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1
OXIMETER PROBE OFF INDICATOR
DEFINING PROBE OFF SPACE

PRIORITY CLAIM

The present application claims priority benefit under 35
U.S.C. §120 to, and is a continuation of U.S. patent applica-
tion Ser. No. 11/871,690, filed Oct. 12, 2007 entitled “Oxime-
ter Probe Off Indicator Defining Probe Off Space”, now U.S.
Pat. No. 8,265,723, which claims priority benefit under 35
US.C. §119(e) from U.S. Provisional Application No.
60/851,448, filed Oct. 12, 2006, entitled “Oximeter Probe Off
Indicator Defining Probe Off Space”. The present application
also incorporates the foregoing disclosures herein by refer-
ence.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present disclosure is related to U.S. Pat. Nos. 6,526,
300, 6,654,624, and the continuation, continuation-in-part,
and divisional applications thereof. The foregoing disclo-
sures are incorporated herein by reference and included in the
present provisional filing.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The present disclosure relates in general to patient moni-
toring and in particular to oximeter patient monitors capable
of indicating probe off conditions.

2. Description of the Related Art

Oximeter systems providing measurements of a monitored
patient have become the standard of care in many patient care
settings, including surgical, post surgical, neonatal, general
ward, home care, physical training, and the like. In general,
oximeter systems accept one or more noninvasive signals
from an optical sensor or probe capable of emitting light into
a tissue site and capable of detecting light attenuated by the
tissue site. Accurate determination of the measurements and
audio/visual indications is often dependent upon proper
application of the optical sensor to the tissue site. In the
present disclosure, “probe on” conditions include their ordi-
nary broad meaning known to one of skill in the art, including
designating proper application of an optical probe to a mea-
surement site. “Probe off” conditions include their ordinary
broad meaning known to one of skill in the art, including
designating improper application of an optical probe to a
measurement site.

Many oximeters may fail to accurately detect probe off
conditions. As stated, this condition occurs when the optical
sensor becomes partially or completely dislodged from the
patient (measurement site), but continues to detect signals.
Probe off errors can be serious because the oximeter may
output normal measurements, and audio/visual indications of
the monitored parameters when, in fact, the probe is not
properly attached to the patient, probe off errors may poten-
tially lead to missed physiological events.

Several solutions to more accurately monitor and detect
probe off conditions are disclosed in U.S. Pat. No. 6,654,624,
assigned to Masimo Corporation (“Masimo”) of Irvine,
Calif., and incorporated by reference herein. For example, the
’624 patent discloses monitor-based detection of probe off
conditions. In particular, an intelligent, rule-based processor
uses signal quality measurements to limit the operating
region of the oximeter without significant negative impact on
low perfusion performance. These signal-quality operating
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limits are superimposed on a graph of signal strength versus
emitter gain to improve probe off detection. In this manner,
the oximeter can reject intensity signals that have sufficient
signal strength to fall within an operating region, but that are
unlikely to be a plethysmograph signal. One signal quality
measurement that is used is pulse rate density, which is the
percentage of time detected pulses satisfy a physiologically
acceptable model. Another signal quality measurement is
harmonic energy ratio, which is the percentage of signal
energy that occurs at the pulse rate and its harmonics. The
operating region of the oximeter is then defined in terms of
signal strength versus gain, signal strength versus PR density
and energy ratio versus predefined energy ratio limits. Thus,
the *624 disclosure seeks to limit the scope of acceptable
probe on space, as defined by signal strength versus gain, PR
density, and energy ratios, and seeks to designate all non-
probe on space as probe off space.

SUMMARY OF THE DISCLOSURE

An embodiment of the present disclosure seeks to select
characteristics of incoming intensity data that cause compari-
sons of the selected characteristics to produce defined probe
off space having reduced crossover with defined probe on
space. Once defined, the present disclosure compares char-
acteristics of incoming intensity data with the now defined
probe off space, and in some embodiments, probe on space, to
determine whether a probe off condition exists. When a pro-
cessor determines a probe off condition exists, the processor
may output or trigger an output signal that audibly and/or
visually indicates to a user that the optical sensor should be
adjusted for a proper application to a measurement site.

