecting the probe and monitor.
Conventionally, a pulse oximetry probe has both red and
infrared (IR) light-emitting diode (LED) emitters and a
photodiode detector. The probe is typically attached to a
paticnt’s finger or toc, or a very young paticnt’s foot. For a
finger, the probe is configured so that the emitters project
light through the fingernail, the arteries, vessels, capillaries,
tissue and bone. ‘lhe photodiode is positioned opposite the
LED so as to detect the LED transmitted light as it emerges
from the finger tissues.

The pulse oximetry monitor (pulse oximeter) determines
oxygen saluration by analyzing the differential absorption by
arterial blood of the two wavelengths emitted by the probe.
The pulse oximeter alternately activates the probe LED
emitters and reads the resulting current generated by the
photodiode detector. ‘This current is proportional to the
intensily of the detected light. The pulse oximeter calculates
aratio of detected red andinfraredintensities, and an arterial
oxygen saturation value is empirically determined based on
the ratio obtained. The pulse oximeter contains cireuitry for
controlling the probe, processing the probe signals and
displaying the patient’s oxygen saturation and pulse rate. A
pulse oximeter is described in U.S. Pat. No. 5,632,272
assigned to the assignee of the present invention.

SUMMARY OF THE INVENTION

The present invention provides a oumber of improve-
ments that can be incorporated into a pulse oximeter probe
to deteet when a probe has becomedislodged froma patient
and/or to prevent a probe-off condition. A probe-off condi-
tion occurs when the optical probe becomes partially or
completely dislodged from the patient, bul may continue to
detect an AC signal within the operating region of the pulseoximeter.

10
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In one aspect, the present invention provides a number of

electrical contacts that contact the skin of a patient when the
robe is properlyattached. ‘The pulse oximeter can check the

continuity through the contacts to determine whether the
robe is properly attached. If the probe is not properly

attached, the pulse oximeter can identify a probe-off condi-
tion even though the oximeter measures an AC signal that
appears like the probeisstill attached.

In another aspect, the present invention provides a num-
ber of louvers placed in front of the probe’s photodetector to
filter out oblique light rays that do not originate from a point
in frontof the detector. If the probe becomesdislodged,the
emiller will not likely remain in front of the photodetector.
If the emilter and photodetector are not properlyaligned, the
photodetector will not praduce a signal within the valid
operating range of the pulse oximeter. The louvers prevent
ight from an oblique angle from reaching the photodetector
and creating a false signal that might be interpreted by the

nuse oximeter as a physiological signal. Accordingly, the
use oximeter can determine thal a probe has become

dislodged when the photodetector does not produce a valid
signal. Furthermore, probc-off conditions can avoided since
oblique light rays are not able to reach the photodetector to

roduce an apparently valid signal.

 
BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like referenee
numbers represent corresponding components throughout:

FIG. 1 illustrates a schematic of one embodiment of a
pulse oximeter system;

FIGS. 2A-B depict an optical probe and the attachment of
the optical probe on the fingertip of an adult paticat;

FIG. 3A illusirates a schematic of a pulse oximeter sysiem
that incorporates electrical contacts to the skin of a patient,
in accordance with one embodimetof the present invention;

TIG. 3B illustrates a perspective view of anoptical probe
incorporating, electrical contacts to the skin of a patient;

FIG. 3C illustrates a schematic of one embodiment of a
pulse oximeter systemthat incorporateselectrical contacts to
the skin of a paticnt;

FIG.3D illustrates a schematic of a preferred embodiment
of a pulse oximeter system that incorporates a number of
electrical contacts lo the skin of a patient;

FIG. 3E depicts a generalized schematic of a pulse
oximeter that incorporates another embodimentof a contact
on a pulse oximeter probe;

TIG. 3F depicts a perspective view an optical probe
incorporating the embodiment of FIG. 3E;

HIG. 3G depicts a generalized schematic of a pulse
oximeter system that incorporates another embodiment of a
contact sensor in accordance with the present invention;

TIG. 311 depicts a perspective view of an optical probe
incorporating the contact sensor of FIG. 3G;

FIG. 4 illustrates a probe that has become unfastened;
TIG. 5A illustrates a probe wherein a number of louvers

are placed in front of the detector assembly;
FIG. 5B illustrates a properly attached probe wherein a

number of louvers are placed in front of the detector
assembly;

FIG. SC illustrates a top plan viewofa preferred embodi-
ment of a probe wherein a numberof louvers are placed in
front of the detector assembly

TIG. 6 illustrates a flow chart of the methodof detecting
a dislodged prabe.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

‘To compute peripheral arterial oxygen saturation, denoted
Sp,0., pulse oximetry relies on the differential light absorp-
tion of oxygenated hemoglobin, HbO,, and deoxygenated
hemoglobin, IIb. This differential absorption is measuredat
the red and infrared wavelengths of the probe. In addition,
pulse oximetryrelics onthe pulsatile nature of arterial bload
to differentiate hemoglobin absorption from absorption of
other constituents in the surrounding tissues. Light absorp-
tion between systole and diastole varies due to the blood
volume change from the inflow and outllowofarterial blood
al a peripheral tissue site. The tissue site might also comprise
skin, muscle, bone, venous blood,fat, pigment, cte., cach of
whichabsorbslight. Blood oxygensaturation measurements
are based uponaratio of the time-varying or AC portion of
the detected red and infrared signals with respect to the
time-invariant or DC portion. This AC/DC ratio normalizes
the signals and accounts for variations in light pathlengths
through the measured tissue.

As reproducedin FIG. 1, a schematic of one embodiment
of a pulse oximeter system 100 is disclosed in U.S. Pat. No.
5,758,644(the *644 patent), assigned to the assignee of the

resent application and incorporated herein hy reference.
‘The system 100 comprises a pulse oximeter 140, which is
attached through a connector 142 to a probe 110. The probe
110 comprises a first LED 112, a second LED 114 and ahotodetector 116. The first and second LEDs 112 and 114
are connected back-to-back and share a commonelectrical
connection 118. The photodetector 116 has its ownelectrical
connection 122. Hach of the LEDs 112 and 114 and the

hotodctector 116 are connected at their outputs to a com-
mon groundelectrical connection 130. ‘The two LEDs 112
and 114 are preferably configured to produce different
wavelengths of light, which pass through the flesh of a

alient to be detected by the photodetector 116. The oxime-
ter 140 can select the LED to be driven by applying either
a positive or negative voltage to the connection 118. A
coding resistor 132 has a resistance that can measured bythe
ulse oximeter 140 to determine the particular characteris-

tics of the probe 110. The coding resistor 132 is coupled in
arallel with the first LED 112 or the second LED 114. The

resistor 132 can be usedto indicate the operating wavelength
ofthe first and second LEDs 112 and 114,or to indicate the
type of probe. In order to read the coding resistor 132, the
ulse oximeter 140 drivesthe first LED 112/codingresistor

132 combinationat a level that is low enough that the LED
draws insignificant current. At this level, significantlyall of
the current flows through the coding resistor 132 and thepulse oximeter 140 can determine the value of the resistor in
accordance with Ohm’s law. By configuring the coding
resistor 132 in parallel with one of the LEDs 112, 114, the
added expense of an additional lead connecting the pulse
oximeter 140 to the probe 110 can be saved.

One embodimentof a disposable probe for use with pulse
oximetry systems is disclosed in U.S. Pat. No. 5,782,757,
assigned to the assignee of the present application and
incorporated herein by reference. FIGS. 2A—B depict the
optical probe 202 and the attachment of the optical probe
202 on the fingertip 254 of an adult paticnt. The disposable
optical probe 202 is designed to fit comfortably onto a
patient's fingertip. As illustrated in FIG. 2A, the probe 202
includes a central portion 204, a pair of adhesive Manges 205
extending from the central portion 204, a connector portion
210 situated between the flanges 205, and a pair of smaller
adhesive flaps 215 extending fromthe central portion 204 on

 

4
the cod of the optical probe 202 opposite from a connectar
tab 210. The probe 202 further includes an emitter aperture
220 with a numberof emitters (e.g., a light-emitting diodes)
positioned within the central portion 204 close to the con-

5 neclor portion 210,anda detector aperture 230 which allows
light to pass through the detector aperture 230 to a detector
assembly 235. An adult fingertip 250 is shown in phantom
in FIG. 2A to illustrate the position at which the fingertip 250
is placed when the probe 202 is to be fastened onto the
fingertip 250 for use. Although not depicted specifically in
FIGS. 2A-2B, the probe 202 is typically fabricated from
multiple layers.

FIG. 2B illustrates the probe 202 fastened onto the
fingertip 250. As shown in FIG. 2B, the probe 202 folds to
conformto the very end of the fingertip. The adhesive Haps
205 fold downward (in the illustration of FIG. 2B) to wrap
around the fingertip 250 while the adhesive flaps 215 fold
upward (in the illustration of FIG. 2B) about a portion of the
circumference of the fingertip 250 to provide support. As
shown in PIG. 2B, when the probe 202 is folded about the
fingerlip 250, the emitlers located within tbe probe are
spaced opposite the detector assembly 235 such that light
from the emitters passes through the emitter aperture 220,
through the finger 250 and is incident upon the detector
assembly 235 through the detector aperture 230.

FIG. 2B depicts a receiving connector portion 260) which
engages with contacts 252 on the connector 210 to provide
an electrical connection between the optical probe 202 and
the pulse oximeter 140. Once the optical probe 202 is
securelyfastened to the fingertip 250 and the connector 210
provides an electrical connection betweenthe optical probe
202 and digital signal processing circuitry, signals are
detected from the detector 235 and transmitted to the pra-
cessing circuitry via the connector 260.

10  
A. probe-off condition occurs when the optical probe

becomes partially or completely dislodged fromthe patient,
but continues to detect an AC signal within the operating
region of the pulse oximeter. Probe-off errors are serious
because the pulse oximeter maydisplay a normalsaturation
when, in fact, the probe is not properly attached to the
patient, potentially leading to missed desaturation events.
Failure to detect a probe-off condition is the result of the
probe detector reeciving light directly from the cmitters
without transmission through the patient's tissue.

Asillustrated in the schematic of FIG. 3A,afirst aspect
of the present invention involves an optical probe 202 which
incorporates a numberof electrical contacts 341 and 342 that
make contact to the skin of the patient when the probe 202
is properly secured.In order to detect a probe-off condition,
a probe-off detector module 138 of the pulse oximeter L40
periodically applics a voltage across the contacts 341 and342 ordrives a current. A non-zero current indicates that the
patient’s skin 344 has closed the circuit between the contacts

55 341 and 342 and the probe 202 is properly secured.If the
probe becomesdislodged, the patient’s skin 344is no longer
be in contact wilh the contacts 341 and 342, resulting in an
open circuit.

