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Description

Background of the Invention

Field of the invention

[0001] The present invention in general relates to sen-
sors for measuring oxygen content in the blood, and, in
particular, relates to an apparatus and method for mon-
itoring the life of a pulse oximetry sensor.

Background

[0002] Early detection of low blood oxygen is critical in
a wide variety of medical applications. For example,
when a patient receives an insufficient supply of oxygen
in critical care and surgical applications, brain damage
and death can result in just a matter of minutes. Because
of this danger, the medical industry developed pulse ox-
imetry, a noninvasive procedure for measuring the oxy-
gen saturation of the blood. A pulse oximeter interprets
signals from a sensor attached to a patient in order to
determine that patient’s blood oxygen saturation.
[0003] A conventional pulse oximetry sensor has a red
emitter, an infrared emitter, and a photodiode detector.
The sensor is typically attached to a patient’s finger, ear-
lobe, or foot. For a finger, the sensor is configured so that
the emitters project light from one side of the finger,
through the outer tissue of the finger, and into the blood
vessels and capillaries contained inside. The photodiode
is positioned at the opposite side of the finger to detect
the emitted light as it emerges from the outer tissues of
the finger. The photodiode generates a signal based on
the emitted light and relays that signal to the pulse oxi-
meter. The pulse oximeter determines blood oxygen sat-
uration by computing the differential absorption by the
arterial blood of the two wavelengths (red and infrared)
emitted by the sensor.
[0004] The foregoing conventional sensor is typically
detachable from the oximeter to allow for periodic re-
placement. Periodic replacement is advantageous for a
wide variety of reasons. For example, the sensor can
become soiled, thereby possibly inhibiting sensor sensi-
tivity or causing cross-patient contamination. Further-
more, the electronic circuitry in the sensor can become
damaged, thereby causing sensor failure or inaccurate
results. Moreover, the securing mechanism for the sen-
sor, such as an adhesive substrate, can begin to fail,
thereby improperly positioning the sensor in proximity to
a measurement site and providing inaccurate data. Ac-
cordingly, periodic replacement of the sensor is an im-
portant aspect of maintaining a sterile, highly sensitive,
accurate pulse oximetry system.
[0005] However, a conventional pulse oximetry sensor
is wholly reliant on an operator for timely replacement of
soiled, damaged, or otherwise overused sensors. This
approach is problematic not only from the standpoint of
operator mistake or negligence, but also from the per-

spective of deliberate misuse for cost saving or other
purposes.
[0006] US 5,991,355 describes a device for counting
the number of usage cycles of a sensor such as electrode
catheters, which includes a detection unit and a sensing
unit. The detection unit causes a sensing unit to read a
sensor identification code in the counting unit whenever
the sensor is connected so as to determine, from infor-
mation about sensor usage stored in a main computer,
whether conditions for a new usage cycle have been met
and, if so, increments the counter’s contents by one us-
age cycle.
[0007] Based on the foregoing, significant drawbacks
exist in the reliance on the operator for the periodic re-
placement of conventional pulse oximetry sensors. Ac-
cordingly, a need exists for a pulse oximetry sensor hav-
ing the ability to monitor its own usable life.

