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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to object tracking systems, and specifically to position sensors having
high sensitivity at high temperatures for tracking the position and orientation of a medical device.

BACKGROUND OF THE INVENTION

[0002] In many medical procedures, devices, such as probes, endoscopes, catheters, stents and tags/markers are
inserted into a patient’s body. Such devices are used for a large variety of procedures including irreversible surgical
actions, such as ablation and taking of tissue samples. Therefore, it is necessary to have accurate information on the
position and orientation of the probe within the patient’s body.
[0003] Electromagnetic position determining systems provide a convenient method of receiving accurate information
on the position and orientation of intra-body objects, and allow accurate tracking of these objects. Such systems are
described for example in U.S. Patents 5,558,091, 5,391,199 and 5,443,489, and in International Patent Publications
WO94/04938 and WO96/05768. These systems determine the coordinates of a device using one or more field sensors,
such as a Hall effect device, coils or other antennas carried on the device. The field sensors are transducers used as
position sensors and are typically located at or adjacent the distal end of the device, and/or along the length of the device.
Therefore, the transducers are preferably made as small as possible so as to fit into the device without interfering with
the device’s maneuverability or increasing its size unduly.
[0004] U.S. Patent 5,558,091 describes a Hall effect sensor assembly of a cube shape which includes three mutually
orthogonal, thin galvanomagnetic films. This sensor assembly is preferably of dimensions about 3 x 0.75 x 0.75 mm.
The 5,558,091 Patent further describes another Hall effect sensor assembly which includes three field sensing elements
in the form of semiconductor chips. Each chip includes one or more elongated bars of a magnetoresistive material. Each
such chip is sensitive to magnetic field components in the direction of the bar. This assembly preferably has a diameter
of 0.8 mm or less. However, such chips suffer from nonlinearities, saturation effects, hysteresis and temperature drifts.
[0005] Therefore, most magnetic position determining systems use sensors formed of miniature coils that include a
large number of turns of an electrically conducting wire. Such coils are described, for example, in PCT publications
PCT/GB93/01736, WO94/04938 and WO96/05768, in the above mentioned U.S. Patent 5,391,199, and in PCT publi-
cation PCT/IL97/00009. The performance of a sensor coil is dependent on its inductance, which is a function of the
number of turns of the coil times the cross sectional area of the coil. Therefore, in planning and designing a miniature’
coil for use within a surgical device, for example, it is generally necessary to make a compromise between performance
and the size of the coil. Such coils are typically used in position sensors having three mutually orthogonal sensor coils
and typically have minimum dimensions of 0.6 x 0.6 x 0.6 mm and more generally of 0.8 x 0.8 x 0.8 mm. It has always
been believed that smaller coils of the same type would not provide acceptable performance and are also hard to
manufacture. Additionally, given these fixed size limitations, no sensor coils have been developed that have an outer
diameter less than 0.6 mm.
[0006] Moreover, for these types of position sensors, it is common for the sensor coil to include a core. For those
position sensors (sensor coil) that utilize a core, it is known that the material for the core can consist of two acceptable
materials. The first material is ferrite and has been used with success as a core material for medical devices having a
sensor coil with a core.
[0007] The later core material developed that has also proved to be effective as core material for a sensor coil in a
medical device is carbonyl iron. However, for both types of core materials, the sensor coils utilizing such core material
would be generally limited to the outer diameter minimum dimension requirements described above.
[0008] In order to determine both translational and rotational coordinates, some position determining systems, such
as the system described in the above-mentioned PCT publication WO96/05768, use three sensor coils, having respective
axes that are mutually linearly independent, preferably mutually orthogonal. Preferably, these three coils are packaged
together to form a sensor assembly, which is used to provide six-dimensional position and orientation coordinate readings.
The use of an assembly which has the three coils within one package allows easy insertion and/or attachment of the
coils to devices such as catheters. Also, the assembly provides exact positioning of the coils relative to each other, thus
simplifying the calibration of position determining systems using the coils. Generally, the coils are enclosed in a cylindrical-
shaped case, which protects the coils from the surroundings.
[0009] In the system of the ‘768 publication, this assembly typically has a length of about 6 mm and a diameter of
about 1.3 mm. Because the axes of the coils need to be generally mutually orthogonal in order to achieve accurate
position sensing in all six dimensions, it is not possible to make the diameter of the assembly much smaller.
[0010] Although this coil assembly fits into most medical devices, in some cases coils of equivalent performance and
smaller width are desired. For example, U.S. Patent 6,203,493, describes a method of enhancing the accuracy of position
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determination of an endoscope that includes miniature position sensing coils, by distancing the coils from metallic
apparatus within the endoscope. If the coil assembly can be made with a smaller width, it is then possible to increase
the separation between the miniature coils and the metallic apparatus, and thus achieve better accuracy from the position
determining system.
[0011] Coils made by photolithography or VLSI procedures are known as disclosed in US 6,201,387 B1 in which these
coils are referred to as photolithographic coils. Photolithographic coils are generally made in the form of a spiral conductor
printed on a substrate of plastic, ceramic or semiconductor material. Such coils conventionally comprise up to four
overlapping spiral layers, using currently available fabrication techniques.
[0012] Photolithographic coils or antennas are also commonly used in contactless smart cards, as are known in the
art. These cards inductively communicate with and receive power from a reader circuit through a photolithographic coil
or antenna embedded in the card. Because smart cards are limited in thickness to less than 0.8 mm, they generally
include only a single coil, whose axis is necessarily perpendicular to the plane of the card. To communicate with the
reader, the smart card must be properly oriented, so that the coil axis is aligned with a magnetic field generated by the
reader, in order to achieve proper coupling.
[0013] Reducing the width or outer diameter of the coil assembly would allow position determining systems to be used
with narrower devices, which generally have superior maneuverability and ease of access to remote locations. Alterna-
tively, reducing the width or outer diameter of the coil assembly would allow the assembly to occupy a smaller portion
of the cross-sectional area of the device, leaving more space for functional apparatus and/or working channels along
the devices.
[0014] To date, there have been no position sensors or sensor coils having outer diameters that are smaller in size
than the sensors described above and are capable of achieving performance measures such as maintaining a high
degree of accuracy at high temperatures.