40

FIG. 3B illustrates one preferred embodiment of an opti-
cal probe 202 incorporating one embodimentof the present
invention. The present embodiment incorporates a first clee-trical contact 341 and a second electrical contact 342 in the
surface 306 of the central portion 204 of the probe 202. The
electrical contacts 341 and 342 are positioned in a location
such that contact to a finger or flesh portion ofthe patient is
ensured when the probe 202 is properly attached. In the
illustrated embodiment, the contacts 341 and 342 are located

60
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proximate the detector aperture 203. In another embadiment,
contacts 341 and 342 are on opposite sides of the detector
aperture 203. The optical probe 202 also has an emitter
aperture 220 through which light of at least two wavelengths
passcs from LEDs.

As illustrated in the schematic diagram of TIG. 3C, the
pulse oximeter system 100 of FIG. 1 can be modified to
incorporate the first aspect of the present invention hy
extending an additional lead 324 through the connector 142
to the probe 202. The additional lead can be connected toone contact 341 while the second contact 342 can be wired
to the commonground lead 130.

A schematic diagram of another embodiment of the
present inventionis illustrated in FIG. 3D. The contacts 341
and 342 canbeinstalled in line within the path of the coding
resistor 132. When the paticnt’s skin 344 is in contact with
the contacts 341 and 342, the circuit through the coding
resistor 132 will be closed; whenthe patient’s skin 344 is not
in contact with the contacts 341 and 342, the circuit through
the coding resistor 132 will be open. The skin 344 will havesome finile resistance between the contacts 341 and 342 that
will affcet the measured resistance of the coding resistor. Asthe contacts 341 and 342 are installed in serics with the
coding resistor 132, any resistance across the contacts 341
and 342 will be addedto the resistance of the coding resistor
132 when the pulse oximeter 140 attempts to measure the
resistance of the coding resistor 132. The resistance of the
skin 344 can effectively be ignored in the measurement of
the coding resistor 132, however, by choosing the valuc of

resistance of a patient’s skin 344 between the contacts 341
and 342. Alternatively, the acceptable resistance for the
coding resistor can be specified as in a range that includes
the likely added resistance of the skin in the circuit. In the
present configuration, the probe-off detector module 138 of
the pulse oximeter 140 canverify that the optical probe 202
is properly secured simultaneously with checking the resis-
tance of the coding resistor 132. An open circuit indicates
that the probe has become dislodged, whereas a valid
resistance of a coding resistor 132 indicates a proper attach-
mentof the probe 202. If the probe has becomedislodged,
the pulse oximeter 140 can sound an alarm, display a
warning message, or both.

The pulse oximeter 140 is particularly vulnerable to
probe-off errors when operating at its highest sensitivity,
where even small induced variations in light directly
detected from the emitters have sufficient signal strength to
be processed as a physiological signal. In a probe-off
condition, a deleclor AC signal can be induced by slight

 
detector. For example, small amounts of paticnt motion,
such as chest movement from breathing, can induce a
probe-off AC signal. As another example, “creep” in the
probe configuration, suchas a folded probe graduallyreturn-
ing to its original unfolded shape after becoming dislodged ;
can also induce a probe-olf AC signal.

FIGS. 3E and 3F depict a generalized embodiment ofthe
present invention with the same features as described in 3A
and 3B, except that the electrical contacts 341, 342 are
replaced with a contact sensor 343. The electrical contacts
341 and 342 comprise a specialized case of a contact sensor
343 whereskin is involved. ‘The contact sensor 343 may also
comprise a piezoelectric sensor, a conductive contac! sensor,
or any other contact sensors which detect the contact of thetissuc material.

FIGS. 3G and 3II depict yet another embodiment oftheelectrical contact based contact sensor of FIGS. 3A and 3B.

 

the coding resistor 132 to be substantially larger than the ,

changes in the direct light path between the emilters and the «

10
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FIG. 3G depicts a schematic form with a pulse oximeter 140
and a probe off detector module. FIG. 3H depicts a perspec-
tive view of the optical pulse oximeter probe haveing optical
emitters and at least one detector. However, in this
embodiment, electrical contact 341A andelectrical contact
342 are positioned opposite each other. The electrical con-
tact 341A is positioned near the emitter aperture 220, so as
to contact the portion ofthe tissue material near the emitter
220. The electrical contact 342 is positioned near the detec-
tor aperture 203. Similarly, other contact sensors could be
positioned, one near the emiller aperture 220 and one near
the detector aperture 203.

Tn one embodimentthe electrical contacts 341, 342, 341A
are metallic. In analther embodiment, these contacts com-
prise conductive adhesive, or gel based contacts.

FIG. 4 illustrates a probe 202 that has become unfastened.
The illusirated probe 202 is shown in a partially unfolded
shape that provides an oblique path 410 from the emitter
aperture 22(b to the detector assembly 235. As a paticnt
moves, or as the probe 202 unfolds,rays of light travelling
along the oblique light path 410 maygenerate an AC signal
that could be interpreted by the pulse oximeter 140 as a
physiological signal.

Asillustrated in the cross section of FIG. 5A, a number of
louvers 502 are placed in front of the detector assembly 233
within the detector aperture 203 in accordance with a second
aspect of the present invention. ‘The louvers 502 block light
raystravelling along an oblique path 410 (Le., light that does
not originate from infront of the detector assembly 235). As
illustrated in FIG. 5B,if the probe 202 is properly attached,
the emitter aperture 220 will be directly in front of the
detector assembly 235 and light rays will pass directly
through the louvers 502 along a direct path 510.

FIG. SC illustrates a top plan viewof a preferred embodi-
ment of this aspect of the present invention. The detector
aperture 203 is formedin a plastic body504 having slots 506
to hold the louvers 502 in place across the detector aperture
203. In a preferred embodiment of the present aspect, the
louvers 502 can be created from commercially available
“3M Light Control Film.”

The louvers 502 of the present aspect advantagcously
provide a separate or improved methodfor the pulse oxime-
ter 140 to determine when a probe has becomedislodged
through monitoring the signal produced bythe photodetector
116. If the probe 202 becomes improperly secured, the
emiller aperture will likely move from ils proper location
directly above the detector assembly 235, which will cause
any oblique light rays to be blocked by the louvers 502. With
no light rays reaching the detector assembly 235, the detee-
tor will produce no signal. The probe-off detector 138 of the
pulse oximeter 140 can detect the lack of signal and sound
an alarm. The louvers 502 also advantageously block
oblique light rays that might create a false signal that could
be interpreted bythe pulse oximeter 140 to be a physiologi-
cal signal. Accordingly, the louvers 502 reduce or climinate
the possibility of a probc-off condition. The louvers 502 may
be used alone or in combination with the contacts described
herein.

TIG. 6 illustrates one embodiment of a methad 600 by
whicha pulse oximeter 140 detects a dislodged probe and/or
a probe-off condition. At a step 604, the probe off detector
module 138 checks for continuity between the skin contacts
341 and 342.If, at a step 608, there is continuity between the
contacts 341 and 342, the oximeter 140 passes control to a
step 612. If, on the other hand, there is no continuityat the
step 608, the oximeter 140 passes control to a step 620. At
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step 620 the oximeter 140 sounds an alarm to alert a
condition necessitating attention. At the step 612, the oxime-
ter 140 checksfor a valid AC signal from the photodetector.
If, at a step 616, there is a valid signal, the oximeter 140
passes control back to the step 604 to start the cycle over
again. If, on the other hand, there is no valid AC signalat the
step 616 the oximeter sounds an alarm at the step 624.
Accordingly, the pulse oximeter checks for and detects
dislodgment of a probe and/or a probe-off condition.

While certain exemplary preferred embodiments have
been described and shownin the accompanying drawings,it
is fo be understood that such embodiments are merely
illusuative of and nol restrictive on the broad invention.
Further,il is to be understoodthat this invention shall not be
limited to the specific construction and arrangements shown
and described since various modifications or changes may
occur without departing from the spirit and scope of the
invention as claimed. [t is intended that the scope of the
invention be limited not by this detailed description bul by
the claims appended hereto.Whatis claimedis:

1. A pulse oximetry probe comprising:
a flexible probe body configured to contact the skin of a

patient on opposing surfaces of a body memberof the
patient when the probe bodyis properly affixed to the
patient;

light emitting diodes incorporated into the probe body;
a ight sensitive detector which detects light from a first

direction originally cmitted by the light emitting
diodes, whercin the light comprises at Icast first and
second wavelengths and has been transmitted through
bodytissue carrying pulsing blood; and

at least one structure positioned approximately parallel to
the first dircetion and is configured to filter out light
from reaching the light sensitive detector from a direc-
tion substantially different from the first direction.

2. The pulse oximetry probe of claim 1, wherein the
structure comprises one or more louvers.

3. The pulse oximetry probe of claim 1, wherein the
structure comprises a plurality of louvers.

4. The pulse oximetry probe of claim 1, further compris-
ing a coding resistor.

5. The pulse oximetry probe of ¢
ing an circuil configured lo contact
body tissue.

6. The pulse oximetry probe of claim 1, whercin the
flexible probe body comprises a reusable optical probe.

7. The pulse oximetry probe of claim 1, wherein the
flexible probe body comprises a disposable optical probe.

8. The pulse oximetry probe of claim 1, wherein the
flexible probe body comprises reusable and disposable por-
tions of an optical probe.

9. A pulse oximeter for processing signals received from
an optical probe, the pulse oximeter comprising:

 
aim 1, further compris-
al least a portion of the 

ao input for receiving at least first and second intensity
signals from a light-sensitive detector which detects
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light of at least first and second wavelengths transmit-
ted through body tissue carrying pulsing blood; and

a

a signal processor which determines a probc-off condition
when at least one of the first and second intensity
signals is substantially attenuated.

10. The pulse oximeter of claim 9, wherein the allenuation
is caused by improper application an optical probe to the
body tissue.

11. ‘The pulse oximeter of claim 9, further comprising an
audio alarm indicating when the probe-off condition isdetermined.

12. The pulse oximeter of claim 9, further comprising an
visual alarm indicating when the probe-off condition is
determined.

13. The pulse oximeter of claim 9, further comprising a
coding resistor.

14. The pulse oximeter of claim 9, further comprising an
circuit configured to contact at least a portion of the body
tissue.

15. A sensor which generates at least first and second
intensity signals from a light-sensitive detector which
detects light of at least first and second wavelengths trans-
mitted through bady tissue carrying pulsing blood; the
sensor comprising:

 
at least one light emission device;
a light sensitive detector; and
a plurality of louvers positioned over the light sensitive

detecior lo accept light from the at least one light
emission device originating from a general direction of
the at least one light emission device and then trans-
mitting through bodytissue carrying pulsing blood,
wherein the louvers accept the light whenthe sensoris
properly applied to tissue of a patient.