Summary of the Invention

[0008] The present invention provides a method of
tracting an amount of use of electronics of a non invasive
optical probe as claimed in independent claim 1. Further
preferred embodiments according to the present inven-
tion are defined in the dependent claims. One aspect of
the present invention is to provide an inexpensive, highly
accurate sensor life monitoring method for monitoring
the useful and safe life of a pulse oximetry sensor. Ac-
cording to one embodiment, the sensor life monitoring
system includes a timer and a sensor life indicator. Ac-
cording to another embodiment, the timer includes a di-
vide-by-n counter and a non-volatile RAM, while the sen-
sor life indicator includes at least one LED or incandes-
cent bulb.
[0009] Therefore, according to one aspect a pulse ox-
imetry sensor comprising a drive connection carrying a
drive signal, wherein the drive signal has pulses. The
pulse oximetry sensor further comprises a timer connect-
ed to the drive connection and configured to generate a
timer output signal after a predetermined number of puls-
es are generated in the drive signal; and a sensor life
indicator connected to the timer output signal and con-
figured to provide an indication when the timer output
signal is generated. The pulse oximetry sensor further
comprises an LED network connected to the drive con-
nection and configured to project light through a meas-
urement site when pulsed by the drive signal; and a pho-
todetector configured to detect the projected light and
output a signal representative of constituents or charac-
teristics of the measurement site.
[0010] Another aspect is a sensor life monitoring sys-
tem comprising a timer connected to a sensor drive sig-
nal; and a sensor life indicator connected to the timer
such that the sensor life indicator is configured to indicate
the expiration of the useful or safe life of a pulse oximetry
sensor.
[0011] Another aspect is a pulse oximetry system that
comprises a pulse oximeter; a sensor connected to the
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pulse oximeter; and a sensor life monitor connected to
the sensor and configured to monitor the useful and safe
life of the sensor.
[0012] Another aspect is a method of manufacturing a
sensor. The method comprises connecting a timer to one
of a sensor input and a sensor output; and connecting
an indicator to the timer such that when the timer expires,
the indicator is activated.
[0013] An aspect of the present invention is a method
for monitoring the life of an oximetry sensor. The method
comprises monitoring a parameter responsive to repeat-
ed use of a sensor. When the parameter indicates that
the sensor has expired, the method generates an expi-
ration indication.
[0014] Another aspect is an oximetry sensor life indi-
cator that comprises a non-volatile counter connected to
receive a drive signal having a plurality of transitions
where the counter changes a count value in response to
the transitions. The oximetry sensor life indicator further
includes a sensible indicia connected to the counter,
where the sensible indicia has a first state, and a second
state and the sensible indicia changes from the first state
to the second state to indicate the end of life of the oxi-
metry sensor when the count value in the counter reaches
a predetermined value.
[0015] Another aspect is an oximetry system compris-
ing an oximeter; a sensor attached to the oximeter
through a cable; a timer connected to at least one of a
sensor drive signal and a sensor return signal; and a
sensor life indicator connected to the timer.
[0016] Another aspect is an oximetry system compris-
ing a sensor having a timer, wherein the timer produces
a sensor expiration signal. An oximeter is connected to
the sensor and is configured to receive the sensor expi-
ration signal from the timer.
[0017] Another aspect is an oximetry system compris-
ing a sensor having a reset indicator. An oximeter is con-
nected to the sensor and is configured to monitor whether
the reset indicator has been set.
[0018] Another aspect is a pulse oximetry system com-
prising a pulse oximeter and a sensor connected to the
pulse oximeter. The sensor is adapted to measure a
physiological parameter. The pulse oximetry system also
comprises a memory device connected to the sensor and
adapted to measure the useful life of the,sensor.
[0019] Another aspect is a pulse oximetry system com-
prising a sensor having an emitter, a detector, and a
memory device storing a characteristic of the sensor. The
pulse oximetry system also comprises a pulse oximeter
connected to the sensor and adapted to read the char-
acteristic of the sensor and the output of the detector.
The pulse oximetry system also comprises a database
connected to the pulse oximeter and adapted to store
the characteristic along with a longevity measurement
corresponding to the sensor.
[0020] For the purposes of summarizing the invention,
certain aspects, advantages, and novel features of the
invention have been described. Of course, it is to be un-

derstood that not necessarily all such advantages may
be achieved in accordance with any particular embodi-
ment of the invention. Thus, the invention may be em-
bodied or carried out in a manner that achieves or opti-
mizes one advantage or a group of advantages, as taught
herein, without necessarily achieving other advantages
as may be taught or suggested herein.
[0021] Other aspects and advantages of the invention
will be apparent from the detailed description below and
the appended claims.

Brief Description of the Drawings

[0022] The present invention is described in more de-
tail below in connection with the attached drawings,
which are meant to illustrate and not limit the invention,
and in which:

FIGURE 1 illustrates a block diagram of a typical
oximetry system;
FIGURE 2 illustrates a block diagram of a sensor life
monitoring system according to an embodiment of
the invention;
FIGURE 3 illustrates a block diagram of the sensor
life monitoring system of FIGURE 2, according to
another embodiment of the invention;
FIGURE 4 illustrates a block diagram of an oximetry
system having a sensor life monitoring system, ac-
cording to yet another embodiment of the invention;
FIGURE 5 illustrates a block diagram of an oximetry
system having a sensor life monitoring system, ac-
cording to yet another embodiment of the invention;
FIGURE 6 illustrates a flow diagram of the operation
of a microprocessor of the oximetry system of FIG-
URE 5;
FIGURE 7 illustrates a block diagram of an oximetry
system having a sensor life monitoring system, ac-
cording to yet another embodiment of the invention;
and
FIGURE 8 illustrate a block diagram of an oximetry
system having a sensor life monitoring system, ac-
cording to yet another embodiment of the invention.