SUMMARY OF THE INVENTION

[0015] The present invention is directed toward a system for measuring temperature according to claim 1 and a method
for adjusting for temperature sensitivity according to claim 13. The system and method may comprise a medical device
that comprises a position sensor that may comprise a core made of a Wiegand effect material and a winding circumfer-
entially positioned around the core. The position sensor is used to determine position and/or orientation coordinates and
the temperature.
[0016] The position sensor in preferred embodiments maintains accuracy within ≤ 1 mm at temperatures greater than
75°C. Moreover, the position sensor preferably maintains accuracy within ≤ 1 mm at temperatures at approximately 80°C
[0017] The core of the position sensor may have an outer diameter of less than approximately 0.3 mm and preferably
the core has an outer diameter of about 0.25 mm. Additionally, the winding may be attached to the core. Moreover, a
combination of the core and the winding may have an outer diameter of less than approximately 0.5 mm and preferably
an outer diameter of about 0.4 mm.
[0018] The core of the position sensor may comprise cobalt, vanadium and iron. Moreover, the material of the core
may comprise approximately 20-80% cobalt. The material of the core may comprise approximately 2-20% vanadium.
The material of the core may comprise approximately 25-50% iron. The material of the core preferably comprises
approximately 52% cobalt, 10% vanadium and 38% iron.
[0019] The position sensor may have accuracy to within approximately 0.5 mm. This type of accuracy is achieved with
the position sensor in accordance with invention through the use of a position sensor having a core made of a high
permeable material wherein the material is a magnetic material that produces a magnetic field that switches polarity and
causes a substantially uniform voltage pulse upon an application of an external field.
[0020] The material of the core may alternatively comprise a copper, nickel, and iron alloy (CuNiFe). The material of
the core may instead comprise an iron, chrome, and cobalt alloy. These alternatives for the core material also ensure
accuracy within approximately 0.5 mm for the position sensor.
[0021] The medical device and position sensor combination may comprise a body and a position sensor attached to
the body wherein the position sensor has a core made of Wiegand effect material and a winding circumferentially
positioned around the core.
[0022] Both the position sensor and the medical device and position sensor combination can be used in conjunction
with a position and orientation system that maintains accuracy even at high temperatures.
[0023] The present invention is a system for measuring temperature at a site within a patient during a medical procedure.
The system comprises a medical device having a position sensor for placing within the patient and for positioning at the
site. A temperature measurement signal can be provided to the position sensor and voltage can be measured at the
position sensor. A resistance value can then be determined based on the temperature measurement signal and the
voltage and a temperature value based on the resistance value can then be determined. The system for measuring
temperature in accordance with the present invention can utilize the various embodiments for the position sensor and
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medical device and position sensor combination as outlined above
[0024] An algorithm can be stored in the memory of a signal processor utilized by the position and orientation system.
It may be used to determine the temperature at or adjacent the position sensor of the medical device. The system may
further utilize a resistance drift factor which is added to the measured resistance value in accordance with the algorithm.
[0025] The temperature measurement system in accordance with the present invention further comprises means for
generating an externally applied field, such as an AC magnetic field, at the site within the patient. The externally applied
field is caused by a generator signal provided to a plurality of magnetic field generators. The temperature measurement
signal will be a different frequency than the generator signal. In one embodiment, the temperature measurement signal
is at 4 KHz and the generator signal is at 3 KHz.
[0026] The present invention further includes a method for adjusting for temperature sensitivity of a medical device
having a position sensor wherein the method comprises the steps of providing a medical device having a position sensor
and measuring voltage at the position sensor. A resistance value is determined from the measured voltage and a
temperature value is determined at the position sensor based on the resistance value. Additionally, a sensitivity is
determined at the position sensor based on the temperature. Location information provided by the position sensor may
also be adjusted based on the sensitivity.
[0027] The method for adjusting for temperature sensitivity in accordance with the present invention may utilize the
position sensor and medical device having position sensor combination as outlined above.
[0028] In accordance with the present invention, the location information derived from the position sensor may be in
the form of position and/or orientation coordinates. In accordance with the present invention, a sensitivity algorithm may
be stored in the memory of the signal processor of the position and orientation system. The temperature sensitivity
algorithm may apply a resistance drift factor to the resistance value determined by the method for adjusting for temperature