16. A method of processing one or more signals to detect
a condition of improper positioning of an optical probe, the
method comprising:

expecting to receive at least first and second intensity
signals from a light-sensitive detector which detects
light of at least first and second wavelengths transmit-
ted through bodytissue carrying pulsing blood;

blocking light originating from an angle oblique to a
proximate relationship betweenthe detector anda light
source; and

receiving one of an un-interpretable signal or signal other
than the expected first and sccond intensity signals
because the light is blocked; and

indicating a probe off condition.
17. The method of claim 16, wherein the indicating

comprises at least one of an audible or visual alarm.
18. ‘The method of claim 16, wherein blocking light

comprises positioning a plurality of louvers between the
5 light source and the light-sensitive detector.
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United States Patent and Trademark Office
P.O. Box 2327
Arlington, VA 22202
ATTENTION: BOX PATENT APPLICATION
Sir:

Transmitted herewith forfiling is the patent application of

iifs.frEee31033
Inventors: Massi E. Kianl

Laguna Niguel, CA

MohamedK.,Diab
Mission Viejo, CA

For:

PULSE OXIMETER PROBE-OFF DETECTION SYSTEM

This application is a divisional of U.S. Application Serial No. 09/595,081, filed on June 16, 2000, entitled

“Pulse Oximeter Probe-Off Detection System.”
Enclosed are:

(X} 15 sheets of drawing;

(X) a copy of the Declaration (2 pages), Recorded Assignment (3 pages), and Power of
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(X} 14 pages of specification,

(xX) an Information Disclosure Statement(2 pages), and PTO Form 1449 (1 pages) with 16
references, one of whichis being submitted;

) a check in the amountof $834 to coverthefiling fee; and

{X} a return prepaid postcard.
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PULSE OXIMETER PROBE-OFF DETECTION SYSTEM

REFERENCE TO RELATED APPLICATIONS

{9001] The present application claims priority benefit under 35 U.S.C. i
and is a divisional of, U.S. Patent Application No. 09/595,081, filed June 16, 2000,
“Pulse Oximeter Probe-OffDetection System, ” which claims priority benefit under 35 U.S.C.

§ 119(e) from U.S. Provisional Application No. 60/140,000, filed June 18, 1999, entitled

“Pulse Oximeter Probe-OffDetection Sysiem.” The present application also incorporates the

entitled

foregoing utility disclosure herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to optical probes that can be attached to the

finger, toe, or appendage of a patient. More particularly, the present invention relates to

devices and methods for identifying when a probe has becomedislodged from a patient.

DESCRIPTION OF THE RELATED ART

(0003) Oximetry is the measurement of the exygen status of blood. Early

detection of low blood oxygen is critical m the medical field, for example in critical care and

surgical applications, because an insufficient oxygen supply can result in brain damage and

death in a matter of minutes. Pulse oximetry is a widely accepted noninvasive procedure for

measuring the oxygen saturation level of arterial blood, an indicator of oxygen supply. A

pulse oximetry system generally consists of a probe atlached to a patient, a monitor, and a

cable connecting the probe and monitor, Conventionally, a pulse oximetry probe has both red

and infrared (IR} light-emitting diode (LED) emitters and a photodiode detector. The probe

is typically attached to a patient’s finger or toe, or a very youngpatient’s foot. Fora finger,

the probe is configured so that the emitters project light through the fingernail, the arteries,

vessels, capillaries, tissue and bone. The photodiodeis positioned opposite the LED so as to

detect the LED transmitted light as it emerges from the fingertissues.

{0004 The pulse oximetry monitor (pulse oximeter) determines oxygen saturation

by analyzing the differential absorption by arterial blood of the two wavelengths emitted by

the probe. The pulse oximeter alternately activates the probe LED emitters and reads the

resulting current generated by the photodiode detector. This current is proportional to the
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intensity of the detected light. The pulse oximeter calculates a ratio of detected red and

infrared intensities, and an arterial oxygen saturation value is empirically determined based

on the ratio obtained. The pulse oximeter contains circuitry for controlling the probe,

processing the probe signals and displaying the patient’s oxygen saturation and pulse rate. A

pulse oximeter is described in U.S. Patent 5,632,272 assigned to the assignee of the present
invention.

SUMMARYOFTHEINVENTION

[0005] The present invention provides a number of improvements that can be

incorporatedinto a pulse oximeter probe to detect when a probe has becomedislodged from a

patient and/or to prevent a probe-off condition. A probe-off condition occurs when the

optical probe becomes partially or completely dislodged from the patient, but may continue to

detect an AC signal within the operating region ofthe pulse oximeter.

[0006]=In one aspect, the present invention provides a number of electrical

contacts that contact the skin of a patient when the probe is properly attached. The pulse

oximeter can check the continuity through the contacts to determine whether the probe is

properly attached. If the probe is not properly attached, the pulse oximeter can identify a

probe-off condition even though the oximeter measures an AC signal that appears like the

probeis still attached,

(0007) In another aspect, the present invention provides a number of louvers

placed in front of the probe’s photodetector to filter out oblique light rays that do not

originate from a point in front of the detector. If the probe becomes dislodged, the emitter

will not likely remain in front of the photodetector. If the emitter and photodetector are not
properly aligned, the photodetector will not produce a signal within the valid operating range

of the pulse oximeter. The louvers prevent light from an oblique angle from reaching the

photodetector and crealing a false signal that might be interpreted by the pulse oximeter as a

physiological signal. Accordingly, the pulse oximeter can determine that a probe has become

dislodged when the photodetector does not produce a valid signal. Furthermore, probe-off

conditions can avoided since oblique light rays are not able to reach the photodetector to

produce an apparently valid signal.

-2-
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Referring now to the drawings in which like reference numbers represent

corresponding components throughout:

[0009] Figure 1 illustrates a schematic of one embodiment of a pulse oximeter
system;

j0010] Figures 2A-B depict an optical probe and the attachmentof the optical

probe on the fingertip of an adult patient;

[0011] Figure 3A illustrates a schematic of a pulse oximeter system that

incorporates electrical contacts to the skin of a patient, in accordance with one embodimet of

the present invention;

(0012] Figure 3B illustrates a perspective view of an optical probe incorporating

electrical contacts to the skin of a patient;

(0013) Figure 3C illustrates a schematic of one embodimentof a pulse oximeter

system that incorporates electrical contacts to the skin ofa patient,

[0014] Figure 3D illustrates a schematic of a preferred embodiment of a pulse

oximeter system that incorporates a numberofelectrical contacts to the skin ofa patient;

[0015] Figure 3E depicts a generalized schematic of a pulse oximeter that

incorporates another embodimentof a contact on a pulse oximeter probe;

[0016] Figure 3F depicts a perspective view an optical probe incorporating the
embodiment of Figure 3E;

[0017] Figure 3G depicts a generalized schematic of a pulse oximeter system that

incorporates another embodiment of a contact sensor in accordance with the present

invention;

{0018} Figure 3H depicts a perspective view of an optical probe incosporating the

contact sensor of Figure 3G;

[0019] Figure 4 illustrates a probe that has become unfastened;

{0020} Figure 5A illustrates a probe wherein a number oflouvers are placed in

front of the detector assembly;

{0021] Figure 5B illustrates a properly attached probe wherein a number of

louvers are placed in front of the detector assembly;

3.
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(0022) Figure 5C illustrates a top plan view of a preferred embodimentof a probe

wherein a numberoflouversare placed in front of the detector assembly

[0023] Figure 6 illustrates a flaw chart of the method of detecting a dislodged

probe,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0024}|To compute peripheral arterial oxygen saturation, denoted Sp,O2, pulse

oximetry relies on the differential light absorption of oxygenated hemoglobin, HbO2, and

deoxygenated hemoglobin, Hb. This differential absorption is measured at the red and

infrared wavelengths of the probe. In addition, pulse oximetry relies on the pulsatile nature

of arterial blood to differentiate hemoglobin absorption from absorption of other constituents

in the surtounding tissues. Light absorption between systole and diastole varies due to the

blood volume change from the inflow and outflow of arterial blood at a peripheraltissuesite.

Thetissue site might also comprise skin, muscle, bone, venous blood, fat, pigment, etc., each

of which absorbs light. Blood oxygen saturation measurements are based upona ratio ofthe

time-varying or AC portion of the detected red and infrared signals with respect to the time-

invariant or DC portion. This AC/DC ratio normalizes the signals and accounts for variations

in light pathlengths through the measured tissue,

[0025] As reproduced in Figure 1, a schematic of one embodiment of a pulse

oximeter system 100 is disclosed in U.S. Patent 5,758,644 (the ‘644 patent), assigned to the

assignee of the present application and incorporated herein by reference. The system 100

comprises a pulse oximeter 140, which is attached through a connector 142 to a probe 110.

The probe 110 comprises a first LED 112, a second LED 114 and a photodetector 116. The
first and second LEDs 112 and 114 are connected back-to-back and share a common

electrical connection 118. The photodetector 116 has its own electrical connection 122.
Each of the LEDs 112 and 114 and the photodetector 116 are connectedat their outputs to a

common ground electrical connection 130. The two LEDs 112 and 114 are preferably

configured to produce different wavelengths of light, which pass through the flesh of a

patient to be detected by the photodetector 116. The oximeter 140 can select the LED to be

driven by applying either a positive or negative voltage to the connection 118. A coding

resistor 132 has a resistance that can measured by the pulse oximeter 140 to determine the

-4.
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particular characteristics of the probe 110. The coding resistor 132 is coupled in parallel with
the first LED 112 or the second LED 114, The resistor 132 can be used to indicate the

operating wavelength of the first and second LEDs 112 and 114, or to indicate the type of

probe. In order to read the coding resistor 132, the pulse oximeter 140 drives the first LED

112/coding resistor 132 combination at a level that is low enough that the LED draws

insignificant current. At this level, significantly all of the current flows through the coding

resistor 132 and the pulse oximeter 140 can determinethe value ofthe resistor in accordance

with Ohm’s law. By configuring the coding resistor 132 in parallel with one of the LEDs

112, 114, the added expense of an additional lead connecting the pulse oximeter 140 to the

probe 110 can be saved.

{0026] One embodiment of a disposable probe for use with pulse oximetry

systems is disclosed in U.S. Patent 5,782,757, assigned to the assignee of the present

application and incorporated herein by reference. Figures 2A-B depict the optical probe 202

and the attachment of the optical probe 202 on the fingertip 250 of an adult patient. The

disposable optical probe 202 is designed to fit comfortably onto a patient’s fingertip. As

illustrated in Figure 2A, the probe 202 includes a central portion 204, a pair of adhesive

flanges 205 extending from the central portion 204, a connector portion 210 situated between

the flanges 205, and a pair of smaller adhesive flaps 215 extending from the central portion

204 on the end of the optical probe 202 opposite from a connector tab 210. The probe 202

further includes an emitter aperture 220 with a number of emitters (e.g., a light-emitting

diodes) positioned within the central portion 204 close to the comector portion 210, and a

detector aperture 230 which allows light to pass through the detector aperture 230 to a

detector assembly 235. An adult fingertip 250 is shown in phantom in Figure 2A to illustrate

the position at which the fingertip 250 is placed when the probe 202is to be fastened onto the

fingertip 250 for use. Although not depicted specifically in Figures 2A-2B,the probe 202 is

typically fabricated from multiple layers.