Detailed Description of the Preferred Embodiment

[0023] The inventions are described in detail below
with reference to the figures, wherein like elements are
referenced with like numerals throughout.
[0024] FIGURE 1 illustrates a block diagram of a typ-
ical oximetry system 100 used to determine arterial ox-
ygen saturation. The oximetry system 100 includes an
oximeter 105 and a sensor 110 connected to the oximeter
105 via a patient cable 115. The oximeter 105 includes
a microprocessor (p) 120, a speaker 125 and a display
130. The sensor 110 includes a drive connection 135
connected to at least one LED network 140, a photo de-
tector 145 connected to a return signal connection 150,
and a cable connector 155 housing one end of each of
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the drive connection 135 and the return signal connection
150. As mentioned, the sensor 110 attaches to the oxi-
meter 105 via the patient cable 115. The patient cable
115 includes a sensor connector 160 for electrically mat-
ing with the cable connector 155 of the sensor 110.
[0025] As previously mentioned, the typical oximetry
system 100 produces a drive signal and transmits the
drive signal through the patient cable 115 and the drive
connection 135 to the LED network 140 such that light
energy is transmitted from the LED network 140 through
tissue. The photo detector 145 senses the light energy,
which has now been attenuated by the blood in tissue,
and sends a representative signal of the light energy back
to the oximeter 105 through the return signal connection
150 and the patient cable 115. The oximeter 105 analyz-
es the representative signal from the photo detector 145
to determine constituence and characteristics of the
blood in the tissue.
[0026] The sensor 110 typically includes the foregoing
electronic circuitry and an attachment mechanism
formed to secure the electronic circuitry to a measure-
ment site. The sensor 110 may be disposable, wherein
the attachment mechanism is likely formed from an ad-
hesive structure. Moreover, the sensor 110 may be re-
usable, wherein the attachment mechanism is likely
formed from a clip-on structure. Also, the sensor 110 may
be a combination of the disposable and reusable type
sensors, wherein a disposable attachment mechanism
removably attaches the electronic circuitry such that the
electronic circuitry is reusable. Furthermore, the sensor
110 may include an information element electrically con-
nected to the LED network 140. Such an information el-
ement advantageously provides quality control, security,
and identification functions.
[0027] An example of the combination sensor having
an information element distributed in the disposable at-
tachment mechanism is described in U.S. Patent Appli-
cation No. 09/456,666, filed on December 9, 1999, titled,
"RESPOSABLE PULSE OXIMETRY SENSOR," as-
signed to the assignee of the current application.
[0028] FIGURE 2 illustrates a block diagram of a pulse
oximetry sensor 200. As shown in FIGURE 2, the sensor
200 includes a wholly incorporated sensor life monitoring
system 203. The sensor life monitoring system 203 in-
cludes a timer 205 and a sensor life indicator (SLI) 210.
The timer 205 is electrically connected to the drive con-
nection 135 such that the timer 205 also receives the
drive signal from the oximeter 105. The timer 205 also
connects to the sensor life indicator 210.
[0029] As the oximeter 105 drives the LED network
140, the timer 205 monitors the number of drive pulses
produced and keeps a running count. After the oximeter
105 produces a predetermined number of drive signals,
the timer 205 provides a signal to the sensor life indicator
210, such that the sensor life indicator 210 produces an
indication that the sensor 200 has expired and should be
replaced.
[0030] FIGURE 3 illustrates a block diagram of an ex-

ample of the sensor life monitoring system 203 of FIG-
URE 2. As shown in FIGURE 3, the timer 205 advanta-
geously comprises a non-volatile counter. One embodi-
ment of the non-volatile counter advantageously com-
prises a counter 300 having an output that connects to
an input of a logic gate 302. An output of the logic gate
302 connects to an adder 304. As used herein, an "adder"
can be an arithmetic unit, which may also be implemented
as a subtractor or the like. The adder 304 connects to a
non-volatile (NV) RAM 305 (A non-volatile RAM does not
lose data when the power is turned off or otherwise ter-
minated). An output of the NVRAM-305 reconnects as
feedback to the adder 304. Also, an output of the most
significant bit (MSB) of the NVRAM 305 connects to both
an inverter 307 and the sensor life indicator 210. The
inverter 307 connects as feedback to another input of the
logic gate 302. Moreover, the output of the logic gate 302
activates or clocks the NVRAM 305.
[0031] The counter 300 comprises a divide-by-n coun-
ter, producing an incremental output count only after n
input pulses, or transitions, of the drive signal. Using a
divide-by-n counter advantageously reduces the capac-
ity requirements of the NVRAM 305. Furthermore the log-
ic gate 302 is an AND gate, the adder 304 is a plus-one
adder. Thus, each time the adder 304 receives an input,
it adds one to the current count stored in the NVRAM
305. The NVRAM 305 is a seventeen-bit non-volatile
memory that clocks, for example, on the trailing edge of
the output of the logic gate 302.
[0032] The sensor life indicator 210 comprises a sen-
sible indicia, such as visible light. For example, the sen-
sible indicia may advantageously be an LED 310, or the
like. Alternatively, the sensible indicia may be audible,
vibrational, a power down of the sensor 200 or the oxi-
meter 105, or the like.
[0033] The operation of the foregoing timer 205 and
sensor life indicator 210 will be disclosed with reference
to two differing time frames. The first time frame refers
to when a new sensor 200 is initially attached to the ox-
imeter 105 and provided with a drive signal. The second
time frame refers to when the sensor 200 has previously
been used, and a new drive signal is applied.

