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A patient temperature repeating system and a method of repeating patient temperature information from a resistive-type patient
temperature sensor allow one or more medical instruments to utilize a single patient temperature sensor. In one embodiment, the
patient temperature repeating system (10) includes input and output connectors (12, 14), a microprocessor (20), optical isolators
(22), a coarse digital potentiometer (24) in parallel with a fine digital potentiometer (26), a current sense resistor (28), amplifiers
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operation, the microprocessor (20) reads the resistance level of a resistive-type patient temperature sensor (16) connected to the
Input connector (12) and provides the appropriate control signals through the optical isolators (22) to the coarse and fine digital

potentiometers (24, 26) in order to set the resistance seen by a medical device (18) connected to the output connector (14) to
match that of the patient temperature sensor (16).
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(57) Abstract: A patient temperature repeating system and a method of repeating patient temperature information from a resis-
tive-type patient temperature sensor allow one or more medical instruments to utilize a single patient temperature sensor. In one
embodiment, the patient temperature repeating system (10) includes input and output connectors (12, 14), a microprocessor (20),

& optical isolators (22), a coarse digital potentiometer (24) in parallel with a fine digital potentiometer (26), a current sense resistor
& (28), amplifiers (30A, 30B), analog-to-digital converters (32A, 32B), a filter (34), fuses (36), a non-volatile memory device (38),

N nd a relay (40). In operation, the microprocessor (20) reads the resistance level of a resistive-type patient temperature sensor (16)
connected to the input connector (12) and provides the appropriate control signals through the optical isolators (22) to the coarse
and fine digital potentiometers (24, 26) in order to set the resistance seen by a medical device (18) connected to the output connector

(14) to match that of the patient temperature sensor (16).
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PATIENT TEMPERATURE REPEATING SYSTEM AND METHOD

FIELD OF THE INVENTION
The present invention relates generally to patient temperature monitoring, and
more particularly to providing medical instruments with patient temperature related

information from a single patient temperature sensor.

BACKGROUND OF THE INVENTION

Clinicians and other persons involved in providing medical care to patients often
wish to use a number of medical instruments and the like that require the use of a patient
temperature sensor 1n order to obtain the temperature of the patient. Often, the patient
temperature sensor 1$ a resistive-type sensor (1.e. a sensor that varies its resistance level in
accordance with the temperature of a patient on which the sensor is placed such as a
thermistor temperature probe). To obtain patient temperature information, a medical
instrument supplies an excitation voltage or current to the resistive-type temperature
sensor 1n order to read the resistance level of the sensor. The resistance level of the
sensor can then be correlated with patient temperature according to the specifications of
the sensor. However, there are a limited number of sites that provide suitable access for
such resistive-type patient temperature sensors. Typically, nasopharangeal, bladder,
rectal or esophageal sensors are employed to obtain patient temperature. Further, a
particular site may provide the best information for a particular therapy. For example, a
nasopharangeal sensor may provide the best indication of brain temperature. Thus, a
number of medical instruments may have to compete for access to a particular patient
temperature monitoring site.

One manner of overcoming the limited number of appropriate temperature sensor
sites 18 to connect a single temperature sensor to multiple medical instruments. However,
each medical instrument typically provides its own excitation voltage or current to read
the resistance level of the sensor, and the excitation voltage or current of each instrument
may be different. Thus, connecting multiple instruments to a single temperature sensor
can result in one or more of the instruments obtaining inaccurate patient temperature
readings from the sensor. “

SUMMARY OF THE INVENTION
Accordingly, the present invention provides a patient temperature repeating

system and a method of repeating patient temperature information from a resistive-type
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patient temperature sensor (e.g., a thermistor, a resistive temperature device, or the like)
that allow one or more medical instruments to utilize a single patient temperature sensor.
The system and method of the present invention provide for the accessibility of the
resistance level of the patient temperature sensor, and hence patient temperature
information, by one or more medical instruments without requiring direct connection of
the patient temperature sensor with the medical instrument(s). The system and method of
the present invention enhance the ability of clinicians to obtain patient temperature
information from a single appropriate site in a timely and efficient manner while reducing
the potential that the patient temperature sensor might provide inaccurate temperature
information to one or more of the medical instruments.

According to one aspect of the present invention, a patient temperature repeating
system for repeating a resistance level output by a resistive-type patient temperature
sensor includes an input connector, an output connector, a variable resistance device and
a controller. The patient temperature repeating system of the present invention provides
for the accessibility of the resistance level of the patient temperature sensor by one or
more medical instruments without requiring that the patient temperature sensor be
directly connected with the medical instrument(s). In this regard, the input connector 1s
configured for connection of the patient temperature sensor thereto and the output
connector is configured for connection of one or more medical 1nstruments thereto. The
variable resistance device is controllable to provide a variable resistance level to the
output connector. The controller is operable to obtain the resistance level provided by a
patient temperature sensor connected to the 1nput connector. The controller 1s also
operable to control the variable resistance device to establish the resistance level provided
by the variable resistance device to the output connector in accordance with the resistance
level obtained from the patient temperature sensor. In this regard, the variable resistance
device and the controller may be operable to provide a resistance level to the output
connector that equals the resistance level of the patient temperature sensor within an
acceptable tolerance level (e.g., +/- 4.5 ohms at 42°C, +/- 21 ohms at 10°C).