In an embodiment, the characteristics include ratio data,
such as, for example, data of signals responsive to the inten-
sity signals normalized through division by one of the inten-
sity signals. Such division generates ratio data channels, each
indicative of one intensity signal other than the normalizing
signal. The ratio data channels can be monitored during clini-
cal or other trials where probe off conditions are known to
exist. Moreover, oximeter manufacturers typically monitor
ratio data channels during, for example, the clinical trials to
relate acquired data to the accurate determination of physi-
ological parameter measurements and/or the audio and visual
indications of the same. Thus, probe off trial data can be
usable to determine probe off space defined in the context of
the acquired ratio data on two or more data channels. More-
ovet, the clinical trial data can also be usable to determine
probe on space defined in the context of the acquired ratio
data on one or more of the ratio data channels during valid
patient monitoring.

Once the probe off space, and in some embodiments, the
probe on space, is defined, ratio data acquired before, peri-
odically during, randomly or pseudo-randomly during patient
measurements, combinations of the same, or the like, can be
compared against stored probe off and probe on spaces to
determine whether a probe off condition exists.

For purposes of summarizing the disclosure, certain
aspects, advantages and novel features of the disclosure have
been described herein. Of course, it is to be understood that
not necessarily all such aspects, advantages or features will be
embodied in any particular embodiment of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

A general architecture that implements the various features
of the disclosure will now be described with reference to the
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drawings. The drawings and the associated descriptions are
provided to illustrate embodiments of the disclosure and not
to limit its scope.

FIG. 1 illustrates an exemplary oximeter patient monitor-
ing system, according to an embodiment of the disclosure.

FIG. 2 illustrates an exemplary block diagram of the
oximeter patient monitoring system of FI1G. 1.

FIG. 3 illustrates exemplary tables of ratio channel data for
probe on and probe off conditions, according to an embodi-
ment of the disclosure.

FIGS. 4-7 illustrate exemplary comparative graphs of the
ratio channel data of FIG. 3.

FIG. 8 illustrates a simplified exemplary block diagram of
a probe off detector, according to an embodiment of the
disclosure.

FIG. 9 illustrates an exemplary probe off determination
method, according to an embodiment of the disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

To facilitate a further understanding of the disclosure, the
remainder of the description describes the disclosure with
reference to specific drawings. Moreover, in this application,
reference is made to blood parameters. Some references have
common shorthand designations. For example, as used
herein, HbCO designates carboxyhemoglobin, HbMet desig-
nates methemoglobin, HbT designates total hemoglobin,
SpO, designates functional arterial saturation, and SpaO,
designates fractional arterial saturation. Other shorthand des-
ignations such as COHb, MetHb, and tHb are also common in
the art for these same constituents. These constituents are
generally reported in terms of a percentage, often referred to
as saturation, relative concentration, concentration, or frac-
tional saturation. Total hemoglobin is generally reported as a
concentration in g/dL. The use of the particular shorthand
designators presented in this application does not restrict the
term to any particular manner in which the designated con-
stituent is reported.

FIG. 1 illustrates a perspective view of a patient monitor
system 100, according to an embodiment of the present dis-
closure. The system 100 includes a portable patient monitor
102 capable of noninvasively determining one or more physi-
ological parameters. In an embodiment, the portable patient
monitor 102 may mechanically and electrically mate with a
docking station 104 to recharge batteries, upload and down-
load information, upgrade software or firmware, communi-
cate with other monitors or the like. The monitor 102 also
comprises one or more displays 106 capable displaying of a
wide variety of measured values in a manner that provides for
quick and efficient conveyance of information to a caregiver.
For example, the display 106 displays values for HbCO 108,
HbMet 109, MbT 110, SpO, 112, SpaO, 114, beats-pet-
minute 116, scaled plethysmograph data 118, PI™120 and
other information including information audibly and/or visu-
ally alerting a caregiver to any probe off conditions. The other
information may include historical or trending data, com-
bined parameter data, confidence or perfusion indicators, or
the like.

FIG. 1 further illustrates the monitor 102 communicating
with a reusable optical sensor 154 through a patient cable 156.
In general, the monitor 102 drives the sensor 154 to emit light
of differing wavelengths into the body tissue 158. The sensor
154 detects the light after attenuation by the body tissue 158
and outputs a signal indicative ofthe amount of light received
by the sensor 154 through the cable 156. In addition, in some
embodiments, the monitor 102 communicates with a tem-
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perature sensor and/or a memory device associated with one
or more of the sensor 154 and the cable 156.