FIRST USE OF THE SENSOR 200

[0034] The sensor life monitoring system 203 initially
functions as follows. The oximeter 105 outputs a drive
signal at, for example, one kHz. The counter 300 com-
prises a divide-by-1000 counter that advantageously pro-
duces, for example, an output only after one thousand
cycles of the drive signal, or every one second. Further-
more, assuming the count stored in the NVRAM 305 is
initially zero, the output of the MSB of the NVRAM 305
is zero. The inverter 307 inverts the output of the MSB
such that the logic gate 302 passes the output of the
counter 300 to the adder 304. Thus, according to this
example, the adder 304 receives a pulse every second
from the counter 300. With each pulse, the adder 304
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adds one to count stored in the NVRAM 305. Thus, after
one second, the adder 304 places a one in the NVRAM
305. After another second, the adder 304 places a two
in the NVRAM 305, and so forth until the NVRAM 305
fills to capacity, or the oximeter 105 ceases producing
the drive signal. Both events are further discussed as
follows.

SUBSEQUENT USE OF THE SENSOR 200

[0035] When the oximeter 105 sends pulses to a pre-
viously used sensor 200, the NVRAM 305 will already
have a previous count stored therein. The previous count
is loaded into the adder 304 such that as the logic gate
302 outputs the foregoing signal every second, the adder
304 adds one to the previous count. For example, if the
previous count were one hour, or 3,600 seconds, the first
pulse received by the adder 304 from the counter 300
will store 3,601 in the NVRAM 305. Thus, much like an
automobile odometer, the NVRAM 305 stores a running
count, or times, the used life of the sensor 200.
[0036] When the count stored in the NVRAM 305
reaches capacity (in other words, sets the MSB), the out-
put of the MSB switches. Therefore, the output of the
inverter 307 switches such that the logic gate 302 blocks
any future signals output from the counter 300 from
reaching the adder 304. Moreover, the output of the MSB
further activates the LED 310 such that the LED 310 in-
dicates the sensor 200 has expired. This indication by
the LED 310 signals the operator to replace the used
sensor 200 with a new one. The indication advanta-
geously provides multiple people with the knowledge that
the sensor 200 should be changed. For example, doc-
tors, nurses, visitors, and even the patient may perceive
the indication that the sensor 200 has expired.
[0037] Where every second that the oximeter 105
sends drive pulses to the sensor 200, the seventeen-bit
NVRAM 305 is incremented, the MSB of the NVRAM 305
will set after 131,072 seconds, or, one day, twelve hours,
twenty-four minutes and thirty two-seconds. In other
words, according to this embodiment, the useful life of
the sensor 200 expires after the sensor 200 has received
drive pulses for a combined total of the foregoing time.
[0038] A skilled artisan will understand that a wide
number of differing logic mechanisms may be employed
in the foregoing embodiment. For example, employing
different sized counters 300 or NVRAMs 305 will adjust
the predetermined expiration time. Moreover, the counter
300 may advantageously divide by more than one thou-
sand, thereby further reducing the capacity requirements
of the NVRAM 305. Also, the timer 205 may advanta-
geously comprise a non-volatile counter that has internal
registers that retain their values when the power is turned
off. Such non-volatile counters are available, for exam-
ple, from Dallas Semiconductor Corporation of Dallas,
Texas. These non-volatile counters may include, for ex-
ample, Dallas Semiconductor’s DS1602 or DS1603. In
the foregoing embodiments employing a non-volatile