The variable resistance device may be comprised of a number of different devices.
For example, the variable resistance device may comprise one or more potentiometers. In
this regard, the variable resistance device may comprise one or more coarse digital
potentiometers in parallel with one or more fine digital potentiometers. The coarse
potentiometer may, for example, be controllable to provide a resistance level of between

100 (terminal resistance) and 10K ohms in 39 ohm increments and the fine potentiometer
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may, for example, be controllable to provide a resistance level of between 100 and 10K
ohms in 9.8 ohm increments. By way of further example, the variable resistance device
may comprise one or more field effect transistors, with the controller being operable to
control the gate-source voltage(s) of the field effect transistor(s) to vary drain-source
resistance level(s) of the field effect transistor(s). In a further example, the variable
resistance device comprises a network of parallel and series fixed resistors and analog
switches arranged so that closing different combinations of the switches provides
different resistance levels. In another example, the variable resistance device comprises a
network of parallel and series fixed resistors and relays arranged so that operating
different combinations of the relays provides different resistance levels. In one more
example, the variable resistance device comprises an analog potentiometer coupled with a
servo motor, with the controller being operable to operate the servo motor to control the
resistance level of the analog potentiometer.

The system of the present invention may also include one or more devices (e.g.,
relays, analog switches, or the like) that are operable to disconnect the variable resistance
device from the output connector. This allows the system to present the medical
instrument(s) with an open circuit condition to indicate that there has been a failure or
that the input temperature sensor has become disconnected. For example, if the controller
cannot obtain a resistance level from the patient temperature sensor because the sensor
has failed or has become disconnected from the input connector, the relay(s) can be
opened. The relay(s) can also be opened if the resistance level obtained by the controller
from the patient temperature sensor corresponds with a temperature that is outside a range
of temperatures for which the system is calibrated.

In one embodiment of the system of the present invention, the controller may
comprise a microprocessor. In this regard, the microprocessor may be operable to
periodically obtain the resistance level of the temperature sensor and to periodically
establish the resistance level provided by the variable resistance device 1n accordance
with the resistance level periodically obtained from the patient temperature sensor. For
example, the microprocessor may obtain the resistance level of the patient temperature
sensor and establish the resistance level of the variable resistance device at least once per
every second. In other embodiments, the controller may, for example, comprise mapping
hardware such as an FPGA, an EPROM or flash memory.

The system may further include a memory for storing information retrievable by

the microprocessor for use in controlling the variable resistance device. The system may
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also include one or more feedback loops for providing information to the microprocessor
relating to the resistance level provided by the variable resistance device. The feedback
loop may, for example, comprise a first amplifier in series with a first analog-to-digital
converter and a second amplifier in series with a second analog-to-digital converter, with
the first amplifier amplifying a voltage level across the variable resistance device and the
second amplifier amplifying a current through the variable resistance device. It may be
desirable to configure the system so that the input connector and the MiCroprocessor are
electrically isolated from the variable resistance device, the output connector, the first and
second amplifiers and the first and second analog-to-digital converters. In this regard, the
desired electrical isolation may be provided by including a plurality of optical isolators,
and/or isolation transformers, and/or similar suitable devices in the system. Further, to
provide added safety, the system may include a second processor which is connected to
the outputs of the first and second amplifiers and processes the information from the
feedback loop rather than connecting the feedback loop to the main processor.

According to another aspect of the present invention, a method of repeating a
resistance level output by a resistive-type patient temperature sensor includes the step of
monitoring the resistance level of the patient temperature sensor. A control signal 18
generated based on the monitored resistance level. The control signal is then transmitted
to a variable resistance device. In response to the control signal, a setting of the variable
resistance device is established that provides an output resistance level to a medical
instrument which corresponds with the monitored resistance level of the patient
temperature sensor. In this regard, the setting of variable resistance device may be
established to provide an output resistance that equals the resistance level of the patient
temperature sensor within an acceptable tolerance range (€.g., +/- 4.5 ohms at 42°C, +/-
21 ohms at 10°C). In one embodiment of the method of the present invention, the steps
of monitoring the resistance level of the patient temperature sensor, generating the control
signal, transmitting the control signal, and establishing the setting of the variable
resistance device are performed on a periodic basis (e.g., at least once every second).
Performance of the steps on a periodic basis is particularly suited for implementation of
the method using digital components (e.g., a digital microprocessor and digital
potentiometers). In other embodiments, the steps of the method may be performed on a
continuous basis, such as in an all analog implementation of the method.

In one embodiment, the method of the present invention may also include the

additional step of generating a feedback signal from the variable resistance device which
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is employable for use in the step of generating a control signal. Feedback from the
variable resistance device can be used to optimize the control signal as necessary in order
to properly establish the setting of the variable resistance device so that the output
resistance level more accurately matches the monitored resistance level of the patient
temperature sensor. As may be appreciated, feedback is not necessarily required and the
method of the present invention can also be implemented with open-loop control of the
variable resistance device.

In one embodiment of the method of the present invention, the variable resistance
device comprises a coarse potentiometer in parallel with a fine potentiometer. In this
regard, the control signal that is generated may be configured to provide for establishing
only the setting of the coarse potentiometer, establishing only the setting of the fine
potentiometer, or establishing the settings of both the coarse and fine potentiometers.
This may be accomplished by generating a control signal that includes a first portion for
establishing the setting of the coarse potentiometer and a second portion for establishing
the setting of the fine potentiometer.