[0027] Figure 2B illustrates the probe 202 fastened onto the fingertip 250, As

shown in Figure 2B, the probe 202 folds to conform to the very end of the fingertip. The

adhesive flaps 205 fold downward (in theillustration of Figure 2B) to wrap around the

fingertip 250 while the adhesive flaps 215 fold upward (in theillustration of Figure 2B) about

-5-
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a portion of the circumference of the fingertip 250 to provide support. As shown in Figure

2B, when the probe 202 is folded about the fingertip 250, the emitters located within the

probe are spaced opposite the detector assembly 235 such that light from the emitlers passes

through the emitter aperture 220, through the finger 250 and is incident upon the detector

assembly 235 through the detector aperture 230.

(0023) Figure 2B depicts a receiving connector portion 260 which engages with

contacts 252 on the connector 210 to provide an electrical connection between the optical

probe 202 and the pulse oximeter 140. Once the optical probe 202 is securely fastened to the

fingertip 250 and the connector 210 provides an electrical connection between the optical

probe 202 and dipital signal processing circuitry, signals are detected from the detector 235

and transmitted to the processing circuitry via the connector 260.

[0029] A probe-off condition occurs when the optical probe becomes partially or

completely dislodged from the patient, but continues to detect an AC signal within the

operating region of the pulse oximeter, Probe-off errors are sericus because the pulse

oximeter may display a normal saturation when, in fact, the probe is not properly attached to

the patient, potentially leading to missed desaturation events. Failure to detect a probe-off

condition is the result of the probe detector receiving light directly from the emitters without

transmission through the patient’s tissue.

{0030} As illustrated in the schematic of Figure 3A,a first aspect of the present

invention involves an optical probe 202 which incorporates a number of electrical contacts

341 and 342 that make contact to the skin of the patient when the probe 202 is properly

secured. In order to detect a probe-off condition, a probe-off detector module 138 of the

pulse oximeter 140 periodically applies a voltage across the contacts 341 and 342 or drives a

current. A non-zero current indicates that the patient’s skin 344 has closed the circuit

between the contacts 341 and 342 and the probe 202 is properly secured. If the probe

becomes dislodged, the patient’s skin 344 is no longer be in contact with the contacts 341 and

342,resulting in an open circuit.

[0031] Figure 3B illustrates one preferred embodiment of an optical probe 202

incorporating one embodiment of the present invention. The present embodiment

incorporates a first electrical contact 341 and a second electrical contact 342 in the surface

-6-
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306 of the central portion 204 of the probe 202. The electrical contacts 341 and 342 are

positioned in a location such that contact to a finger or flesh portion ofthe patientis ensured

whenthe probe 202 is properly attached. In theillustrated embodiment, the contacts 341 and

342 are located proximate the detector aperture 203. In another embodiment, contacts 341

and 342 are on upposite sides of the detector aperture 203. The optical probe 202 also has an

emitter aperture 220 through whichlight of at least two wavelengths passes from LEDs.

[032] Asillustrated in the schematic diagram of Figure 3C, the pulse oximeter

system 100 of Figure 1 can be modified to incorporate the first aspect of the present invention

by extending an additional lead 324 through the connector 142 to the probe 202. The
additional lead can be connected to one contact 341 while the second contact 342 can be

wired to the common ground Jead 130.

[0033] A schematic diagram of another embodiment ofthe present invention is

illustrated in Figure 3D. The contacts 341 and 342 can beinstalled in line within the path of

the coding resistor 132, When the patient’s skin 344 is in contact with the contacts 341 and

342, the circuit through the coding resistor 132 will be closed; when the patient's skin 344is
not in contact with the contacts 341 and 342, the circuit through the ceding resistor 132 will

be open. The skin 344 will have somefinite resistance between the contacts 341 and 342 that
will affect the measured resistance of the coding resistor. As the contacts 341 and 342 are

installed in series with the coding resistor 132, any resistance across the contacts 341 and 342

will be added to the resistance of the coding resistor 132 when the pulse oximeter 140

attempts to measure the resistance of the coding resistor 132, The resistance of the skin 344

can effectively be ignored in the measurement of the coding resistor 132, however, by

choosing the value of the coding resistor 132 to be substantially larger than the resistance of a

patient’s skin 344 between the contacts 341 and 342, Alternatively, the acceptable resistance

for the codingresistor can be specified as in a range that includes the likely added resistance

of the skin in the cirguit. In the present configuration, the probe-off detector module 138 of

the pulse oximeter 140 can verify that the optical probe 202 is properly secured

simultaneously with checking the resistance of the coding resistor 132. An open circuit

indicates that the probe has become dislodged, whereas a valid resistance of a coding resistor
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132 indicates a proper attachment of the probe 202. If the probe has become dislodged, the

pulse oximeter 140 can sound an alarm,display a warning message,or both.

[0034] The pulse oximeter 140 is particularly vulnerable to probe-off errors when

operating at its highest sensitivity, where even small induced variations in light directly

detected from the emitters have sufficient signal strength to be processed as a physiological

signal. In a probe-off condition, a detector AC signal can be inducedbyslight changesin the

direct light path beiween the emitters and the detector. For example, small amounts of

patient motion, such as chest movement from breathing, can induce a probe-off AC signal.

As another example, "creep" in the probe configuration, such as a folded probe gradually

returningto its original unfolded shape after becoming dislodged can also induce a probe-off

AC signal.

[0035] Figures 3E and 3F depict a generalized embodiment of the present

invention with the same features as described in 3A and 3B, exceptthat the electrical contacts

341, 342 are replaced with a contact sensor 343. The electrical contacts 341 and 342

comprise a specialized case of a contact sensor 343 where skin is involved. The contact

sensor 343 may also comprise a piezoelectric sensor, a conductive contact sensor, or any
other contact sensors which detect the contact of the tissue material.

[0036] Figures 3G and 3H depict yet another embodimentofthe electrical contact

based contact sensor of Figures 3A and 3B. Figure 3G depicts a schematic form with a pulse

oximeter 140 and a probe off detector module. Figure 3H depicts a perspective view of the

optical pulse oximeter probe haveing optical emitters and at least one detector. However, in

this embodiment, electrical contact 341A and electrical contact 342 are positioned opposite

each other. The electrical contact 341A is positioned near the emitter aperture 220, so as to

contact the portion of the tissue material near the emitter 220. The electrical contact 342 is

positioned near the detector aperture 203. Similarly, other contact sensors could be

positioned, one near the emitter aperture 220 and one near the detector aperture 203.

[0037] In one embodimentthe electrical contacts 341, 342, 341A are metallic. In

another embodiment, these contacts comprise conductive adhesive, or gel based contacts.

[0038] Figure 4 illustrates a probe 202 that has become unfastened. The

illustrated probe 202 ig shownin a partially unfolded shapethat provides an oblique path 410
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from the emitter aperture 220 to the detector assembly 235. As a patient moves, or as the

probe 202 unfolds, rays of light travelling along the oblique light path 410 may generate an

ACsignal that could be interpreted by the pulse oximeter 140 as a physiological signal.

[0039] Asillustrated in the cross section of Figure 5A, a number of louvers 502

are placed in front of the detector assembly 235 within the detector aperture 203 in

accordance with a second aspect of the present invention. The louvers 502 block light rays

travelling along an oblique path 410 (i.c., light that does not originate from in front of the

detector assembly 235). Asillustrated in Figure 5B,if the probe 202 is properly aitached, the

emitter aperture 220 will be directly in front of the detector assembly 235 and light rays will

pass directly through the louvers 502 alonga direct path 510.

[0040] Figure 5C illustrates a top plan view of a preferred embodiment of this

aspect of the present invention. The detector aperture 203 is formed in a plastic body 504

having slots 506 to hold the louvers 502 in place across the detector aperture 203. In a

preferred embodiment of the present aspect, the louvers 502 can be created from

commercially available “3M Light Control Film.”

[0041] The louvers 502 ofthe present aspect advantageously provide a separate or

improved method for the pulse oximeter 140 to determine when a probe has become

dislodged through monitoring the signal produced by the photodetector 116. If the probe 202

becomes improperly secured, the emitter aperture will likely move from its proper location

directly above the detector assembly 235, which will cause any oblique light rays to be

blocked by the louvers 502. With no light rays reaching the detector assembly 235, the

detector will produce no signal. The probe-off detector 138 of the pulse oximeter 140 can

detect the lack of signal and sound an alarm. The louvers 502 also advantageously block
oblique light rays that might create a false signal that could be interpreted by the pulse

oximeter 140 to be a physiological signal. Accordingly, the louvers 502 reduce or eliminate

the possibility of a probe-off condition. The louvers $02 may be used alone or in
combination with the contacts described herein.

[0042} Figure 6 illustrates one embodiment of a method 600 by which a pulse

oximeter 140 detects a dislodged probe and/or a probe-off condition. At a step 604, the probe

off detector module 138 checks for continuity between the skin contacts 341 and 342. If, ata

9.
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step 608, there is continuity between the contacts 341 and.342, the oximeter 140 passes

control to a step 612. If, on the other hand, there is no continuity at the step 608, the

oximeter 140 passes control to a step 620. At step 620 the oximeter 140 sounds an alarm to

alert a condition necessitating attention. At the step 612, the oximeter 140 checksfor a valid

ACsignal from the photodetector. If, at a step 616, there is a valid signal, the oximeter 140

passes control back to the step 604 to start the cycle over again. If, on the other hand,there is

no valid AC signal at the step 616 the oximeter sounds an alarm at the step 620.

Accordingly, the pulse oximeter checks for and detects dislodgment of a probe and/or a

probe-off condition.

[0043} While certain exemplary preferred embodiments have been described and

shown in the accompanying drawings, it is to be understood that such embodiments are

merely illustrative of and not restrictive on the broad invention. Further, it is to be

understood that this invention shall not be limited to the specific construction and

artangements shown and described since various modifications or changes may occur withoul

departing from the spirit and scope of the invention as claimed, It is intended that the scope

of the invention be limited not bythis detailed description but by the claims appended hereto.

-10-
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WHAT IS CLAIMEDIS:

1. A pulse oximetry probe comprising:

a (exible probe body configured to contact the skin of a patient on opposing

surfaces of a body memberofthe patient when the probe body is properly affixed to

the patient;

light emitting diodes incorporated into the probe body,

a light sensitive detector which detects light fromafirst direction originally

emitted by the light emitting diodes, wherein the light comprises at least first and

second wavelengths and has been transmitted through body tissue carrying pulsing

blood; and

at least one structure positioned approximately parallel to the first direction

and is configured to filter out light from reaching the light sensitive detector from a

direction substantially different from the first direction.

2. The pulse oximetry probe of Claim 1, wherein the structure comprises one or
more louvers.

3. The pulse oximetry probe of Claim 1, wherein the structure compmses a

plurality of fouvers.

4, The pulse oximetry probe of Claim 1, further comprising a codingresistor.

5. The pulse oximetry probe of Claim 1, further comprising an circuit configured

to contact at least a portion of the body tissue .