counter, the adder 304 and the counter 300 may not be
needed.
[0039] A skilled artisan will also understand that the
sensor 200 may advantageously employ a wide variety
of differing timers 205 and differing sensor life indicators
210. Moreover, the choice may advantageously coincide
with particular types of the sensor 200. For example, a
purely disposable sensor suggests a less costly solution
than that of the reusable sensor because of manufactur-
ing costs and the relatively short life of the disposable
sensor. On the other hand, the combination sensor may
incorporate a more expensive solution into the reusable
portion of the electronic circuitry without dramatic cost
changes to the disposable portion.
[0040] Moreover, a skilled artisan will recognize that
the timer 205 may advantageously comprise a capacitor
that is charged when the sensor 200 is connected to the
oximeter 105. In such case, the capacitor has known dis-
charge characteristics such that the voltage across the
capacitor can be used to measure the useful life of the
sensor 200. Also, rather than using the pulses of the drive
signal, the timer 205 may employ an oscillator configured
to trigger at the beginning of sensor use.
[0041] Further, the sensor life indicator 210 may in-
clude several LEDs of differing colors, such as green and
red, to indicate whether the sensor 200 has expired. The
sensor life indicator 210 may comprise an incandescent
light, an audio or vibrational alarm, a digital or LCD dis-
play, or other sensible indicia. Moreover, the sensor life
indicator 210 may include a blocking signal for automat-
ically terminating the functionality of the sensor 200. For
example, a logic gate may be advantageously added to
the drive signal such that the logic gate has the drive
signal as an input and has the output of the timer 205 as
the another. When the output of the timer 205 is a logic
level signaling expiration, the logic gate blocks the drive
signal from passing, thus rending the sensor 200 inop-
erative. The foregoing logic circuit may also be used to
block the signal transferred through the return signal con-
nection 150. On the other hand, the blocking signal may
also comprise a fuse that once blown, renders the sensor
200 inoperative.
[0042] Accordingly, a skilled artisan may perceive a
variety of differing devices to measure the longevity of
the sensor 200. Furthermore, the type of the sensor 200
may provide guidance on which of the wide variety of
devices to use.
[0043] FIGURE 4 illustrates a block diagram of yet an-
other embodiment of an oximetry system 400 including
a sensor life monitoring system 405. According to this
embodiment, the sensor life monitoring system 405 em-
ploys the timer 205 and a return signal 410 to the oximeter
105. Similar to the foregoing embodiment, the timer 205
connects to the drive connection 135 and uses the pulses
of the drive signal to measure the useful and safe life of
the sensor 200. In contrast to the foregoing embodiment,
the timer 205 then outputs an incremental count of pulses
to the oximeter 105 via the return signal 410, the cable
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connector 155, the sensor connector 160, and the patient
cable 115. In this embodiment, the microprocessor 120
of the oximeter 105 receives the incremental count from
the timer 205 and compares the incremental count with
a predetermined amount. If the count is greater than the
predetermined amount, the microprocessor 120 issues
an expiration indication of the sensor 200 through the
oximeter 105.
[0044] A skilled artisan will recognize that the oximeter
105 may issue the expiration indication through a wide
variety of devices including, but not limited to, those de-
scribed in relation to the sensor life indicator 210 of FIG-
URES 2-3. Moreover, the oximeter 105 may take advan-
tage of the more costly technology already associated
therewith. For example, the oximeter 105 may issue the
expiration indication by employing an audio alarm
through the speaker 125, a visual alarm through the dis-
play 130, or a power-down function where the oximeter
105 is inoperable until the sensor 200 is replaced.
[0045] FIGURE 5 illustrates a block diagram of yet an-
other embodiment of an oximetry system 500 including
a sensor life monitoring system 505. According to this
embodiment, the sensor life monitoring system 505 em-
ploys a reset indicator 510 and the sensor life indicator
210, as an integral part of the sensor 200. The reset in-
dicator 510 and the sensor life indicator 210 connect to
the oximeter 105 through the cable connector 155, the
sensor connector 160, and the patient cable 115. Also
according to this embodiment, the microprocessor 120
includes a timer 515.
[0046] The microprocessor 120 measures the useful
and safe life of the sensor 200. For example, the micro-
processor 120 may track the pulses in the drive signal
created by the microprocessor 120, or take advantage
of a date/time function to measure actual time. Further-
more, the microprocessor 120 employs the reset indica-
tor 510 on the sensor 200 to indicate whether the sensor
200 is newly attached or has previously expired. For ex-
ample, the reset indicator 510 may comprise a one-bit
memory or a fuse technology, wherein the one-bit mem-
ory is set, or the fuse is blown, when the sensor 200 first
connects to the oximeter 105 through the mating of the
cable and sensor connectors, 155 and 160 respectively.
[0047] As shown in FIGURE 5, the sensor life indicator
210 remains an integral part of the sensor 200 and, there-
fore, may advantageously take any of the forms dis-
cussed above with reference to FIGURES 2 and 3. Pref-
erably, the sensor life indicator 210 comprises the LED
310 of FIGURE 3.
[0048] FIGURE 6 illustrates a flow diagram 600 of the
steps taken by the microprocessor 120 of the oximetry
system 500 of FIGURE 5, according to one embodiment
of the invention. As shown in FIGURE 6, the process
begins’ when the oximeter 105 is activated to a sensing
state by, for example, an operator, in a STEP 603. The
oximeter 105 first checks the reset indicator 510, in a
STEP 605, to determine whether the sensor 200 has
been previously used. If the sensor 200 is new, the mi-