The step of generating the control signal may involve the step of retrieving stored
settings for the coarse and fine potentiometers associated with the monitored resistance
level. In this regard, the method of the present invention may also include the steps of
performing a calibration process to derive a plurality of settings for the coarse and fine
potentiometers associated with a plurality of different monitored resistance levels and
storing the settings for later retrieval. The calibration process may be performed for
resistance levels corresponding to patient temperatures within a predetermined calibration
range (e.g., 10.0 to 42.0 degrees Celsius). As may be appreciated, the resistance levels
corresponding to patient temperatures within the predetermined calibration ranges may
vary depending upon the model of the patient temperature sensor for which the
calibration process is being performed. The calibration process may involve the steps of
generating at least one test signal based on a predetermined resistance level, transmitting
the test signal to the variable resistance device to establish an initial setting for the
variable resistance device, monitoring the resistance level of the variable resistive device,
and adjusting the setting of the variable resistance device to identity a final setting for the
variable resistance device that provides a resistance level that is within an acceptable
tolerance range (e.g., +/- 4.5 ohms at 42°C, +/- 21 ohms at 10°C) of the predetermined

resistance level.
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These and other aspects and advantages of the present invention will be apparent
upon review of the following Detailed Description when taken in conjunction with the

accompanying figures.

DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and further
advantages thereof, reference is now made to the following Detailed Description, taken in
conjunction with the drawings, in which:

FIG. 1 is a block diagram of one embodiment of a patient temperature repeating
system in accordance with the present invention;

FIG. 2 is a more-detailed block diagram of the patient temperature repeating
system;

FIGS. 3A-B are a flow chart illustrating one embodiment of a process for
operating the patient temperature repeating system; and

FIGS. 4A-C are a flow chart illustrating one embodiment of a process for

calibrating the patient temperature repeating system.

DETAILED DESCRIPTION

Referring to FIG. 1, there is shown a block diagram of one embodiment of a
patient temperature repeating system 10. The patient temperature repeating system 10
includes an input connector 12 and an output connector 14. The input connector 12 is
configured for connection of a resistive-type temperature sensor 16 to the patient
temperature repeating system 10. In this regard, the input connector 12 may be a plug-
type connector configured for receiving the plug of, for example, a YSI-400 series
thermistor probe available from YSI Incorporated. The output connector 14 is configured
for connection of a medical instrument 18 to the patient temperature repeating system 10.
In this regard, the output connector 14 may be a plug-type connector for receiving the
plug of a cable connected to the medical instrument 18. The output connector 14 permits
multiple medical instruments to be easily switched in and out by simply removing the
plug connector of one instrument 18 and inserting the plug connector of another
instrument 18 into the output connector 14. In other embodiments, the output connector
14 connector may be configured for the simultaneous connection of multiple medical

instruments 18 thereto. In this regard, the system 10 may, for example, imcorporate
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multiple repeater circuits (not shown) that enable the simultaneous connection of multiple
medical imnstruments 18.

The patient temperature repeating system 10 receives temperature data at its mput
connector 12 from the temperature sensor 16 and echoes the received temperature data at
its output connector 14. In this regard, the temperature data provided at the input
connector 12 may be in the form of a resistance value that is sensed by the temperature
sensor 16. The temperature repeating system 10 controls the resistance seen at the output
connector 14 to match the resistance sensed by the temperature sensor 16 so that the
medical instrument 18 sees the same resistance at the output connector 14 as provided by
the temperature sensor 16 at the input connector 12. In this regard, the temperature
repeating system 10 matches the resistance sensed by the temperature sensor 16 within an
acceptable tolerance range (e.g., +/- 4.5 ohms at 42°C, +/- 21 ohms at 10°C). For
example, a YSI-400 series thermistor probe might provide a resistance value of 1355
ohms corresponding to a patient temperature of 37 degrees Celsius, and the temperature
repeating system 10 controls the resistance seen at its output connector 14 by the medical
instrument 18 to be 1355 ohms +/- 5.5 ohms. In embodiments where the temperature
repeating system 10 includes multiple output connectors 14, the resistance seen at each
output connector 14 is controlled to match that provided by the temperature sensor 16 at
the input connector 12.

Referring now to FIG. 2, there is shown a more-detailed block diagram of one
embodiment of the temperature repeating system 10. In addition to the input and output
connectors 12, 14, the temperature repeating system 10 includes a microprocessor 20,
optical isolators 22, a coarse digital potentiometer 24 in a parallel arrangement with a fine
digital potentiometer 26, a current sense resistor 28, a pair of amplifiers 30A and 30B, a
pair of analog-to-digital (A/D) converters 32A and 32B, a filter 34, fuses 36, and a non-
volatile memory device 38 aild a relay 40. The microprocessor 20 receives the
temperature data from the input connector 12 and provides the appropriate control signals
through the optical isolators 22 to the coarse and fine digital potentiometers 24 and 26 in
order to set the resistance seen at the output connector 14 to the appropriate value. In
this regard, since the coarse and fine digital potentiometers 24 and 26 are in parallel, the
resistance seen at the output connector 14 is given by the following expression for parallel