6. The pulse oximetry probe of Claim 1, wherein the flexible probe body

comprises a reusable optical probe.

7. The pulse oximetry probe of Claim 1, wherein the flexible probe body

comprises a disposable optical probe.

&. The pulse oximetry probe of Claim 1, wherein the flexible probe body

comprises reusable and disposable portions of an optical probe.

-11-
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9. A pulse oximeter for processing signals received fron an optical probe, the

pulse oximeter comprising:

an input for receiving at least first and second intensity signals fromalight-

sensitive detector which detects light of at least first and second wavelengths

transmitted through bodytissue carrying pulsing blood, and

a signal processor which determines a probe-off condition whenat least one of

the first and secondintensity signals is substantially attenuated.

10. The pulse oximeter of Claim 9, wherein the attenuation is caused by improper

application an optical probe to the bodytissue.

11. The pulse oximeter of Claim 9, further comprising an audio alarm indicating

when the probe-off condition is determined.

12. The pulse oximeter of Claim 9, further comprising an visual alarm indicating

when the probe-offcondition is determined.

13.‘ The pulse oximeter of Claim 9, further comprising a coding resistor.

14. The pulse oximeter of Claim 9, further comprising an circuit configured to

contact at least a portion of the body tissue .

15. A sensor which generates at least first and second intensity signals from a

light-sensitive detector which detects light of at least first and second wavelengths

transmitted through bodytissue carrying pulsing bleed; the sensor comprising:

at least one light emission device;

a light sensitive detector; and

a plurality of louvers positioned over the light sensitive detector to acceptlight

from theat least one light emission device originating from a generaldirection of the

at least one light emission device and then transmitting through body tissue carrying

pulsing blood, wherein the louvers accept the light when the sensor is properly

applied to tissue ofa patient.

-12-
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16. A method ofprocessing one or more signals te detect a condition of improper

positioning of an optical probe, the method comprising:

expecting to receive at least first and second intensity signals from a light-

sensitive detector which detects light of at least first and second wavelengths

transmitted through body tissue carrying pulsing blood;

blocking light originating from an angle oblique to a proximate relationship

between the detector and a light source; and

receiving one of an un-interpretable signal or signa] other than the expected

first and second intensity signals because the light is blocked; and

indicating a probe off condition.

17. The method of Claim 16, wherein the indicating comprises at least one of an
audible or visual alarm.

18. The method of Claim 16, wherein blocking light comprises positioning a

plurality of louvers between thelight source andthe light-sensitive detector.

-13-
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PULSE OXIMETER PROBE-OFF DETECTION SYSTEM

ABSTRACT OF THE DISCLOSURE

The present invention provides a number of improvements that can be incorporated

into a pulse oximeter probe to detect when a probe has become dislodged from a patient

and/or to prevent a probe-off condition, A probe-off condition occurs whenthe optical probe

becomes partially or completely dislodged from the patient, but continues to detect an AC

signal within the operating region of the pulse oximeter. In one aspect, the present invention

provides electrical contacts that contact the skin of a patient when the probe is properly

attached. In another aspect, the present invention provides a numbercflouvers placed in

front of the sensor’s photodetectorto filter out oblique light rays that do not onginale from a

point in front of the detector. Accordingly, if the emitter and photodetector are not properly

aligned, the photodetector will not produce a signal within the valid operating range of the

pulse oximeter. In accordance with a method ofthe present invention the pulse oximeter can

sound un alarm or display a warmingif it determines that the probeis not properly attached to

the patient.

PATENT
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Page | Attomey'sT ket No. MASIMO.172A
  

DECLARATION- USA PATENT APPLICATION

As a below namedinventor, I hereby declare that:

Myresidence, post office address and citizenship are as stated below next to my name;

1 believe I am an original,first and joint inventor of the subject matter which is claimed
and for which a patent is sought on the invention entitled PULSE OXIMETER PROBE OFF
DETECTION SYSTEM;the specification of which was filed on June 16, 2000 as Application
No. 09/595,081.

I hereby state that I have reviewed and understand the contents of the above identified
specification, including the claims, as amended by any amendment referred to above;

I acknowledge the duty to disclose information which is material to patentability as
defined in Title 37, Code of Federal Regulations, § 1.56;

I herebyclaim the benefit under Title 35, United States Code, § 120 of any United States
application(s) listed below, and insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by the
first paragraph of Title 35, United States Code § 112, I acknowledge the duty to disclose
information which is material to patentability as defined in Title 37, Code of Federal
Regulations, § 1.56, which becameavailable between the filing date of the prior application and
the national or PCT internationalfiling date of this application:

Prior U.S.A. Application(s)}

Application No.: 60/140,000 Filing Date: June 18,1999 Status: Pending

I hereby declare that all statements made herein of my own knowledge are true and that
all statements made on information and belief are believed to be true; and further that these

statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful, false statements may jeopardize the validity of the application or any
patentissued thereon.

Full nameoffirst inventor: Massi E. Kiani

Inventor's signature o

Date ¥-31-00 ‘
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Residence: 35 Brindisi, Laguua Niguel, CA 92677

Citizenship: US

Post Office Address:

Full name of second inventor: Mohamed K, Diab
Mea.

Inventor's signature

Date__¥ — Al. 2Peod

Residence: 25075 White Spring, Mission Viejo, CA 92692

Citizenship: Us
Post Office Address:
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KNOBBE, MARTENS, OLSON & BEAR, LLP
Customer No. 20,995
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ax-ORDATION FORM COVER SHE!
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PATENTS ONLY

TO THE ASSISTANT COMMISSIONER FOR PATENTS: Please record the attached original documents or copy thereof.

1. Name of conveying party(ies): (JF multiple assignors, list
numerically)

1, Massi E, Kiam
2. Mohamed K. Diab

Additional name(s} of conveying party(ics) attached?
QO Yes (xX) No

 
3. Nature of conveyance:

(X) Assignment
() Merger
() Security Agreement
() Change of Name
()) Other:

Execution Date: (If multiple assignors, list execution
dates in numerical order corresponding Io numbers indicated in
1 above) August 31, 2000

5, Name and address of party to whom correspondence
concerning document shauld be mailed:

Name: Stephen C, Jensen
KNCBRE, MARTENS, OLSON & BEAR, LLP
Customer No, 20,995

kuternal Address: Sixteenth Floor
Street Address: 620 Newport Center Drive
City: Newport Beach State: CA ZIP: 92660
Attorney's Docket No. MASIMO.172A

6. Total number of applications and patents invalved: one

2, Name and address ofreceiving party(ies):

Name; Masime Corporation
Internal Address:
Street Address: 2852 Kelvin Avenue

City: Irvine State: CA ZIP: 92614

Additional name(s) of receiving party(ies) attached’?
QO Yes ) No

4. Application number(s) or Patent number(s):

( Application(s) filed herewith Execution Date(s):

(X) Patent Application No.: 09/595,081
Filing Date: June 16, 2000

Q) Patent No.:Issue Date:

Additional numbers attached? () Ves (X) No

7. Total fee (37 CFR 3.41): $40

{X) Enclosed
(X) Authorized to be charged to deposit accountif any

additional fees are required, or to credit any overpayment

8, Deposit account number: 11-1410

Please charge this account for any additional fees which may
be required, or credit any overpayment ta this account.
 

9, Statement and signature.

To the best of my knowledge and belief, the foregoing information is true and correct, and any attached copy is 4 true copy of the
original document.

Stephen C. Jensen
NameofPerson Signing

35,556
Registration No.

f

Signature

 wftLcee

Total number of pages including cover sheet, attachments and document: 3
 

Mail documents to be recorded with required cover sheet information to:
Assistant Commissioner for Patents

Box Assignments
Washington, D.C. 20231

HADOCS\SCASCI-3342. DOC
092600
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Application No.: 09/595,08] » Client Code: MASIMO.172A
Filing Date: June 16, 2000 Page 1

ASSIGNMENT

WHEREAS, We, Massi E. Kiani, a United States citizen, residing at 35 Brindisi, Laguna Niguel, Califomia
92677, and Mohamed K. Diab, a United States citizen, residing at 25075 White Spring, Mission Viejo, California 92692,
have invented certain new and useful improvements in a PULSE OXIMETER PROBE OFF DETECTION SYSTEM for
which we havefiled an application for Letters Patent in the United States, 09/595,081, June 16, 2000;

AND WHEREAS, MASIMO CORPORATION (hercinafter "ASSIGNEEB"), a Delaware Corporation, with its
principal place of busiriess at 2852 Kelvin Avenue,Irvine, California 92614, desires to acquire the entire right,title, and
interest in and to the said improvernents and the said Application:

NOW, THEREFORE,in consideration of the sum of One Dollar ($1.00) to us in hand paid, and other good and
valuable consideration, the receipt of which is hereby acknowledged, we, the said inventors, do hereby acknowledge that
we havesold, assigned, transferred and set over, and by these presents do herebysell, assign, transfer and set over, unto the
said ASSIGNEE,its successors, legal representatives and assigns, the entire right, title, and interest throughoutthe world
in, ta and under the said improvements, and the said application and all divisions, renewals and continuations thereof, and
all Letters Patent of the United States which may be granted thereon andall reissues and extensions thereof, andall rights
of priority under International Conventions and applications for Letters Patent which may hereafter be filed for said
improvements in any country or countries foreign to the United States, and all Letters Patent which may be granted for said
improvements in any country or countries foreign to the United States andall extensions, renewals and reissues thereof;
and we hereby authorize and request the Commissioner of Patents of the United States, and any Official of any country or
countries foreign to the United States, whose duty it is to issue patents on applications as aforesaid, to issue all Letters
Patent for said improvements to the said ASSIGNEE,its successors, legal representatives and assigns, in accordance withthe terms of this instrument.

AND WE HEREBY covenant and agree that we will commmnicate to the said ASSIGNEE,its successors, legal
representatives and assigns, any facts known to us respecting said improvements,and testify in any legal proceeding, sign
all lawful papers, execute al! divisional, continuing and reissue applications, make all rightful oaths and generally do
everything possible to aid the said ASSIGNEE,its successors, legal representatives and assigns, to obtain and enforce
properpatent protection for said improvementsin all coutitries,

IN TESTIMONY WHEREOF,J hereunto set my hand and seal this 3! day of fessust- . 2000.

MeLoe

STATE OF (“aes Conern |

COUNTY OF Orarje

On August Jl, de _, before me, (o# bedHAE Bb: BATON ; personally appeared
personally known to me (or proved to me on the basis of satisfactory evidence} to be the person(s} whose name(s) is/are
subscribed to the within instrument, and acknowledged to me that executed the same in authorized capacity(ies), and that
by signature(s) on the instrument the person(s), or the entity upon behalf of which the person(s) acted, executed theinstrument.

WITINESS myhand and official seal.

[SEAL] 5. Ltcto—
Notary Signature
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! CHASaA2 ABaeeC
PATENT

Patent No.: Client Code:
Issue Date: Page 2 

IN TESTIMONY WHEREOF,I hereunto set my handand sealthis 3 it day of A Arh8 T » 2000

STATE OF (CaciGenat 58.