In an embodiment, the monitor 102 receives sensor output
and determines continuous and non-invasive measurements
of a wide variety of blood parameters. Although disclosed
with reference to the portable monitors 102, an artisan will
recognize from the disclosure herein that aspects of the
present disclosure can be adopted into tabletop monitors,
wireless sensors, or other patient-wearable personal moni-
tors, or multi-parameter patient monitors.

The sensor 154 may advantageously comprise a reusable
sensor in the form a clip including a spring biased pivot point
capable of removably attaching the reusable sensor to a
patient’s finger 158. Although disclosed with reference to a
reusable sensor having a spring, an artisan will recognize
from the disclosure herein that the sensor 154 can advanta-
geously comprise a disposable adhesive type sensor, a com-
bination sensor including reusable and disposable compo-
nents, components incorporated into other medical devices
such as catheters, or the like, or other reusable sensor designs.
Moreover, the artisan will recognize from the disclosure
herein that the sensor 154 can comprise mechanical struc-
tures, adhesive or other tape structures, Velcro wraps or com-
bination structures specialized for the type of patient, type of
monitoring, type of monitor, or the like. In an embodiment,
the sensor 154 provides data to the monitor 102, and vice
versa through the cable 156, although such communication
can advantageously be wireless, over public or private net-
works or computing systems or devices, through intermediate
medical or other devices, combinations of the same, or the
like. In an embodiment, the monitor 102 may include one or
more audio, visual or messaging (pagers, emails, instant and
phone messages, vocally presented numbers, messages and
alarms, voice-over-IP (“VOIP”) interfaces and functionality,
or the like) alarms, user input keypad 160, or the like.

Although described in terms of certain embodiments, other
embodiments or combination of embodiments will be appar-
ent to those of ordinary skill in the art from the disclosure
herein. For example, the monitor 102 may combine other
information with intensity-derived information to influence
diagnoses or device operation. For example, patterns or
changes in the continuous noninvasive monitoring of inten-
sity-derived information may cause the activation of other
vital sign measurement devices, such as, for example, blood
pressure cuffs. Moreover, the monitor 102 may comprise a
personal or wearable noninvasive multi-parameter patient
monitor that wirelessly communicates with a monitoring sta-
tion to provide the monitoring station with measurements for
some or all of the physiological parameters measurable by the
monitor. For example, the monitor may travel with a patient as
the patient, for example, moves through a care site such as a
hospital. Wireless networks incorporating such personal
pulse technologies are commercially available from Masimo
marketed under the brand RadNet™ and RadLink™. Other
monitors 102 may include a wireless patient monitor where a
traditional sensor communicates with a wireless transmission
device wearable, for example, on the wrist. In other embodi-
ments, the wireless transmission device may advantageously
be incorporated into a sensor housing adapted for wireless
communication. In an embodiment, a wireless receiver com-
municates with a sensor port in the same manner as a wired
sensor. Thus, a traditional sensor and a traditional sensor port
may be unaware that a patient cable has been replaced with
wireless transmissions.

FIG. 2 illustrates an exemplary block diagram of an
embodiment of a patient monitoring system 200. As shown in
FIG. 2, the system 200 includes a patient monitor 202 com-
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prising a processing board 204 and a host instrument 208. The
processing board 204 communicates with a sensor 206 to
receive one or more intensity signal(s) indicative of one or
more parameters of tissue of a patient. The processing board
204 also communicates with a host instrument 208 to display
determined parameter values calculated using the one or more
intensity signals. According to an embodiment, the board 204
comprises processing circuitry arranged on one or more
printed circuit boards capable of installation into the monitor
202, or capable of being distributed as some or all of one or
more OEM components for a wide variety of host instruments
monitoring a wide variety of patient information. In an
embodiment, the processing board 204 comprises a sensor
interface 210, a digital signal processor and signal extractor
(“DSP” or “processor”) 212, and an instrument manager 214.
In general, the sensor interface 210 converts digital control
signals into analog drive signals capable of driving sensor
emitters, and converts composite analog intensity signal(s)
from light sensitive detectors into digital data.