resistance:
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RC RF
* + R, + R
Rc T RF CSR FILTER
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where Rc is the resistance provided by the coarse digital potentiometer 24, R 1s the
resistance provided by the fine digital potentiometer 26, Rcsr 1s the resistance provided by
the current sense resistor 28, Rryrrer is the resistance provided by the filter 34, and Ro 18
the resistance at the output connector 14. The coarse potentiometer 24 may provide a
greater range of resistance value settings in larger steps than provided by the fine
potentiometer 26. For example, the coarse potentiometer 24 may provide resistance
values from 100 ohms to 10K ohms in 39 ohm steps, whereas the fine potentiometer may
provide resistance values from 100 ohms to 10K ohms in 9.8 ohm steps. Further, the fine
adjustment potentiometer 26 could have a higher base resistance than the coarse digital
potentiometer 24 in order to provide a lesser (i.e., finer) effect on the output resistance Ro
when the fine digital potentiometer 26 is varied. By way of example, in order to provide
an output resistance Ro of 1355 ohms, the coarse digital potentiometer 24 may be set to
provide a resistance of 1254.9 ohms and the fine digital potentiometer 26 may be set to
provide a resistance of 4692 ohms (assuming Rcsg and Rrirer together total about 365
ohms).

The medical instrument 18 may, for example, read the output resistance Ko
provided by the parallel potentiometers 24, 26 by supplying a known current signal to the
output connector 14 and reading the voltage drop across the terminals of the output
connector 14 or by establishing a known voltage drop across the terminals of the output
connector 14 and reading the current from one terminal through the parallel
potentiometers 24, 26 to the other terminal of the output connector 14. Also, the medical
instrument 18 may obtain the output resistance Rp by providing a voltage and resistance
to create a divider with the sensor 16.

In addition to being connected through the relay 40, the filter 34 and fuses 36 to
the output connector 14, the coarse and fine digital potentiometers 24 and 26 are also
connected in a feedback configuration with the microprocessor 20 through the amplifiers
30A, 30B, the A/D converters 32A, 32B and the optical isolators 22. One of the
amplifiers 30A amplifies the voltage applied across the parallel potentiometers 24, 26 and
the other amplifier 30B amplifies the total current flowing through the parallel
potentiometers 24, 26 by measuring the voltage across the current sense resistor 28, a

precision resistor. The A/D converters 32A, 32B convert the analog voltage and current
8
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signals from the amplifiers 30A, 30B to digitized signals. The digitized voltage and
current signals are directed through the optical isolators 22 to the microprocessor 20.
Based on the digitized voltage and current signals, the microprocessor 20 determines the
output resistance Ro provided by the potentiometers 24, 26. If the output resistance Rop
does not adequately match the resistance of the temperature sensor 16, the microprocessor
20 may then adjust the fine digital potentiometers 26 and, if necessary, the coarse digital
potentiometer 26 to achieve the desired output resistance Ro. Also, the microprocessor 20
may initiate an alert to the user that the repeated sensor resistance value is not valid.

Inclusion of the optical isolators 22 between the microprocessor 20 and the coarse
and fine digital potentiometers 24, 26 and the A/D converters 32A and 32B provide
several benefits. For example, the optical isolators 22 help prevent the medical
instrument 18 from presenting a hazard to the patient or operator through the temperature
repeating system 10 as well as ensuring that a ground loop does not distort the simulated
output resistance Ro. In this regard, a hazard to the operator may, for example, develop if
there is a fault in the temperature sensor 16 connected to the input connector 12 whereby
main voltage becomes present on the input connector 12 port. The isolation provided by
the optical isolators 22 prevents such undesired voltage from coming into contact with the
bulk of the electronics in the patient temperature repeating system 10. The relay 40
between the coarse and fine digital potentiometers 24, 26 and the filter 34, the filter 34
between the relay 40 and the fuses 36, and the fuses 36 between the filter 34 and output
connector 14 also provide several benefits. For example, the relay 40 1s used to
disconnect the coarse and fine digital potentiometers 24, 26 from the output connector 14
and thereby present an open circuit condition at the output connector 14 when patient
temperature information is outside of the measure range of the temperature sensor 16 or is
not available (e.g., the temperature sensor 16 is disconnected from the input connector 12
or is malfunctioning). In this regard, the relay 40 may be a transistor, an analog switch,
or other similar devices operable to open or close in response to control signals from the
microprocessor 20. The filter 34 and fuses 36, for example, protect the circuitry of the
temperature repeating system 10 from external interference and hazards (e.g., excessive
current) resulting from operation of the medical instrument 18 connected to the output
connector 14.

As may be appreciated, the temperature repeating system 10 may be configured in
other manners in addition to the previously described embodiment illustrated m FIG. 2.