croprocessor 120 resets the timer 515, in a STEP 610,
and sets the reset indicator 510 on the sensor 200, in a
STEP 615. The microprocessor 120 then proceeds with
normal operation, e.g., to output a drive signal to the sen-
sor 200, in a STEP 620.
[0049] On the other hand, if in the STEP 605, the reset
indicator 510 indicates that the sensor 200 has been pre-
viously used, or when the sensor 200 is in normal oper-
ation, in the STEP 620, the microprocessor 120 checks
whether the timer 515 indicates the sensor 200 has
reached its predetermined longevity, in a STEP 625. For
example, the timer 515 may advantageously compare
the number of drive pulses to a predetermined number
to conclude whether the sensor 200 has expired.
[0050] If the sensor 200 has not expired, the micro-
processor 120 again proceeds with normal operation, in
the STEP 620. On the other hand, if the timer 515 indi-
cates that the sensor 200 has expired, the microproces-
sor 120 activates the sensor life indicator 210, in a STEP
630, and then the process terminates, in a STEP 635.
[0051] One having ordinary skill in the art will under-
stand that the microprocessor 120 may employ an inter-
rupt driven mechanism for the timer 515. For example,
during normal operation, the microprocessor 120 may
not continually, or periodically, check the timer 515, as
in the STEP 625. Rather, the microprocessor 120 may
continually send drive pulses until the timer 515 gener-
ates an interrupt that instructs the microprocessor 120
to activate the sensor life indicator 210. A skilled artisan
will appreciate that there are a wide number of mecha-
nisms for generating microprocessor interrupts.
[0052] FIGURE 7 illustrates a block diagram of yet an-
other embodiment of an oximetry system 700 including
a sensor life monitoring system 705. The oximetry system
700 is similar to that described in reference to FIGURE
5. Like FIGURE 5, the microprocessor 120 of the oxime-
ter 105 includes the timer 515, or timer-like functions.
Also, the sensor life monitoring system 705 advanta-
geously employs the reset indicator 510 to ensure re-
placement of new sensors when the sensor 200 expires.
Moreover, like FIGURE 4, the oximetry system 700 em-
ploys the oximeter 105 to provide an expiration indication
once the sensor 200 expires.
[0053] The microprocessor 120 of the oximeter 105
checks the reset indicator 510 to ensure the sensor 200
has not previously been used. Then, the microprocessor
120 drives the LED network 140 and tracks the timing
functions. When the predetermined number of drive puls-
es is reached, the microprocessor 120 employs various
mechanisms on the oximeter 105 to generate the expi-
ration indication. For example, the microprocessor 120
may use the speaker 125 or the display 130, even power
down the oximeter 105, or the like, to create the expiration
indication.
[0054] FIGURE 8 illustrates a block diagram of yet an-
other embodiment of an oximetry system 800. The oxi-
metery system 800 includes a sensor life monitoring sys-
tem 805 having a memory device 810. The memory de-
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vice 810 is preferably a single wire memory device having
a unique identifier, such as memory devices commercial-
ly available from companies such as Dallas Semiconduc-
tor Corporation. For example, Dallas Semiconductor’s
DS2401 includes a unique, 64-bit identification number.
In this way, the memory device 810 can uniquely identify
the sensor 200 from all other sensors.
[0055] The oximetry system 800 further includes the
microprocessor 120 of the oximeter 105 connected to a
memory, such as a database 815. The database 815 is
stored locally in the memory of the oximeter 105. The
oximeter 105 reads the unique identifier from the memory
device 810 on the sensor 200 and, if necessary, creates
a record in the database 815 corresponding to the unique
identifier. Then, as the sensor 200 is used, the oximeter
105 accesses the record corresponding to the unique
identifier so as to update the information relating to the
longevity of the sensor 200. This information may advan-
tageously include timing information, such as a decre-
mented or incremented chronological count. The infor-
mation may also, or alternatively, include the number of
times the sensor 200 has been used, the number of drive
signals the sensor 200 has received, or other similar
methods of determining the amount of use for the partic-
ular sensor 200 having the particular unique identifier.
[0056] When the information stored in the database
815 reaches a predetermined threshold for a particular
unique identifier, the oximeter 105 advantageously pro-
duces the expiration indication in a similar manner to that
described in reference to FIGURE 4. For example, the
oximeter 105 may issue the expiration indication by em-
ploying an audio alarm through the speaker 125, a visual
alarm through the display 130, or a power-down function
that renders the oximeter 105 inoperable. These expira-
tion indications may advantageously continue until the
sensor 200 having the unique identifier is replaced with
one having a different unique identifier.
[0057] Although the database 815 is described as be-
ing stored in memory associated with the oximeter 105,
the invention is not meant to be limited thereby. Rather,
a skilled artisan would recognize that the database 815
may advantageously be stored in a central location, such
a remote server connected through a wide number of
known technologies, such as a local or wide area net-
work, the internet, or other communications connection.
In this way, a monitoring authority, ranging from a pair of
pulse oximeters, to one or a number of hospitals, to a
particular sensor manufacturer, and the like, can monitor
the useful life of sensors identified through their unique
identifier stored in the memory device 810.
[0058] As an alternative to, or in addition to, the fore-
going embodiment where the memory device 810 in-
cludes a unique identifier, the memory device 810 may
include the ability to store data. Again, such memory de-
vices are commercially available from, for example, Dal-
las Semiconductor Corporation, and typically allow for
read/write access over a single wire. For example, Dallas
Semiconductor’s DS2502 has the ability to accept new