In an embodiment, the sensor interface 210 manages com-
munication with external computing devices. For example, in
an embodiment, a multipurpose sensor port (or input/output
port) is capable of connecting to the sensor 206 or alterna-
tively connecting to a computing device, such as a personal
computer, a PDA, additional monitoring equipment or net-
works, or the like. When connected to the computing device,
the processing board 204 may upload various stored data for,
for example, off-line analysis and diagnosis. The stored data
may comprise trend data for any one or more of the measured
parameter data, plethysmograph waveform data acoustic
sound waveform, or the like. Moreover, the processing board
204 may advantageously download from the computing
device various upgrades or executable programs, may pet-
form diagnosis on the hardware or software of the monitor
202. In addition, the processing board 204 may advanta-
geously be used to view and examine patient data, including
raw data, at or away from a monitoring site, through data
uploads/downloads, or network connections, combinations,
or the like, such as for customer support purposes including
software maintenance, customer technical support, and the
like.

According to an embodiment, the DSP 212 comprises a
processing device based on the Super Harvard ARChitecture
(“SHARC?”), such as those commercially available from Ana-
log Devices. However, a skilled artisan will recognize from
the disclosure herein that the DSP 212 can comprise a wide
variety of data and/or signal processors capable of executing
programs for determining physiological parameters from
input data. In particular, the DSP 212 includes program
instructions capable of receiving multiple channels of data
related to one or more intensity signals representative of the
absorption (from transmissive or reflective sensor systems) of
a plurality of wavelengths of emitted light by body tissue. In
an embodiment, the DSP 212 accepts data related to the
absorption of two (2) to eight (8) wavelengths of light,
although an artisan will recognize from the disclosure herein
that the data can be related to the absorption of two (2) to
sixteen (16) or more wavelengths.

The processing board 204 also includes the instrument
manager 214. According to an embodiment, the instrument
manager 214 may comprise one or more microcontrollers
controlling system management, including, for example,
communications of calculated parameter data and the like to
the host instrument 208. The instrument manager 214 may
also act as a watchdog circuit by, for example, monitoring the
activity of the DSP 212 and resetting it when appropriate.
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The sensor 206 may comprise a reusable clip-type sensor,
a disposable adhesive-type sensor, a combination sensor hav-
ing reusable and disposable components, or the like. More-
over, an artisan will recognize from the disclosure herein that
the sensor 206 can also comprise mechanical structures,
adhesive or other tape structures, Velcro wraps or combina-
tion structures specialized for the type of patient, type of
monitoring, type of monitor, or the like. In an embodiment,
the sensor 206 provides data to the board 204 and vice versa
through, for example, a patient cable. An artisan will also
recognize from the disclosure herein that such communica-
tion can be wireless, over public or private networks or com-
puting systems or devices, or the like.

The sensor 206 includes a plurality of emitters 216 irradi-
ating the body tissue 218 with differing wavelengths of light,
and one or more detectors 220 capable of detecting the light
after attenuation by the tissue 218. The sensor 206 may also
include other electrical components such as, for example, a
memory device 222 comprising an EPROM, EEPROM,
ROM., RAM, microcontroller, combinations of the same, or
the like. In an embodiment, other sensor components may
include a temperature determination device 223.

The memory 222 may advantageous store some or all of a
wide variety data and information, including, for example,
information on the type or operation of the sensor 206; type or
identification of sensor buyer or distributor or groups of buyer
or distributors, sensor manufacturer information, sensor char-
acteristics including the number of emitting devices, the num-
ber of emission wavelengths, data relating to emission cen-
troids, data relating to a change in emission characteristics
based on varying temperature, history of the sensor tempera-
ture, current, or voltage, emitter specifications, emitter drive
requirements, demodulation data, calculation mode data, the
parameters for which the sensor is capable of supplying suf-
ficient measurement data (e.g., HbCO, HbMet, HbT, or the
like), calibration or parameter coefficient data, software such
as scripts, executable code, or the like, sensor electronic ele-
ments, whether the sensor is a disposable, reusable, multi-
site, partially reusable, partially disposable sensor, whether it
is an adhesive or non-adhesive sensor, whether the sensoris a
reflectance, transmittance, or transreflectance sensor,
whether the sensor is a finger, hand, foot, forehead, or ear
sensor, whether the sensor is a stereo sensor or a two-headed
sensor, sensor life data indicating whether some or all sensor
components have expired and should be replaced, encryption
information, keys, indexes to keys or hash functions, or the
like, monitor or algorithm upgrade instructions or data, some
or all of parameter equations, information about the patient,
age, sex, medications, and other information that may be
useful for the accuracy or alarm settings and sensitivities,
trend history, alarm history, or the like. In an embodiment, the
monitor may advantageously store data on the memory
device, including, for example, measured trending data for
any number of parameters for any number of patients, or the
like, sensor use or expiration calculations, sensor history, or
the like.