For example, feedback to the microprocessor 20 regarding the output resistance Ro

9



10

15

20

25

30

CA 02528612 2005-12-07
WO 2004/112640 PCT/US2004/018251

provided by the potentiometers 24, 26 may not be necessary. In this regard, the
amplifiers 30A, 30B and the A/D converters 32A, 32B need not be included in the
temperature repeating system 10 and the microprocessor 20 can simply set the
potentiometers 24, 26 using open loop control techniques. In other embodiments, the
output resistance Rp can be provided by devices other than parallel coarse and fine digital
potentiometers. For example, a field effect transistor (FET) may be employed with the
drain-source resistance of the FET being varied by controlling the gate-source voltage.
Another alternative manner of providing the desired output resistance Ry 1s a plurality of
analog switches (e.g., BJT or FET transistors) and fixed resistors arrayed in parallel and
series such that various combinations of “on” switches provides the desired output
resistance Ro. It is also possible to provide the desired output resistance Rp by adjusting
the position of an analog potentiometer using a servo motor or the like. Furthermore, the
coarse and fine digital potentiometers 24, 26 might be replaced with a single digital
potentiometer. However, due to the resolution limitations of a typical 10-bit digital
potentiometer presently available, parallel coarse and fine potentiometers 24, 26 as
illustrated in FIG. 2 have the advantage of being able to more accurately match nonlinear
resistance characteristics of a typical thermistor over the necessary range.

Referring now to FIGS. 3A-B there is shown a flow chart illustrating one
embodiment of an operational process (100) for using the temperature repeating system
10 of FIGS. 1 and 2. Prior to using the temperature repeating system 10, it should be
calibrated. In this regard, a more cost effective embodiment of the temperature repeating
system 10 may be manufactured using lower precision components, however, high
accuracy can still be attained through calibration. One manner in which the temperature
repeating system 10 may be calibrated is described below in connection with FIGS. 4A-
C. Once calibrated, operation of the temperature repeating system 10 begins with
connecting (102) a temperature sensor 10 to the input connector 12 and connecting (104)
a medical instrument 18 to the output connector 14 of the temperature repeating system
10. The microprocessor 20 then checks (106) the patient temperature measured by the
temperature sensor 16. In this regard, the microprocessor 20 may round the measured
patient temperature to the nearest 0.1 degrees Celsius. The microprocessor 20 then
determines (108) whether the measured patient temperature 1s within a calibration range
of the temperature repeating system 10. If the measured patient temperature is outside of
the calibration range, the relay 40 is opened (110) and the process returns to step (106). It

the measured temperature is within the calibration range, the microprocessor 20 retrieves
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(112) the appropriate settings for the coarse and fine potentiometers 24, 26 from the non-
volatile memory 38. Settings for the coarse and fine potentiometers 24, 26 corresponding
to various temperatures are stored in the non-volatile memory 38 during calibration. The
microprocessor 20 then sends appropriate control signals to adjust (114) the coarse and
fine potentiometers 24, 26 to the retrieved settings.

After the coarse and fine potentiometers 24, 26 are adjusted to the retrieved
settings, the microprocessor receives (116) feedback current and voltage levels from the
parallel potentiometers via the amplifiers 30A, 30B and A/D converters 32A, 32B. Using
the feedback current and voltage levels, the microprocessor determines (118) the output
resistance provided by the parallel potentiometers 24, 26. The output resistance is then
compared (120) with the desired resistance corresponding to the measured patient
temperature. If the output resistance equals (within the acceptable tolerance range) the
desired resistance, the operational process returns to step (106) wherein the
microprocessor 20 again checks the patient temperature measured by the temperature
sensor 16. If it is determined in step (120) that the output resistance does not equal
(within the acceptable tolerance range) the desired resistance, then the microprocessor 20
determines (122) corrected settings for the coarse and fine potentiometers 24, 26 and/or
provides an alert to the user (124). In this regard, it will typically only be necessary to
correct the setting of the fine potentiometer 26. If corrected settings are determined by
the microprocessor 20, the microprocessor 20 then sends appropriate control signals to
adjust (126) the coarse and fine potentiometers 24, 26 to the corrected settings, and
thereafter the operational process (100) returns to step (106) wherein the microprocessor
20 again checks the patient temperature measured by the temperature sensor 16.

Referring now to FIGS. 4A-C there is shown a flow chart illustrating a calibration
process 200 for the temperature repeating system 10 of FIG. 2. The calibration process
200 identifies the appropriate settings for the coarse and fine potentiometers 24, 26 that
provide the appropriate resistance values across the terminals of the output connector 14
corresponding with various temperatures within a particular range of calibration
temperatures. For example, the calibration process (200) may identify the appropriate
settings for every 0.1 degrees Celsius within the range from 10.0 to 42.0 degrees Celsius
(i.e., for 10.0, 10.1, 10.2, ... , 41.8, 41.9, 42.0 degrees Celsius) within an acceptable
tolerance level. The settings may, for example, be calibrated to within an acceptable
tolerance level of 0.02 degrees Celsius from the desired temperature. The microprocessor