data for non-volatile storage.
[0059] The oximeter 105 reads data stored in the mem-
ory device 810 relating to longevity, and updates that
data according to use. For example, the oximeter 105
may read the memory device 810 of sensor 200 and de-
termine that the sensor 200 has been in use for one in-
crement of time, such as one minute. After the sensor
200 has been used for another increment of time, such
as another minute as measured by the oximeter 105, the
oximeter may write to the memory device 810 such that
the memory device 810 now reflects that the sensor 200
has been used for two minutes. This periodic read and
write to the memory device 810 continues until the mem-
ory device 810 reflects a longevity measurement greater
than a predetermined threshold. At that time, the oxime-
ter 105 may advantageously issue the foregoing expira-
tion indication.
[0060] A skilled artisan would recognize that a wide
variety of timing schemes may be implemented using the
foregoing read/write technique. For example, the oxime-
ter 105 may advantageously decrement from a predeter-
mined threshold stored in the memory device 810. On
the other hand, the memory device may store the number
of times the sensor 200 has been used, the number of
drive signals the sensor 200 has received, or other similar
methods of determining the amount of use for the partic-
ular sensor 200.
[0061] Moreover, a skilled artisan would recognize that
the foregoing embodiments may advantageously be
combined such that the memory device 810 includes both
the unique identifier and the ability to store other data.
This other data may advantageously include the forego-
ing read/write timing data, manufacturing data such as
sensor type, manufacturing source indication, tolerance
levels, operating characteristics, and the like.
[0062] Although the foregoing invention has been de-
scribed in terms of certain preferred embodiments, other
embodiments will be apparent to those of ordinary skill
in the art. For example, a skilled artisan will recognize
the distinction in the foregoing embodiments between
those components described as being integral with the
sensor 200, or on-sensor components, and those com-
ponents described as not being integral with the sensor
200, or off-sensor components. The on-sensor compo-
nents may advantageously be housed in the disposable,
reusable, or combination sensors. With respect to the
combination sensors, the on-sensor components may be
advantageously housed in the disposable portion, the
reusable portion, or both portions, of the combination
sensor.
[0063] Further, the off-sensor components may be
housed in any of the longer lasting components associ-
ated with the oximeter 105. For example, the off-sensor
components may be advantageously located on the sen-
sor connector 160 or on the patient cable 115 where they
are readily seen, heard, or felt by the operator or patient.
[0064] Moreover, the foregoing embodiments incorpo-
rating the memory device 810 of FIGURE 8 may advan-
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tageously be combined with those embodiments describ-
ing the sensor life indicator 210 housed on the sensor
200. In such embodiment, the oximeter 105 may advan-
tageously provide the expiration indication to the sensor
life indicator 210 when the oximeter 105 determines that
the sensor 200 had expired.
[0065] Additionally, other combinations, omissions,
substitutions and modifications will be apparent to the
skilled artisan in view of the disclosure herein. Accord-
ingly, the present invention is not intended to be limited
by the reaction of the preferred embodiments, but is to
be defined by reference to the appended claims.

Claims

1. A method of tracking an amount of use of electronics
of a noninvasive optical probe to alert a user when
the electronics have expired, the method compris-
ing:

reading a unique identifier from a memory de-
vice (810) of a noninvasive optical probe (200),
said probe including electronics comprising at
least one of a plurality of emitters or a light sen-
sitive detector (145) capable of detecting light
attenuated by tissue;
accessing a cumulative measure of a number
of drive signals received or an increment of time
of use of electronics of the noninvasive optical
probe stored in a database (815) remote from
said noninvasive optical probe (200);
determining whether the cumulative measure
exceeds a predetermined number of drive sig-
nals or increment of time; and if the cumulative
measure exceeds a predetermined number of
drive signals or increment of time, activating an
indicator capable of informing a user that the
electronics have expired;
if the cumulative measure does not exceed a
predetermined number of drive signals or incre-
ment of time, allowing and detecting use of elec-
tronics of the noninvasive optical probe (200)
and
updating the cumulative measure of a number
of drive signals received or increment of time of
use of the electronics.

2. The method of claim 1, wherein the expiration is as-
sociated with overuse of the electronics.

3. The method of claim 1, wherein the noninvasive op-
tical probe comprises a combination of disposable
and reusable components and wherein reusable
components include at least some of the electronics.

4. The method of claim 1, wherein the activating the
indicator comprises activating at least one of an au-

dio or visual alarm.

5. The method of claim 1, wherein the cumulative
measure of number of drive signals received by the
electronics of the nonivasive optical probe is ac-
cessed.

6. The method of claim 1, wherein the cumulative
measure of the increment of time of use of electronics
of the non-invasive optical probe is accessed.

7. The method of claim 6, wherein the increment of time
comprises a decremented chronological count.

8. The method of claim 6, wherein the increment of time
comprises an incremented chronological count.

Patentansprüche

1. Verfahren zum Verfolgen eines Umfangs der Benut-
zung der Elektronik einer nichtinvasiven optischen
Sonde, um einen Benutzer zu alarmieren, wenn die
Elektronik abgelaufen ist, wobei das Verfahren auf-
weist:

Auslesen einer eindeutigen Kennung aus einer
Speichervorrichtung (810) einer nichtinvasiven
optischen Sonde (200), wobei die Sonde Elek-
tronik umfasst, die mindestens einen von meh-
reren Emittern oder einen lichtempfindlichen
Detektor (145) umfasst, der dazu geeignet ist,
von Gewebe geschwächtes Licht zu detektie-
ren;
Zugreifen auf ein kumulatives Maß einer Anzahl
von empfangenen Treibersignalen oder eines
Zeitinkrements der Benutzung der Elektronik
der nichtinvasiven optischen Sonde, die in einer
von der nichtinvasiven optischen Sonde (200)
entfernten Datenbasis (815) gespeichert sind;
Bestimmen, ob das kumulative Maß eine vorbe-
stimmte Anzahl von Treibersignalen oder ein
vorbestimmtes Zeitinkrement übersteigt; und
Aktivieren eines Indikators, der in der Lage ist,
einen Benutzer zu informieren, dass die Elek-
tronik abgelaufen ist, wenn das kumulative Maß
eine vorbestimmte Anzahl von Treibersignalen
oder ein vorbestimmtes Zeitinkrement über-
steigt;
Zulassen und Detektieren der Benutzung der
Elektronik der nichtinvasiven optischen Sonde
(200), wenn das kumulative Maß eine vorbe-
stimmte Anzahl von Treibersignalen oder ein
vorbestimmtes Zeitinkrement nicht übersteigt,
und
Aktualisieren des kumulativen Maßes einer An-
zahl von empfangenen Treibersignalen oder ei-
nes Zeitinkrements der Benutzung der Elektro-
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nik.

2. Verfahren nach Anspruch 1, wobei das Ablaufen mit
einer übermäßigen Benutzung der Elektronik ver-
knüpft ist.

3. Verfahren nach Anspruch 1, wobei die nichtinvasive
optische Sonde eine Kombination aus wegwerfba-
ren und wieder verwendbaren Komponenten auf-
weist und wobei wieder verwendbare Komponenten
zumindest einen Teil der Elektronik umfassen.

4. Verfahren nach Anspruch 1, wobei das Aktivieren
des Indikators das Aktivieren eines Audioalarms
und/oder eines visuellen Alarms umfasst.

5. Verfahren nach Anspruch 1, wobei auf das kumula-
tive Maß der Anzahl von Treibersignalen, welche von
der Elektronik der nichtinvasiven optischen Sonde
empfangen werden, zugegriffen wird.

6. Verfahren nach Anspruch 1, wobei auf das kumula-
tive Maß des Zeitinkrements der Benutzung der
Elektronik der nichtinvasiven optischen Sonde zu-
gegriffen wird.

7. Verfahren nach Anspruch 6, wobei das Zeitinkre-
ment eine dekrementierte chronologische Zählung
umfasst.

8. Verfahren nach Anspruch 6, wobei das Zeitinkre-
ment eine inkrementierte chronologische Zählung
umfasst.

Revendications

1. Procédé de suivi de quantité d’utilisation de l’élec-
tronique d’une sonde optique non invasive pour
avertir un utilisateur lorsque la durée de vie de l’élec-
tronique a expiré, le procédé consistant à :

lire un identifiant unique dans un dispositif de
mémoire (810) d’une sonde optique non invasi-
ve (200), ladite sonde comprenant une électro-
nique comprenant au moins l’un d’une pluralité
d’émetteurs ou d’un détecteur photosensible
(145) capable de détecter une lumière atténuée
par un tissu ;
accéder à une mesure cumulative d’un nombre
de signaux de commande reçus ou d’un incré-
ment de temps d’utilisation de l’électronique de
la sonde optique non invasive mémorisée dans
une base de données (815) à distance de la son-
de optique non invasive (200) ;
déterminer si la mesure cumulative dépasse un
nombre de signaux de commande ou un incré-
ment de temps prédéterminé ; et si la mesure

cumulative dépasse un nombre de signaux de
commande ou un incrément de temps prédéter-
miné, activer un indicateur capable d’informer
un utilisateur du fait que la durée de vie de l’élec-
tronique a expiré ;
si la mesure cumulative ne dépasse pas un nom-
bre de signaux de commande ou un incrément
de temps prédéterminé, permettre et détecter
l’utilisation de l’électronique de la sonde optique
non invasive (200) ; et
mettre à jour la mesure cumulative d’un nombre
de signaux de commande reçus ou d’un incré-
ment de temps d’utilisation de l’électronique.

2. Procédé selon la revendication 1, dans lequel l’ex-
piration est associée à une utilisation excessive de
l’électronique.

3. Procédé selon la revendication 1, dans lequel la son-
de optique non invasive comprend une combinaison
de composants jetables et réutilisables et dans le-
quel des composants réutilisables comprennent au
moins une partie de l’électronique.

4. Procédé selon la revendication 1, dans lequel l’acti-
vation de l’indicateur comprend l’activation d’au
moins l’une d’une alarme audio ou d’une alarme vi-
suelle.

5. Procédé selon la revendication 1, dans lequel la me-
sure cumulative du nombre de signaux de comman-
de reçus par l’électronique de la sonde optique non
invasive fait l’objet d’un accès.

6. Procédé selon la revendication 1, dans lequel la me-
sure cumulative de l’incrément de temps d’utilisation
de l’électronique de la sonde optique non invasive
fait l’objet d’un accès.

7. Procédé selon la revendication 6, dans lequel l’in-
crément de temps comprend une valeur de compta-
ge chronologique décrémentée.

8. Procédé selon la revendication 6, dans lequel l’in-
crément de temps comprend une valeur de compta-
ge chronologique incrémentée.
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