The patient monitor 202 also includes the host instrument
208. In an embodiment, the host instrument 208 communi-
cates with the board 204 to receive signals indicative of the
physiological parameter information calculated by the DSP
212. The host instrument 208 preferably includes one or more
display devices 224 capable of displaying indicia representa-
tive of the calculated physiological parameters of the tissue
218 at the measurement site. In an embodiment, the host
instrument 208 may advantageously comprise a handheld
housing capable of displaying parameter data, including but
not limited to pulse rate, plethysmograph data, perfusion



US 9,370,326 B2

7

quality such as a perfusion quality index (“PI™”), signal or
measurement quality (“SIQ”), values of blood constituents in
body tissue, including for example, SpO,, HbCO, HbMet,
Hbt, or the like. In other embodiments, the host instrument
208 is capable of displaying values for one or more of Hbt,
Hb, blood glucose, bilirubin, or the like. The host instrument
208 may be capable of storing or displaying historical or
trending data related to one or more of the measured values,
combinations of the measured values, plethysmograph data,
or the like. The host instrument 208 also includes an audio
indicator 226 and user input device 228, such as, for example,
a keypad, touch screen, pointing device, voice recognition
device, or the like.

In still additional embodiments, the host instrument 208
includes audio or visual alarms that alert caregivers that one
or more physiological parameters are falling below predeter-
mined safe thresholds. The host instrument 208 may include
indications of the confidence a caregiver should have in the
displayed data. In a further embodiment, the host instrument
208 may advantageously include circuitry capable of deter-
mining the expiration or overuse of components of the sensor
206, including, for example, reusable elements, disposable
elements, or combinations of the same.

Although described in terms of certain embodiments, other
embodiments or combination of embodiments will be appar-
ent to those of ordinary skill in the art from the disclosure
herein. For example, the monitor 202 may comprise one or
more monitoring systems monitoring parameters, such as, for
example, vital signs, blood pressure, ECG or EKG, respira-
tion, glucose, bilirubin, or the like. Such systems may com-
bine other information with intensity-derived information to
influence diagnosis or device operation. Moreover, the moni-
tor 202 may advantageously include an audio system, prefer-
ably comprising a high quality audio processor and high
quality speakers to provide for voiced alarms, messaging, or
the like. In an embodiment, the monitor 202 may advanta-
geously include an audio out jack, conventional audio jacks,
headphone jacks, or the like, such that any of the display
information disclosed herein may be audiblized for a listener.
For example, the monitor 202 may include an audible trans-
ducer input (such as a microphone, piezoelectric sensor, or
the like) for collecting one or more of heart sounds, lung
sounds, trachea sounds, or other body sounds and such
sounds may be reproduced through the audio system and
output from the monitor 202. Also, wired or wireless com-
munications (such as Bluetooth or WiFi, including IEEE
801.11a, b, or g), mobile communications, combinations of
the same, or the like, may be used to transmit the audio output
to other audio transducers separate from the monitor 202. In
addition, patterns or changes in the continuous noninvasive
monitoring of intensity-derived information may cause the
activation of other vital sign measurement devices, such as,
for example, blood pressure cuffs.