20 may be programmed to perform the calibration process (200), thereby allowing the
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temperature repeating system 10 to be periodically calibrated in the field. The calibration
process (200) is typically performed for a particular model probe or class of probes, as the
appropriate resistance values corresponding to different patient temperatures may vary
between different probe models or classes.
The calibration process (200) begins with initiating the calibration process (202).
The step (202) of initiating the calibration process may involve several sub-steps such as
connecting the output connector 14 to the input connector 12 using, for example, a cable
having plug connectors on either end, as well as identifying the probe model of class for
which calibration is desired. The microprocessor 20 then selects (204) the initial
calibration temperature (e.g., 10.0 degrees Celsius for a calibration range of 10.0 to 42.0
degrees Celsius). A temporary resistance value setting for the fine potentiometer 26 is
then selected (206) based on the current calibration temperature. If the calibration
process (200) has just been initiated, the current calibration temperature will be the initial
calibration temperature selected by the microprocessor 20 in the step (204). In step (200),
the fine potentiometer 26 may be set to provide one of a number (e.g., six) resistance
values depending upon where the current calibration temperature falls in the calibration
range. For example, where the calibration range is from 10.0 to 42.0 degrees Celsius, the
fine potentiometer 26 may be set to provide resistance values of 8798 ohms for
calibration temperatures from 10.0 to 16.9 degrees Celsius, 7820 ohms for calibration
temperatures from 17.0 to 22.9 degrees Celsius, 6843 ohms for calibration temperatures
from 23.0 to 27.9 degrees Celsius, 5865 ohms for calibration temperatures from 28.0 to
32.9 degrees Celsius, 4888 ohms for calibration temperatures from 33.0 to 39.9 degrees
Celsius, and 4399 ohms for calibration temperatures from 40.0 to 42.0 degrees Celsius.
After the temporary resistance value setting for the fine potentiometer 26 1s
selected in step (206), a resistance value setting for the coarse potentiometer 24 1s
calculated (208). In this regard, the resistance value setting for the coarse potentiometer
24 may be calculated from the formula for parallel resistance with the temporary setting
for the fine potentiometer 26 selected in step (206) and the desired output resistance
corresponding to the current calibration temperature as known values. Since the coarse
potentiometer 24 will typically not have sufficient resolution in order to set the coarse
potentiometer 24 at the exact calculated resistance value, in step (208) the calculated
resistance value will typically be rounded to the nearest resistance value achievable with
the coarse potentiometer 24. Thereafter, a new resistance value setting is calculated (210)

for the fine potentiometer 26. In this regard, the resistance value seiting for the fine
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potentiometer 26 may be calculated from the formula for parallel resistance with the
resistance value setting for the coarse potentiometer 26 obtained in step (208) and the
desired output resistance corresponding to the current calibration temperature as known
values.

After the resistance value settings for the coarse and fine potentiometers 24, 26 are
calculated, the coarse and fine potentiometers 24, 26 are adjusted (212) to the calculated
resistance value settings. The microprocessor 20 then measures (214) the output
resistance provided across the terminals of the output connector 14 and compares the
measured output resistance with the desired output resistance corresponding to the current
calibration temperature. If the measured output resistance varies from the desired output
resistance corresponding to the current calibration temperature more than the acceptable
tolerance level, it will typically be necessary to fine tune the settings for the coarse and
fine potentiometers 24, 26 until final settings are determined that provide the desired
output resistance corresponding to the current calibration temperature (within the
acceptable tolerance level).

The fine tuning process may proceed in the following manner. First, the coarse
potentiometer 24 is adjusted (216) until the measured output resistance is as near as
possible to the desired output resistance given the resolution of the coarse potentiometer
24. For example, if the measured output resistance exceeds the desired output resistance,
the setting of the coarse potentiometer 24 may be decreased to the next lower resistance
value achievable from the coarse potentiometer in order to provide a measured output
resistance that is closer to the desired output resistance, or if the measured output
resistance is Iess than the desired output resistance, the setting of the coarse potentiometer
24 may be increased to the next higher resistance value achievable from the coarse
potentiometer in order to provide a measured output resistance that is closer to the desired
output resistance. In step (216), a number of settings for the coarse potentiometer 24 may
need to be tried until the best setting is identified, and the best setting may turn out to be
the setting as calculated in step (208). After the coarse potentiometer 24 1s adjusted to an
appropriate setting, the fine potentiometer 26 is then adjusted (218) using large steps until
a range for the best setting of the fine potentiometer 26 is bracketed. In this regard, an
upper limit for the setting of the fine potentiometer 26 may, for example, be established
by increasing the fine potentiometer 26 setting in ninety-eight ohm increments from the
resistance value calculated in step (210) until the difference between the measured output

resistance and the desired output resistance begins increasing. Likewise, a lower limit for
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the setting of the fine potentiometer 26 may, for example, be established by decreasing
the fine potentiometer 26 setting in ninety-eight ohm increments from the resistance value
calculated in step (210) until the difference between the measured output resistance and
the desired output resistance begins increasing. Next, the fine potentiometer 26 1s then
adjusted (220) within the range bracketed in step (218) using small steps to establish a
narrower range for the best setting of the fine potentiometer 26. In this regard, the fine
potentiometer 26 may be adjusted in forty-nine ohm increments between the lower and
upper limits established in step (218) to identify new lower and upper limits in a manner
similar to step (218). Finally, a final setting for the fine potentiometer 26 1s established
by performing (222) a linear search between the new lower and upper limits established
in step (220).