COUNTY OF Ovary J

On Naga 2/ % ®* before me, / Ieee OlOF|bEen #- __, personally appeared personally known tome (cr proved to me on thebasis ofsatisfactory evidence) to be the person(s) whose name(s)is/are subscribed to the within
instrument, and acknowledged to me that executed the same in authorized capacity(ies), and that by signaturefs) on the
instrument the person(s), or the entity upon behalf of which the person(s) acted, executed the instrument.'

_
Notary Signature

WITNESS my hand and official seal.

[SEAL] 
HADDCSISCASCI-3261.D0C: ¥CS
032200
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CARIPCASACSy ao Ml ad wed EA!

MASIMO.172A PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Masimo Corporation )

App. No. ; 09/595,081

Filed : June 16, 2000

For : PULSE OXIMETER PROBE OFF 5
DETECTION SYSTEM )

Examiner : Unknown

ESTABLISHMENT OF RIGHT OF ASSIGNEE TO TAKE ACTION
AND

REVOCATION AND POWER OF ATTORNEY

Assistant Commissioner for Patents

Washington, D.C. 20231

DearSir:

The undersigned is empowered to act on behalf of the assignee below (the "Assignee").

A true copyofthe original Assignment of the above-captioned application from the inventor(s)

to the Assignee is altached hereto. This Assignment represents the entire chain oftitle ofthis

invention from the Inventor(s) to the Assignee.

[ declare that all statements made herein are true, and that all statements made upon
information andbelief are believed to be true, and further, that these statements were made with

the knowledge that willful, false statements and the like so made are punishable by fine or

imprisonment, or both, under 18 U.S.C. § 1001, and thatwillful, false statements may jeopardize

the validity of the application, or any patent issuing thereon.

The undersigned hereby revokes any previous powers of attomey in the subject

application, and hereby appoints the registrants of Knobbe, Martens, Olson & Bear, LLP, 620

Newport Center Drive, Sixteenth Floor, Newport Beach, California 92660, Telephone

(949) 760-0404, Customer No. 20,995, as its attorneys with full power of substitution and
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\ SVACESS i Atalete
App. No. : 09/ *usl
Filed : Jun. 19, 2600

revocation to prosecute this application and to transact all business in the U.S. Patent and

Trademark Office connected herewith. This appointment is to be to the exclusion of the

inventor(s) and his attomey(s) in aecordance with the provisions of 37 C.F.R. § 3.71.

Please use Customer No. 20,995 for all communications,

Masito Corporation

—

Dated: 9280D__._ By:
JoeB. Kiani ‘

Title: President and C.E.O.

Address: 2852 Kelvin Avenue
Irvine, CA 92614

HADOCSISCASC)-3265 DOCyes
082200
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MASIMO.172DV1 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

76303°° PanneayApplicants :  Massi€. Kiani,et al. GroupArt Unit Unknown i
~™

App. No. : Unknown 2et

Filed :  Herewith _

For : PULSE OXIMETER
PROBE-OFF DETECTION
SYSTEM

Examiner : Unknewn

 
INFORMATION DISCLOSURE STATEMENT

United States Patent and Trademark Office
P.O, Box 2327

Adlington, VA 22202

DearSir:

Enclosed is form PTOQ-1449listing sixteen (16) references, one of which is

enclosed. Fifteen (15) of the references are of record in parent U.S. Patent Application

No. 09/595,081, filed June 16, 2000, entitled “Pulse Oximeter Probe-Off Detection

System.” Because the 15 references are of record in the parent application, copies are

not being submitted herewith. If the Examiner hasdifficulty accessing the application or

the Examiner otherwise needs additional copies of the cited references, the Applicants

will provide the same upon receipt of specific request in subsequent Office

correspondences. The Applicants respectfully request consideration of cited references

and that the appropriate indication of consideration be made on the enclosed form
PTO-1449.
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Appl.No. : Unknown
Filed : Herewith

This Information Disclosure Statement is being filed before the receipt of a first

Office Action on the merits, and presumably no fee is required in accordance with 37

C.F.R. § 1.97(b)(3).

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

 
 Dated: February 24, 2003  
  

Ohn M-

Registration No, 42,610
Attorney of Record
Gustomer No. 20,995
(949) 760-0404

HADOCSWMGWMG-4174.D0C
012103
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  FORM PTO4448 U.S. DEPARTMENT OF COMMERCE|ATTY. DOCKET NO.
PATENT ANC TRADEMARK OFFICE MASIMO.172DV1 
  

APPLICATION NO,
“Unknown ~ 

INFORMATION DISCLOSURE STATEMENT
BY APPLICANT 

   
 

APPLICANT
Massi E, Kianl, st 2!

 
  
  
  

 
  

  
 

 

(JSE SEVERAL SHEETS IF NECESSARY) FIUNG BATE
Harewih,

|EL|6,035,223 Baker, Jr. aaee
Tee snivnoroes[owsaor
Eeamarelores[owt
AEJe[reno oorfouseA
VielesomesovoJomesaa
AESTe|sens ivesonionat
SGT|sarafarera FJ
elsazostrloresfoveanf
J
ol asst eeo —[raoasfie.ste
APE|asses[paw
[thal—searsfraes

FOREIGN PATENT DOCUMENTS

EXAMINER DOCUMENT NUMBER DATE COUNTRY CLASS|SUBCLASS

INTIAL ves|no_|
[alsaverare|v[semanNT
ye alerostsoarfronaeo[EwopeonAie|

Ae EP 018219742 [05/1986|European ro
Ke GB 20614964 [05/1981|United Kingdom ieae

Ee——eeee
OTHER DOCUMENTS {INCLUDING AUTHOR,TITLE, GATE, PERTINENT PAGES, ETC.)

SS

 
 
 
  

be

 
 

 
 

  
  

 
 

 

   

  
HADOCS\WMGVMG-4173.D0G
042103

OATE CONSIDERED odTIO
“EXAMINER: INITIAL IF CITATION CONSIDERED, WHETHER OR NOT CITATIONIS IN CONFORMANCE WITH MPEP 609; DRAW LINE THROUGH CITATION IF NOT
IN CONFORMANCE SND NOT CONSIDERED,INCLUDE COPYOF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT. 
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Application No. Applicant(s) 7

10/374 303 | KIANI ET AL.Examiner Art Unit   
 
 

Notice ofAllowability

 Matthew J Kremer 3736 

- ” The MAILING DATE of this communication appears on the cover sheet with the correspondence address—
Alt claims being allowable, PROSECUTION ON THE MERITS 1S (OR REMAINS) CLOSEDin this application. if nol included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will ba malted In due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENTRIGHTS. This application is subject to withdrawaltrom Issue atthe initlative
of the Office or uponpetition by the applicant, See 37 CFR 1.313 and MPEP 1308,

1. (J This communication is responsive to

2. [X] Theallowedclaim(s) is/are 4-18.

$. EJ The drawings filed on 24 February 2003 are accepted by the Examiner.

4. (.] Acknowledgmentis made of a claim for foreign priority under 35 U.S C. § 149(a}(d) or (f).
ay All bj} Some" cy None of the:

1. O Certifies copies of the priority documents hava been received.
2. DF) Certified copies of the priority documents have been recelved in Applicalion No.
3. LJ Coplesofthe certified copias of the priority documents have been received in this national stage application from the

Intemational Bureau (PCT Rule 17.2(a}).
* Certified copies net received:

Applicant has THREE MONTHS FROM THE “MAILING DATE?ofthis communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. (A SUBSTITUTE OATH OR DECLARATION must be submitted. Nate the attached EXAMINER'S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTQ-152) which gives reason(s) why the oath or declaration is deficient.

6. (J CORRECTED DRAWINGS(as “replacement sheets") must be submitted.
(a) D including changes required by the Notice of Drafispersan’s Patent Drawing Review ( PTQ-948) attached

1) hereto or 2} (7) to Paper No./Mail Date .
(b) O including changes required by the attached Examiner's Amendment / Cammentorin the Office action of

Paper No.AMail Gate
Identifying indicia such as the application number(see 37 CFR 1.84(c)] should be written on the drawingsin thefront (not the back) of
each sheet. Replacement sheet(s) should be labeled ag such in the header according to 37 CFR 1.121(d).

7. (] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 

 

 

 
  

Attachment(s}
4. &] Notice of References Cited (PTO-892) 5. (1 Notice of Informal Patent Applicaton (PTO-152)
2. [) Notice of Draftperson's Patent Drawing Review (PTO-848) 6. D interview Summary {(PTO-413),

Paper No./Mall Date ‘
3. KJ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. 2] Examiners Amendment/(Comment

Paper No./Mail Date 2
4. Examiners Comment Regarding Requirement for Deposit 8. & Examiner's Statement of Reasons for Allowance

of Biological Material 9. Other

US Patent and Trademark Ofhes
PTOL-37 (Rev. 1-04} Notice of Aliowabllity Part of Paper No./Mail Date 3
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Application/Contro! Number: 10/374,303 Page 2
Art Unit: 3736

REASONS FOR ALLOWANCE

1. The following is an examiner's statement of reasonsfor allowance.

In regard to claim 1, U.S. Patent 5,761,540 to White teaches an illumination

device,a light sensitive detector (a camera), and a microlouverfilter. White does not

teach a pulse oximeter probethat includes a flexible body but teaches a device for

illuminating an object to be observed by a machine vision camera. In regard to claim 9,

U.S. Patent 6,035,223 to Baker, Jr. teaches an oximeter that determines whethera

probeis off the patient by determiningif the detected intensity is greatly increased. The

prior art does not teach or suggest a pulse oximeter that determines whether a probeis

off the patient by determiningif the detected intensity is substantially attenuated. In

regard to claim 15, U.S, Patent 5,923,021 to Dvorkis et al. teaches a sensorthat

includesa light source and a plurality of louvers. (Abstract and Fig. 3 of Dvorkis).

Dvorkis teaches the use of a detector (Abstract of Dvorkis) but does not teach the

particulars of the detector. One with skill in the art would know that a suitable detector

would detect a range of wavelengths. (column 2, lines 20-23 of U.S. Patent 5,635,700 to

Fazekas), However, even when the teachings of Fazekas are combined with the

teachings of Dvorkis, the combination does not teachall the elements of the invention of

claim 15. The Dvorkis/Fazekas combination teaches a detectorthat detects a

wavelength range, which inherently includes first and second wavelengths; the use of a

light source (Abstract of Dvorkis); and a plurality of louvers positions over the detector

(Fig. 3 of Dvorkis). The Dvorkis/Fazekas combination does not teach thatthe plurality
 

of louvers is positioned to acceptlight from the at least one light emission device
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Application/Contrel Number: 10/374,303 Page 3
Art Unit: 3736

originating from a general direction of the at least one light emission device wherein the

louvers accept the light when the sensoris properly applied to tissue of a patient. In

regard to claim 15, U.S, Patent 4,945,239 to Wist et al. teaches a sensorthatincludes a

light source, a light detector, and a pinhole boxin front of the detector but does not

teach or suggest a senscr thatincludesaplurality of louvers. in regard to claim 16,

Wist teaches blocking light originating from an angle oblique to a proximate relationship

betweenthe detectorand a light source but does not teach or suggest the step of

indicating a probe off condition.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably

accompanythe issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Matthew J Kremer whose telephone numberis 703-605-

0421. The examiner can normally be reached on Mon, through Fri. between 8:30 a.m,-

5:00 p.m.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Mary Beth Jones can be reached on 703-308-3400. The fax phone number

for the organization wherethis application or proceeding is assigned is 703-872-9306.
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Application/Contrel Number: 10/374,303 Page 4
Art Unit: 3736

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system, Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http:/fpair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

WittLime penpafo
Matthew Kremer
Assistant Examiner Axxee
Art Unit 3736 fese
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Applicatian/Control No. ] Applicant(s)/Patent UnderReexamination
10/374,303 KIANI ET AL.