FIG. 2 also illustrates the DSP 112 including memory
capable of storing data indicative of a defined probe off space
260 and a defined probe on space 262. In a further embodi-
ment, the spaces 260, 262 include ratio data 264, 266. For
example, the probe off space 260 or probe on space 262 may
include data acquired through clinical or other trials where
data was gathered during known probe off conditions.
Examples of such trials may include a myriad of possible
common occurrences in hospital or caregiver settings, such
as, for example, attaching a reusable clip to a standard hos-
pital bed sheet, instrument pole, clothing, or leaving the clip
hanging in the air in one or a variety of lighting conditions. In
addition, in an embodiment, the probe off data 260 may
include clinical experiments where a sensor hangs approxi-
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mately eighteen (18) inches off the edge of a desk with a fan
set on low placed about three (3) feet from the sensor. Data
was collected in five-minute intervals in various lighting con-
ditions, including, for example: (1) ambient light, such as
when lights are on in a room; (2) dim or dark light. such as
when many of the lights are off in the room; (3) shadow light,
such as when lights are off and a separate light is positioned to
create shadows from the desk edge that the sensor will swing
in to and out of during data collection; (4) reflective light,
such as when a box is placed approximately six (6) inches
from the sensor with the sensor light emitters facing the box,
and (i) all lights are on in the room, and (i1) all other lights are
off in the room.

While disclosed with reference to some or all of the fore-
going clinical data collections, an artisan will recognize from
the disclosure herein that many common probe off environ-
mental conditions could be simulated to create large data sets
of ratio channel data during such probe off conditions, includ-
ing, for example, collection of data when emitters and detec-
tor are separated only by air, or the like.

The probe on space 262 may include data acquired through
clinical or other trials where data was gathered to, for
example, determine correlations between monitor acquired
measurement data and clinically or model acquired measure-
ment data. Such experiments carefully monitor the condition
of probe placement, and therefore, generally define probe on
space. Such probe on space may be further limited using
techniques disclosed, for example, in the *624 patent refer-
enced in the foregoing or other techniques recognizable to an
artisan from the disclosure herein.

FIG. 3 illustrates exemplary tables 302, 304 of ratio data
for probe on 304 and probe off 302 conditions, according to
an embodiment of the disclosure. As shown in FIG. 3, the
probe off table 302 comprises ratio data ranges for data chan-
nels associated with particular wavelengths in at least an eight
(8) wavelength oximeter system, the ratio data ranges
acquired, for example, during one or more of the foregoing
probe off clinical trials. For example, in an embodiment, the
monitor drives eight (8) light-emitting diodes (LEDs) with
nominal centroids at about 610, about 620, about 630, about
660, about 700, about 730, about 800 and about 905 nm.
Although disclosed in reference to certain preferred wave-
lengths, an embodiment of the eight (8) emission centroids
may range from about 605 nm to about 614 nm, from about
615 nm to about 624 nm, from about 625 nm to about 635 nm,
from about 655 nm to about 665 nm, from about 690 nm to
about 710 nm, from about 720 nm to about 740 nm, from
about 785 nm to about 825 nm, and from 875 nm to about 935
nm. An artisan will recognize from the disclosure herein that
other wavelengths may be of particular value based on, for
example, the absorption spectra of desired physiological
parameters, their responsiveness to probe off conditions, or
the like. For example, experimental data may determine that
wavelengths different from those particularly useful in deter-
mining measurement and other displayed data may advanta-
geously be used to determine probe off and/or probe on con-
ditions, as discussed herein. A particular patient monitor may
use a certain number of wavelengths for measurement chan-
nels and some subgroup or an entirely different additional
group of wavelengths for the probe off determinations. For
example a monitor may use two (2) to eight (8) or more
wavelengths selected for their responsiveness to physiologi-
cal parameters, and may use one (1) to eight (8) or more
overlapping, entirely different, or the like, of wavelengths for
probe off and/or probe on determinations. In such embodi-



US 9,370,326 B2

9

ments, the wavelengths may be determined based on their
ability to clearly distinguish probe off space from probe on
space.