Once the final resistance value settings corresponding to the current calibration
température for the coarse and fine potentiometers 24, 26 are identified, the settings for
the current calibration temperature are temporarily stored (224). The next step 1s to adjust
(226) the current calibration temperature to the next temperature for which calibration 1s
desired. In this regard, where the initial calibration temperature selected 1n step (204) 1s
at the bottom of the calibration range, the current calibration temperature may simply be
increased by a specified amount (e.g., 0.1 degrees Celsius). It should be appreciated that
the next temperature for which calibration is desired may be obtained differently, such as,
for example, by decreasing the current calibration temperature where the | initial
calibration temperature is at the top of the calibration range. The microprocessor 20 then
determines (228) whether the current calibration temperature is outside the desired
calibration range. If the current calibration temperature is outside the desired calibration
range, the temporarily stored settings for the entire range of calibration temperatures are
stored (230) for later access during operation of the temperature repeating system 10. In
this regard, the settings may be stored in the non-volatile memory device 38. Thereafter,
the calibration process (200) is concluded. If the microprocessor 20 determines that the
current calibration temperature is within the desired calibration range, steps (206) through
(228) are repeated until it is determined in step (228) that the current calibration
temperature is outside the desired calibration range.

While various embodiments of the present invention have been described in detail,
further modifications and adaptations of the invention may occur to those skilled in the
art. However, it is to be expressly understood that such modifications and adaptations are

within the spirit and scope of the present invention.
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What is claimed is:

1. A patient temperature repeating system for repeating a resistance level
from a patient temperature sensor that varies its resistance level in accordance with
patient temperature whereby the resistance level of the patient temperature sensor 1s
accessible by at least one medical instrument without connecting the patient temperature
sensor directly with the medical instrument, said system comprising:

an input connector configured for connection of the patient temperature sensor

thereto;

an output connector configured for connection of at least one medical instrument

thereto;

a variable resistance device controllable to provide a variable resistance level to
said output connector; and

a controller operable to obtain the resistance level provided by a patient
temperature sensor connected to said input connector, said controller being further
operable to control said variable resistance device to establish the resistance level
provided by said variable resistance device to said output connector in accordance with

the resistance level obtained from the patient temperature sensor.

2. The system of claim 1 wherein the patient temperature sensor comprises a
thermuistor.
3. The system of claim 1 wherein the patient temperature sensor comprises a

resistive temperature device.

4. The system of claim 1 wherein said variable resistance device comprises at
least one potentiometer.

3. The system of claim 4 wherein said variable resistance device comprises at
least one coarse digital potentiometer in parallel with at least one fine digital
potentiometer.

6. The system of claim 5 wherein said coarse potentiometer is controllable to
provide a resistance level of between 100 and 10K ohms in 39 ohm increments and said
fine potentiometer is controllable to provide a resistance level of between 100 and 10K
ohms in 9.8 ohm increments.

7. The system of claim 1 wherein said variable resistance device comprises at
least one field effect transistor, said controller being operable to control a gate-source
voltage of said field effect transistor to vary a drain-source resistance level of said field

effect transistor.
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3. The system of claim 1 wherein said variable resistance device comprises a
network of fixed resistors and analog switches, wherein closing different combinations of
said switches provides different resistance levels.

9. The system of claim 1 wherein said variable resistance device comprises a
network of fixed resistors and relays, wherein operating different combinations of said
relays provides different resistance levels.

10. The system of claim 1 wherein said variable resistance device comprises
an analog potentiometer coupled with a servo motor, said controller being operable to
operate said servo motor to control a resistance level of said analog potentiometer.

11.  The system of claim 1 further comprising:

at least one device operable to disconnect said variable resistance device from said
output connector.

12. The system of claim 11 wherein said at least one device operable to
disconnect said variable resistance device from said output connector comprises one of a
relay and an analog switch.

13. The system of claim 1 wherein said controller comprises a microprocessor.

14.  The system of claim 13 further comprising:

a memory configurable to store information retrievable by said microprocessor for
use 1n controlling said variable resistance device.

15.  The system of claim 14 further comprising:

at ieast one feedback loop providing information to said microprocessor relating
to the resistance level provided by said variable resistance device.

16.  The system of claim 15 wherein said feedback loop comprises a first
amplifier in series with a first analog-to-digital converter and a second amplifier in series
with a second analog-to-digital converter, said first amplifier amplifying a voltage level
across said variable resistance device and said second amplifier amplifying a current
through said variable resistance device.

17. The system of claim 15 wherein said feedback loop comprises parallel first
and second amplifiers in series with an analog multiplexer and an analog-to-digital
converter, said first amplifier amplifying a voltage level across said variable resistance
device and said second amplifier amplifying a current through said variable resistance
device.

18.  The system of claim 15 wherein said feedback loop comprises parallel first

and second amplifiers in series with a hybrid analog-to-digital converter including
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multiplexing functionality, said first amplifier amplifying a voltage level across said
variable resistance device and said second amplifier amplifying a current through said
varlable resistance device.

19.  The system of claim 15 wherein said input connector and said
microprocessor are electrically isolated from said variable resistance device, said output
connector, and said feedback loop, and wherein said microprocessor is electrically
1solated from said input connector.

20.  The system of claim 19 wherein the electrical isolation is provided by at
least one optical isolator.

21.  The system of claim 19 wherein the electrical isolation is provided by at
least one transformer.

22.  The system of claim 13 wherein said microprocessor is operable to
periodically obtain the resistance level provided by the temperature sensor to said input
connector and to periodically establish the resistance level provided by said variable
resistance device to said output connector in accordance with the resistance level
periodically obtained from the patient temperature sensor.

23.  The system of claim 22 wherein said microprocessor periodically obtains
the resistance level of the patient temperature sensor and periodically establishes the
resistance level of said variable resistance device at least once per every second.