Examiner Art Unit

U.S. PATENT DOCUMENTS

US-5,923,021 A Dvarkis et al.

US-6,035,223 A 03-2000 Baker,Jr., Clark R.

us-

G|Us

H
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Notice of References Cited

  

  
 
   

 

 

   

  
 

 

  

 

 
 

us-  

 
 
  
 

 

   
 

 

NON-PATENT DOCUMENTS

Include a3 applicable: Author,Title Date, Publisher, Editon or Volume, Pertinent Pages)   
 

 
7A, copyaf this reference is not being furnished with this Gtfica actlon. (See MPEP § 707.05{a) )Dates in MIM-YY'YY formal are publication dates Classifications may be US arforeign
U.S. Patan and Trademark Office
PTOQ-892 (Rav. 01-2001) Notlee of References Cited Part of Paper No, 3
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i DITEpD STATES PATENT AND TRADEMARK. OFFICE d “ihUNITED STATES DEPARTMENT OF COMMERCEUnited Stites Pateut and Trademark OfficeAddrou: COMMISSIONER FOR PATENTSy
Paani, Virgie 22314-1450rs

 
www.apn.

NOTICE OF ALLOWANCE AND FEE(S) DUE

BXAMINER
KREMER, MATTHEW I

TO995 7890 04/13/2004

KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET
FOURTEENTH FLOOR
IRVINE, CA 92614 ae

DATE MAILED: (4/13/2004

10/374,303 02/24/2003 Massi EB. Kiani MASEIMO.1I72DV1 5982
TITLE OF INVENTION: PULSE GXIMETER PROSE-OFF DETECTION SYSTEM

APPLN, TYPE SMALL ENTITY PUBLICATION FEE TOTAL FEE(S) DUE
no 3300nonprovisional $1330 $1630 OTF2004

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
ISCLOSED. THIS NOTICE OF ALLOWANCEI5 NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP1308,

THE ISSUE FRE AND PUBLICATION FEE (IF REQUIRED} MUSE BE PAID WITHIN THREE MONTHS FROM THEMAILING DATE OF THIS NOTICE GR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILLHE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I, Review the SMALL ENTITYstatus shown above.

If ihe SMALL ENTITYis shownas YES, verify your currentSMALLENTITY status:

a If the status is the same, pay the TOTAL FEE(S) DUE shownabove.

B. If the status is changed, pay the PUBLICATION FEE {if
required) and twice the amount of the ISSUE FEE shown aboveand notify the United States Patent and Tradematk Office of the

If the SMALL ENTITYis shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B.If applicant claimed SMALL ENTITYstatus before, or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATIONFEEand 1/2 the ISSUE FEE shown above.

changein status, oF © Applicant claims SMALL ENTITYstatus.See 37 CFR 1,27.

I, PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTC) with
your ISSUE FEE and PUBLICATION FEE(if required). Even if the fee{s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section “4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be aubmitted.

Il. Af! communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER:Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is pateatee's responsibility to ensure timely payment of maintenance fees whea due.

Page t of 3
PTGL-85 (Rev. 11/03} Approved for use through 04/30/2004.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mal] Mail Stop ISSUE FEECommissioner for Patents
7.0. Box 1450
Alexandria, Virpinia 22313-1450

orEax (703) 746-4600pu
INSTRUCTIGNS: This form chould be used for bansmitting the ISSUE FEE and PUBLICATION FEE (if required) Blocks | through 4 should be completed where
appropriate, Ail further correspondence including the Patent, advance orders and notification of maintenance fers willbemailed to the current co 9 ondence address as
ieSheated unless corrected below or directed otherwise in Block I, by (8) apecifying a new correspondence address; and/or (b) indicating a separate "*EE ADDRESS" formaintenance fee notifications,

CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up with any ccrraclions arare Bork |) Note: A certificale of mailing can only be used for domestic. mailings of the
Fee(s) Transmittal, This certificate cannot be used for any other accompanying

 

; iti ch i tor formal drawing, must
29 ante BaeakSrapehaatom frelon, me

KNOBBE MARTENS OLSON & BEAR LLP Cartificate of Mailing orTranendiesion |
2040 MAIN STREET 1 bereby caitify that thieFee G Trantrittal is being tediththeUnited

ic}
FOURTEENTH FLOOR. Steedan theMail Sop ISSUErEePaddressabovere, or being Senne
IRVINE, CA 92614 transmitted to the USPTO, on the date indicated below.

  
ATTORNEY BOGKET WS

10/374,303 02/242003 Massi B, Kiani MASIMO.172DV1 5982
TITLE OF INVENTION: PULSE OXIMETER PROBE-CFF DETECTION SYSTEM

ATTN TE wus TOTAL PRRBE
NO
 nonprovisional 31330 $300 $1630 a7 3/2004

EXAMINER ART UNIT CLASS-SUBCLASS

KREMER, MATTHEW I 3736 600-322000
  

 
 
 
  

   fT correspondence address or indication of "Fee Addresa” (37
63} 2. For printing on the palent front page,list (1) thenames of up to 3 registered patent atlameys or=|

agents OR, alternatively, (2) the name of a single
firm (having as a member a registered attomey or=2.
agent) and the names of up to 2 registered patent
attomeys ar agents. If no name ts listed, no name=3will be printed.

CORTES}

OChange of correspondence adkiresa (or Change of CorrespondenceAddresk form PTO/SBi'1 22) attached.
"Fee Address” indication (or "Fee Address" Indication formPTO/SB/47; Rev 03-02 of nuts recent) attached. Use of a Customer
Number is required,

 

 
3. ASSIGNEE MAME AND RESIDENCE DATA TQ BE PRINTED ON THE PATENT (print of type)

PLEASE NOTE:Uriess an aasi; ia identified below, no exaignee data will appear on the patent. Inclusion of sasignee data is only appropriate when an aavignment haabeer previously submilted to the USPTO oris belng subenitted under éeparate cover. Completion of this for is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (8) RESIDENCE:(CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent); O individual corporation or other private group entity UU governmenta
4a, The following fee(s) are enclesed: 4b, Payment of Fee(s):

Oissuc Fer O A checkin the amountofthe fee(s) is enclosed.
Ly Publication Fee O Payment by credit card. Form FTO-2038 is attached.
DAG - _— Di i by authorizedbycharge th ired feets), of cTedit any overpayment, to

vance Order-# of Couples Br Directorishereby authorized by charge the "faloee feets), copy htay for).
Directot for Patents 41 requested lo applythe Issue Foe and Publication Fee (ifany) or to re-apply any previously pak itsuc fee to the apptication identified above,

   
 

(Authorized Signature)

  
 
  
 

 
  

save Feo and Publication Fee (if required) willnot be accepted from anyontal Sa registered. of i je BS8 or other in
interest as shown thetesonieat the UnitedStates sent and “TrademarkOffice. party

This collection of information is required ty 37 CFR ALSI1. The information is required loobtain or retain a benefit by the public which ia to file {and by the USPTO to process) an
application, Confidentiality 1s governed by 35 U.§.C. 122 and 3TCFR 1.14. This collection isestimated to take 12 minotes to complets, including gathering, preparing, and submitting the
completed application form to the USPTO, Time will vary depending upon the individual

“ Any comments on the amount of time complete ibvase. AL i you require to this form and/or
suggestions for reducing thia burden, should be sent ts the Chief Information Office, U.S.Patent and Trademark Office, U.S. Depattment of Cammenrce, Aljaxandria, Virginia
223}3-1450, DO NGT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND TO; Commissioner for Patents, Alexandria, Virginia 22313-1450,
Under the Paperwork Reduction Act of 1995, no persona are required to respond to 8collection of information unless it displays a valid OMB control number. 

TRANSMIT THIS FORM WITH FEE(S)}
PTOL-85 (Rev. 11/03) Approved fos uss through 04/30/2004. OMB 0651-0033 U.S, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Unrrep States PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE United Slates Patent and TradtmarlAddem. COMMISSIONER FOR PATENTS

Klean 2 Uinginia TaN-1450WWLPRO.QO

10/3 74,303 02/24/2003 Massi B. Ktani MASIMO.172DV1 5982
momsaati

KNOBBE MARTENS OLSON & BEAR LLP KREMER, MATTHEW J2040 MAIN STREET
FOURTEENTH FLOOR
IRVINE, CA 92614 3736

DATE MAILED: 04/13/2004 34

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b}
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months)after the mailing date of thia notice, the Patent Term Adjustmentwill be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustmentis the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office ofPatent Publication at (703) 305-8283.

Page 3 of 3
PTOL-85 (Rev. 11/03) Approved for use through 04/30/2004.
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PATENT

Case Docket No. MASIMO.172DV1
Bate: June 22, 2004

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants 1 Massi E. Kiani et al.
CERTIFICATE OF MAILING

Appl. Na. :  10/374,303 Seeeeeeewahrerte! Sates
tarvics undo: ST Cee LAOonbee aulaicnlad below

Filed February 24, 2003 ond ore scdressed ic; Mill Sop eon Fae, Gonmiceaner
ee

For : PULSE OXIMETER PROBE. /"°°*"*° "
OFF DETECTION SYSTEM

Group An Unit: 3736

Class/Sub-Ciass: 800/322000

  Examiner Matthew J. Kremer

TRANSMITTAL LETTER

MAIL STOP ISSUE FEE
Commissionerfor Patents
P.O. Box 1456
Alexandria, VA 22313-1450

DearSir:

Enclosed for filing is the Issue Fee for the above-identified application:

(%) a Form PTOL-85;

(X) a check In the ammount of $1,430 to coverthe Issue fee; and‘

(X) a return prepaid postcard.

‘The Commissioner is hereby authorized to charge any additional fees which may be
required, cr credit any overpayment, to Account No. 11-1410.