The data channel 306 corresponds to detection of light at
approximately 700 nm and is used to normalize the other data
channels, although other channels could also be used. From
the tables 302, 304, selection of the data channels 308, 310
correspond to light detected from emission of the 610 nm and
630 nm LED’s, respectively, increase the likelihood that
probe off space can accurately be determined. For example, in
the data channels corresponding to the 610 nm and 630 nm
LED’s the probe off space 302 and the probe on space 304 do
not overlap with or otherwise conflict with one another. This
distinction can be graphically represented as shown in FIGS.
4-7. For example, FIG. 4 illustrates the distance between valid
probe on data or probe on space 402 versus valid probe off
data or probe off space 404 for data channels corresponding to
the detection of light at 610 and 620 nm. FIG. 5 similarly
illustrates the space separation for data channels correspond-
ing to the detection of light at 610 and 630 nm, and FIG. 6
illustrates the space separation for data channels correspond-
ing to the detection of light at 620 and 630 nm. Reviewing
FIGS. 4-6 collectively, FIG. 5 shows the clearest or largest
distinction between potentially valid probe on space 502 and
probe off space 504. Thus, were an oximeter system to made
a two (2) dimensional comparison using the foregoing data
channels, it would be best served to use the data channels
corresponding to the detection of light at 610 and 630 nm.

FIG. 7 illustrates a three (3) dimensional graph that com-
bines the data channels corresponding to the detection of light
at 610, 620 and 630 nm. Although FIGS. 4 and 6 indicate that
the data channel corresponding to 620 nm is not ideal for the
separation of spaces, the three (3) dimensional plot of FIG. 7
illustrates that higher dimensions of space increase the sepa-
ration between defined probe off 704 and probe on 702
regions. Thus, in an oximeter having eight (8) wavelengths of
emitted light, a probe off and probe on space may be defined
using as many as seven (7) dimensions (the eighth being used
for normalization). Such increased dimensional analysis may
advantageously provide ever increasing separation between
defined probe off and probe on regions.

FIG. 8 illustrates a simplified exemplary block diagram of
a probe off detector 802, according to an embodiment of the
disclosure. As shown in FIG. 8, the probe off detector 802
includes inputs of data channels 804 corresponding to two (2)
or more wavelengths of emitted light, probe off data 806, and
in some embodiments, probe on data 806. Comparison of
characteristics of the data channels, such as, for example,
ratio data, can be compared to multidimensional probe off
and/or probe on space to determine and output 808 of a probe
off indication.

FIG. 9 illustrates an exemplary probe off determination
process 900, according to an embodiment of the disclosure.
The process 900 includes block 902 where probe off data is
collected from, for example, clinical trials, mathematical
models, extrapolated data, non-probe on data, or the like. In
block 904, the collected probe off (and, in some embodi-
ments, probe on data) may be reviewed to determine charac-
teristics that reduce crossover between probe off and probe on
space. For example, characteristics may be chosen that
decouple the probe off determinations from measurement
determinations. For example, when the characteristics com-
prise ratio data, or normalized data channels responsive to
intensity data channels from the sensor, the ratio data corre-
sponding to particular wavelengths may indicate a greater
separation between valid parameter data (probe on condi-
tions) and probe off conditions. In some embodiments,
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increasing the dimensions may advantageously cause further
separation between valid and invalid conditions.

Inblock 906, the probe off data (and in some embodiments,
probe on data) is stored in memotry on a patient monitor. In an
embodiment, such probe on or off data may be updated
through upgrading tools, network connectivity such as the
internet, smartcards, or other memory devices or network
computing. In block 908, the patient monitor acquires data
from a measurement site. The acquisition may be at or near a
start of data acquisition, periodically throughout acquisition,
randomly, in response to particular conditions or changes in
conditions, combinations of the same or the like. In block
910, the DSP compares characteristics of the acquired data to
the characteristics stored as probe on and off data. Block 912
determines whether a probe off exists by determining whether
the characteristics fall within one of the probe off or probe on
spaces. When the acquired data falls within the probe off
space, a probe off condition is determined to exist and in
block 914, the DSP triggers a probe off indicator. The probe
off indicator may be an audible sound, such as a constant or
varying tone or beep, a visual indicator, such as a flashing
and/or colored display or display element(s), combinations of
the same or the like. The probe off indicator may comprise
help screens or training indicia to guide a caregiver on how to
properly attach the probe. The probe off indicator may con-
tinue to activate until the probe is properly positioned. In the
case of a probe off condition, the process 900 returns to block
908 and acquires data from the measurement site. When a
probe off condition does not exist at block 912, block 914
determines parameter measurements according to probe on
operation of the patient monitor.