24.  The system of claim 1 wherein said controller comprises one of an FPGA,
an EPROM, and a flash memory.

25.  The system of claim 1 wherein said variable resistance device and said
controller are operable to provide a resistance level to said output connector that is within
an acceptable tolerance level of the resistance level of the patient temperature sensor.

26.  The system of claim 25 wherein the acceptable tolerance level varies from
+/- 4.5 ohms at a patient temperature of 42°C to +/- 21 ohms at a patient temperature of
10°C.

27.  The system of claim 1 wherein said output connector is configured for
simultaneous connection of multiple medical instruments thereto.

28. A method of repeating a resistance level from a patient temperature sensor
that varies its resistance level in accordance with patient temperature whereby the
resistance level of the patient temperature sensor is accessible by at least one medical
instrument without connecting the patient temperature sensor directly with the medical
instrument, said method comprising the steps of:
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monitoring the resistance level of the patient temperature sensor;

generating a control signal based on the monitored resistance level;

transmitting the control signal to a variable resistance device; and

establishing a setting of the variable resistance device in response to the control
signal to provide an output resistance level to the medical instrument which corresponds
with the monitored resistance level.

29.  The method of claim 28 wherein said steps of monitoring, generating,
transmitting and establishing are performed on a periodic basis.

30. The method of claim 28 wherein said steps of monitoring, generating,
transmitting and establishing are performed on a continuous basis.

31.  The method of claim 28 wherein the variable resistance device comprises a
coarse potentiometer in parallel with a fine potentiometer, and wherein, in said step of
generating, the control signal is configured to provide for at least one of establishing the
setting of the coarse potentiometer and establishing the setting of the fine potentiometer.

32.  The method of claim 31 wherein, in said step of generating, the control
signal includes a first portion for establishing the setting of the coarse potentiometer and a

second portion for establishing the setting of the fine potentiometer.

33.  The method of claim 32 wherein said step of generating the control signal

includes the step of:

retrieving stored settings for the coarse and fine potentiometers associated with
the monitored resistance level.

34.  The method of claim 33 further comprising:

performing a calibration process to derive a plurality of settings for the coarse and

fine potentiometers associated with a plurality of different monitored resistance levels:

and

storing the settings for later retrieval.

35.  The method of claim 34 wherein the calibration process is performed for
patient temperatures within a predetermined temperature range.

36.  The method of claim 34 wherein said step of performing the calibration
process includes the steps of:

generating at least one test signal based on a predetermined resistance level:

transmitting the test signal to the variable resistance device to establish an initial

setting for the variable resistance device;

18



10

15

20

25

30

CA 02528612 2005-12-07
WO 2004/112640 PCT/US2004/018251

monitoring the resistance level of the variable resistive device; and

adjusting the setting of the variable resistance device to identify a final setting for
the variable resistance device wherein the variable resistance device provides a resistance
level that is within an acceptable tolerance range of the predetermined resistance level.

37.  The method of claim 36 wherein said step of monitoring the resistance
level of the variable resistive device comprises looping the output resistance level back
into an input, and obtaining the resistance level of the variable resistive device from the
input.

38.  The method of claim 36 wherein, in said step of adjusting the setting of the
variable resistance device to identify a final setting for the variable resistance device, the
acceptable tolerance range varies from +/- 4.5 ohms at a patient temperature of 42°C to
+/- 21 ohms at a patient temperature of 10°C.

39.  The method of claim 28 further comprising the step of:

generating a feedback signal from the variable resistance device which 1s
employable for use in said step of generating a control signal.

40.  The method of claim 39 further comprising:

generating an alert signal based on said feedback signal.

41. A system for repeating a resistance level from a patient temperature sensor
that varies its resistance level in accordance with patient temperature whereby the
resistance level of the patient temperature sensor 1s accessible by at least one medical
instrument without connecting the patient temperature sensor directly with the medical
instrument, said system comprising:

input means for connecting the patient temperature sensor thereto;

output means for connecting at least one medical instrument thereto;

variable resistance means for providing a variable resistance level to said output
means; and

control means for obtaining the resistance level provided by a patient temperature
sensor connected to said input means and establishing the resistance level provided by
sald variable resistance means to said output means in accordance with the resistance
level obtained from the patient temperature sensor.

42.  The system of claim 41 wherein said input means comprise a plug
connector.

43,  The system of claim 41 wherein said output means comprise a plug

connector.
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44,  The system of claim 41 wherein said variable resistance means comprise at
least one potentiometer.

45.  The system of claim 44 wherein said variable resistance means comprises
a coarse potentiometer in parallel with a fine potentiometer.

46.  The system of claim 41 wherein said variable resistance means comprise at
least one field effect transistor, and wherein said control means are operable to control a
gate-source voltage of said field effect transistor to vary a drain-source resistance level of
said field effect transistor.

47.  The system of claim 41 wherein said variable resistance means comprise a

network of fixed resistors and analog switches, wherein closing different combinations of

said switches provides different resistance levels.

48.  The system of claim 41 wherein said variable resistance means comprise a
network of fixed resistors and relays, wherein operating different combinations of said

relays provides different resistance levels.

49,  The system of claim 41 wherein said control means comprise at least one

of a microprocessor, an FPGA, an EPROM, and a flash memory.
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