 
Attomey of Record
Customer No. 20,995
(949) 760-0404HADOCSUMGUMG-621 8.DOG

61704
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2090 Main Strect

 Fourteenth Floor
irvine, CA 92614
Tel439-760-4004

_ Fax HOB760-9502svwnw.krnob.com

f.
Joho M. Grover

MAIL STOP ISSUE FEE
Commissionerfor Patents
P.O. Box #450
Alexandria, VA 22343-1450

CERTIFICAT gByY" .

Attorney Docket No.: ° MASIMO.172DV1

Applicants :  Massi E. Kiani etal.

For : PULSE OXIMETER PROBE-OFF
DETECTION SYSTEM

Aitorney : John M. Grover

“Express Mail”
Malling Label No. : EV 307990841 US

Date of Deposit : June 22, 2004

| hereby certify that the accompanying

Transmittal Letter; Form PTOL-8&; Check for Filing Fee; Return Prepaid
Posteard

are being deposited with the United States Postal Service “Express Mail Post Office to
Addressee” service under 37 CFR 1.10 on the date indicated above and are addressed
to the Commissioner for Patents, P.O, Box 1450, Alexandria, VA 22313-1450.

Nelson Merida

HADOCSUMGUMG-6215,00C
081708

San Dlego Sen Freneiseo lesete Riverside San Lutsa619-235-8550 495-954-4114 510-561-3450 909-781-9237 805-547.
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PATENT NO, : 6,771,994 B2 Page 1 of 1
APPLICATION NO. ; 10/374303
DATED : August 3, 2004
INVENTOR(S} : Massi E. Kiani

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At column 2, line 36, delete “embodimet” and insert -- embodiment --, therefore.

At column 6,line 3, delete “haveing” and insert -- having--, therefore.

Signed and Sealed this

Seventeenth Day ofJuly, 2007

JON W. DUDAS
Director ofthe United States Patent and Trademark Office
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INVENTOR(S) : MasslE, Kiani
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| corrected as shown below: /
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Record 1/1 US6771994B2 Pulse oximeter probe-off detection system 

Publication Number: US6771994B2 20040803 

Title: Pulse oximeter probe-off detection system 

Title - DWPI: Pulse oximeter probe off detection system determines improper fixation of probe if

open condition exists across two electrical contacts contacting skin of patient 

Priority Number: US1999140000P | US2000595081A | CA2382319A 

Priority Date: 1999-06-18 | 2000-06-16 | 2001-11-09 

Application Number: US2003374303A

Application Date: 2003-02-24

Publication Date: 2004-08-03

IPC Class Table: 

IPC Section Class Subclass Class Group Subgroup

A61B0005145 A A61 A61B A61B0005 A61B0005145

A61B000500 A A61 A61B A61B0005 A61B000500

A61B00051455 A A61 A61B A61B0005 A61B00051455

IPC Class Table - DWPI: 

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI Class Group -
DWPI

Subgroup - DWPI

A61B000500 (IPC
1-7)

A A61 A61B A61B0005 A61B000500 (IPC
1-7)

A61B0005145
(IPC 1-7)

A A61 A61B A61B0005 A61B0005145
(IPC 1-7)

A61B00050424
(IPC 1-7)

A A61 A61B A61B0005 A61B00050424
(IPC 1-7)

A61B000500 A A61 A61B A61B0005 A61B000500

A61B0005145 A A61 A61B A61B0005 A61B0005145

A61B00051455 A A61 A61B A61B0005 A61B00051455
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Assignee/Applicant: Masimo Corporation,Irvine,CA 

JP F Terms: 
JP FI Codes: 
Assignee - Original: Masimo Corporation 

Any CPC Table: 

Type Invention Additional Version Office

Current
Current

A61B 5/6843
A61B 5/14552

- 20130101
20130101

EP
EP

ECLA: A61B000568B5 | A61B00051455N2 

Abstract:

The present invention provides a number of improvements that can be incorporated into a pulse

oximeter probe to detect when a probe has become dislodged from a patient and/or to prevent a

probe-off condition. A probe-off condition occurs when the optical probe becomes partially or

completely dislodged from the patient, but continues to detect an AC signal within the operating

region of the pulse oximeter. In one aspect, the present invention provides electrical contacts that

contact the skin of a patient when the probe is properly attached. In another aspect, the present

invention provides a number of louvers placed in front of the sensor's photodetector to filter out

oblique light rays that do not originate from a point in front of the detector. Accordingly, if the

emitter and photodetector are not properly aligned, the photodetector will not produce a signal

within the valid operating range of the pulse oximeter. In accordance with a method of the present

invention the pulse oximeter can sound an alarm or display a warning if it determines that the

probe is not properly attached to the patient. 

Language of Publication: EN

INPADOC Legal Status Table: 

Gazette Date Code INPADOC Legal Status Impact

2019-08-15 AS -

Description:  ASSIGNMENT   MASIMO CORPORATION, CALIFORNIA   ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNORS:KIANI, MASSI E.; DIAB, MOHAMED K.; REEL/FRAME:050068/0744   2000-08-31 

2018-11-07 AS -

Description:  ASSIGNMENT   MASIMO AMERICAS, INC., CALIFORNIA   RELEASE BY SECURED PARTY;
ASSIGNOR:JPMORGAN CHASE BANK, NATIONAL ASSOCIATION; REEL/FRAME:047443/0109   2018-04-05 
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2018-11-07 AS -

Description:  ASSIGNMENT   MASIMO CORPORATION, CALIFORNIA   RELEASE BY SECURED PARTY;
ASSIGNOR:JPMORGAN CHASE BANK, NATIONAL ASSOCIATION; REEL/FRAME:047443/0109   2018-04-05 

2016-02-05 SULP +

Description:  SURCHARGE FOR LATE PAYMENT   FEE PAYMENT YEAR 11 

2016-02-05 FPAY +

Description:  FEE PAYMENT   FEE PAYMENT YEAR 12 

2014-05-27 AS -

Description:  ASSIGNMENT   JPMORGAN CHASE BANK, NATIONAL ASSOCIATION, ILLINOI   CORRECTIVE
ASSIGNMENT TO CORRECT THE NATURE OF CONVEYANCE PREVIOUSLY RECORDED AT REEL: 032784 FRAME:
0864. ASSIGNOR(S) HEREBY CONFIRMS THE SECURITY AGREEMENT; ASSIGNORS:MASIMO AMERICAS, INC.;
MASIMO CORPORATION; REEL/FRAME:033032/0426   2014-04-23 

2014-05-27 AS -

Description:  ASSIGNMENT   JPMORGAN CHASE BANK, NATIONAL ASSOCIATION, ILLINOIS   CORRECTIVE
ASSIGNMENT TO CORRECT THE NATURE OF CONVEYANCE PREVIOUSLY RECORDED AT REEL: 032784 FRAME:
0864. ASSIGNOR(S) HEREBY CONFIRMS THE SECURITY AGREEMENT; ASSIGNORS:MASIMO AMERICAS, INC.;
MASIMO CORPORATION; REEL/FRAME:033032/0426   2014-04-23 

2014-04-29 AS -

Description:  ASSIGNMENT   JPMORGAN CHASE BANK, NATIONAL ASSOCIATION, ILLINOI   ASSIGNMENT OF
ASSIGNORS INTEREST; ASSIGNORS:MASIMO CORPORATION; MASIMO AMERICAS, INC.; REEL/FRAME:032784/0864
2014-04-23

2014-04-29 AS -

Description:  ASSIGNMENT   JPMORGAN CHASE BANK, NATIONAL ASSOCIATION, ILLINOIS   ASSIGNMENT OF
ASSIGNORS INTEREST; ASSIGNORS:MASIMO CORPORATION; MASIMO AMERICAS, INC.; REEL/FRAME:032784/0864
2014-04-23

2011-09-22 FPAY +

Description:  FEE PAYMENT   FEE PAYMENT YEAR 8 

2008-01-31 FPAY +

Description:  FEE PAYMENT   FEE PAYMENT YEAR 4 

2007-07-17 CC -

Description:  CERTIFICATE OF CORRECTION 
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2004-07-15 STCF -

Description:  INFORMATION ON STATUS: PATENT GRANT   PATENTED CASE 

Post-Issuance (US):  CORR-CERT Certificate of Correction 2007-07-17 2007 2007-08-07 2007 a

Certificate of Correction was issued for this patent 

Reassignment (US) Table: 

Assignee Assignor Date Signed Reel/Frame Date

MASIMO
CORPORATION,IRVINE,CA,
US

JPMORGAN CHASE BANK,
NATIONAL ASSOCIATION

2018-04-05 047443/0109 2018-11-07

MASIMO AMERICAS
INC.,IRVINE,CA,US

- - - -

Conveyance:  RELEASE BY SECURED PARTY (SEE DOCUMENT FOR DETAILS).  |  RELEASE BY SECURED PARTY
(SEE DOCUMENT FOR DETAILS). 

Corresponent:  PAUL HASTINGS LLP 4747 EXECUTIVE DR. 12TH FLOOR SAN DIEGO, CA 92121  |  PAUL HASTINGS
LLP 4747 EXECUTIVE DR. 12TH FLOOR SAN DIEGO, CA 92121 

JPMORGAN CHASE BANK
NATIONAL
ASSOCIATION,CHICAGO,IL,
US

MASIMO AMERICAS, INC. 2014-04-23 033032/0426 2014-05-27

MASIMO CORPORATION 2014-04-23 - -

Conveyance:  CORRECTIVE ASSIGNMENT TO CORRECT THE NATURE OF CONVEYANCE PREVIOUSLY RECORDED
AT REEL: 032784 FRAME: 0864. ASSIGNOR(S) HEREBY CONFIRMS THE SECURITY AGREEMENT. 

Corresponent:  PATRICK TIERNEY PO BOX 2828 CHICAGO, IL 60690-2828 

JPMORGAN CHASE BANK
NATIONAL
ASSOCIATION,CHICAGO,IL,
US

MASIMO CORPORATION 2014-04-23 032784/0864 2014-04-29

MASIMO AMERICAS, INC. 2014-04-23 - -

Conveyance:  ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS). 

Corresponent:  PATRICK TIERNEY PO BOX 2828 CHICAGO, IL 60690-2828 

MASIMO
CORPORATION,IRVINE,CA,
US

KIANI, MASSI E. 2000-08-31 050068/0744 2019-08-15

DIAB, MOHAMED K. 2000-08-31 - -

Conveyance:  ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS). 

Corresponent:  KNOBBE MARTENS OLSON & BEAR LLP 2040 MAIN STREET 14TH FLOOR IRVINE, CA 92614 
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Maintenance Status (US): CC

Litigation (US):  2020-01-09 2020 Masimo Corporation Cercacor Laboratories, Inc. Apple Inc.

C.D. California 8:20cv00048 

Opposition (EP): 
License (EP): 
EPO Procedural Status: 
Front Page Drawing: 

Priority Number - DWPI: US1999140000P | US2000595081A | CA2382319A | US2003374303A 
Priority Date - DWPI: 1999-06-18 | 2000-06-16 | 2001-11-09 | 2003-02-24 
Assignee - Current US: MASIMO CORPORATION | MASIMO AMERICAS INC. 
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