While the probe off indicator has been described in certain
embodiments herein, other embodiments of the present dis-
closure will be known to those of skill in the art from the
descriptions herein. Moreover, the described embodiments
have been presented by way of example only, and are not
intended to limit the scope of the disclosure. Moreover, those
of skill in the art understand that information and signals can
be represented using a variety of different technologies and
techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that can be
referenced throughout the above description may be repre-
sented by voltages, currents, electromagnetic waves, mag-
netic fields or particles, optical fields or particles, or any
combination thereof.

Those of skill in the art further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the embodiments dis-
closed herein can be implemented as electronic hardware,
computer software, or combinations of both. To illustrate this
interchangeability of hardware and software, various illustra-
tive components, blocks, modules, circuits, and steps have
been described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
can implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein can be implemented or performed with a gen-
eral purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
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components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
can be a microprocessor, but in the alternative, the processor
can be any conventional processor, controller, microcontrol-
ler, or state machine. A processor can also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps of amethod or algorithm described in connection
with the embodiments disclosed herein can be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
can reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a
removabledisk, a CD-ROM, or other form of storage medium
known in the art. A storage medium is coupled to the proces-
sor, such that the processor can read information from, and
write information to, the storage medium. In the alternative,
the storage medium can be integral to the processor. The
processor and the storage medium can reside in an ASIC. The
ASIC can reside in a user terminal, physiological monitor
and/or sensor. The processor and the storage medium can
reside as discrete components in a user terminal, physiologi-
cal monitor and/or sensor.

Although the foregoing disclosure has been described in
terms of certain preferred embodiments, other embodiments
will be apparent to those of ordinary skill in the art from the
disclosure herein. Additionally, other combinations, omis-
sions, substitutions and modifications will be apparent to the
skilled artisan in view of the disclosure herein. Moreover, it is
contemplated that various aspects and features of the disclo-
sure described can be practiced separately, combined
together, or substituted for one another, and that a variety of
combination and subcombinations of the features and aspects
can be made and still fall within the scope of the disclosure.
Furthermore, the systems described above need not include
all of the modules and functions described in the preferred
embodiments. Accordingly, the present disclosure is not
intended to be limited by the recitation of the preferred
embodiments, but is to be defined by reference to the
appended claims.

Additionally, all publications, patents, and patent applica-
tions mentioned in this specification are herein incorporated
by reference to the same extent as if each individual publica-
tion, patent, or patent application was specifically and indi-
vidually indicated to be incorporated by reference.
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What is claimed is:

1. In a pulse oximetry system including a noninvasive
optical probe and a pulse oximeter including a memory, a
method of determining that said optical probe is not properly
positioned with respect to a measurement site on a patient, the
method comprising:

providing said probe and said oximeter, said memory of

said oximeter including measurements collectively

defining a probe off space, said probe off space deter-

mined by at least the following:

receiving one or more first signals from a different non-
invasive optical probe positioned proximate a differ-
ent patient or proximate no patient, said first signals
normally responsive to light attenuated by body tissue
at said measurement site of said different patient,
however, said first signals being received by said dif-
ferent probe during known probe off conditions, said
light corresponding to emission centroids configured
to be centered at least one pair of (1) 610 nm and 620
nm, (i) 610 nm and 630 nm, or (iii) 620 nm and 630
nm’

processing said first signals to produce said measure-
ments, and

defining said probe off space from analysis of said mea-
surements, said probe off space being multi-dimen-
sional and separate from a valid parameter space,
wherein said defining said probe off space comprises
increasing a number of dimensions in said multi-di-
mensional probe off space, thereby increasing sepa-
ration between said probe off space and said valid
parameter space representing measurements of valid
parameters;

receiving one or more second signals from said noninva-

sive optical probe;

processing said second signals to produce current measure-

ments;

comparing said probe off space stored in said memory with

said current measurements to determine whether said
current measurements fall within said probe off space;
and

when said current measurements fall within said probe off

space, outputting a probe off indication.

2. The pulse oximetry system of claim 1, wherein the
memory includes probe on data corresponding to probe on
space, wherein at least some of said probe on space corre-
sponds to data acquired during known probe on conditions;
and wherein said processor is programmed to compare
incoming data with the probe on data to determine said occur-
rence of said probe off condition.
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