sensitivity of the medical device.
[0029] Additionally, the sensitivity of the position sensor may be determined by applying a sensitivity drift factor to the
temperature value determined above. The sensitivity drift factor may be stored in the memory of a signal processor.
Both the resistance drift factor and the sensitivity drift factor may be derived from a resistance versus temperature profile
of the position sensor and a sensitivity versus temperature profile of the position sensor respectively. Both the resistance
versus temperature profile of the position sensor and the sensitivity versus temperature profile of the position sensor
may be prestored in the memory of the signal processor of the position and orientation system.
[0030] These and other objects, features and advantages of the present invention will be more readily apparent from
the detailed description set forth below, taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1A is a view in cross-section of a sensor coil having a core for use as a position sensor in accordance with the
present invention;
Fig. 1B is a view in cross-section of the sensor coil of Fig. 1A as a position sensor attached to a body of a medical
device;
Fig. 2 is a schematic illustration of a testing apparatus for the position sensor and medical device of Figs. 1A and
1B according to the present invention;
Fig. 3A is a chart indicating a regressing heat experiment for the position sensor according to the present invention
plotting resistance as a function of temperature;
Fig. 3B is a chart reflecting a regressing heat experiment for the position sensor according to the present invention
plotting sensitivity as a function of temperature;
Fig. 4 is a schematic illustration of another test system utilizing the position sensor according to the present invention;
and
Fig. 5 is a graph of the pulse output for the Wiegand effect material of the position sensor according to the present
invention plotting voltage as a function of time.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] For purposes of this disclosure, the terms "sensor coil", "coil", "position sensor" and "location sensor" have the
same meaning and are used interchangeably. A position sensor is a sensor that provides location information in the
form of signals that determine position and/or orientation coordinates of the position sensor in the manner described
above.
[0033] Figs. 1A and 1B, show a position sensor Useful in carrying out the present invention comprising a sensor coil
10 having a core 12 made of Wiegand effect material, which is described in greater detail below, and a winding (in the
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form of copper wire) attached to or circumferentially wrapped around the core 12. The sensor coil 10 is particularly useful
as a position sensor for a medical device 80 as shown in Fig. 1B. As mentioned previously, the sensor coil 10 is used
as a position sensor for determining location information in the form of position coordinate and/or orientation coordinates.
[0034] The sensor coil 10 preferably has a length L of approximately 3.0 - 4.0 mm although the length L can be longer.
Wires 16 are connected to the sensor coil 10 leading from me winding wire 14 wherein the wires 16 are operatively
connected to a circuit for measurement of the voltage induced in the sensor coil 10.
[0035] As shown in Fig. 1B, the core 12 of the sensor coil 10 has an outer diameter (OD1) less than 0.3 mm and
preferably an OD1 of about 0.25 mm. The total outer diameter for the sensor coil 10 (OD2) is less than 0.5 mm and
preferably an OD2 of about 0.4 mm. Due to the extremely compact size of the sensor coil 10 according to the present
invention, the sensor coil 10 can be accomodated in the body 85 of the medical device 80 wherein the medical device
80 has an outer diameter (OD3) less than or equal to approximately 0.67 mm (2F or less). Thus, sensor coil 10 is useful
as a position sensor in various medical devices 80. For instance, the medical device 80 preferably includes devices
such as a catheter, a probe, a stent, a tag or marker, etc. At these dimensions, the medical device 80 including the
sensor coil 10 is utilized in various medical applications such as diagnostic and/or therapeutic procedures performed in
the various tissue and organs of a patient’s body.
[0036] The sensor coil 10 is particularly useful for medical devices 80 using a single sensor coil as a position sensor
although it can be utilized in position sensors having multiple sensor coil arrangements such as three mutually orthogonal
sensor coils. Medical devices 80 using an arrangement of only one sensor coil 10 are referred to as a "single axis
system". For the sensor coil 10 according to the present invention, the sensor coil 10 has a length L that is at least two
to three times the outer diameter OD2 of the sensor coil 10 and preferably a length L that is greater than six times the
OD2 of the sensor coil 10. Thus, the sensor coil 10 is more sensitive than the prior art sensor coils having ferrite or
carbonyl iron cores. Moreover, the length/OD ratio of the sensor coil 10 ensures that the sensor coil 10 is easier and
cheaper to manufacture since it is mechanically more stable in comparison with sensor coils having ferrite material with
a similar length/OD ratio which would tend to result in a sensor core that is brittle.

Core Material

[0037] The material for the core 12 is a material of high permeability and high mechanical flexibility such as Wiegand
effect material, which may be in the form of a wire. Wiegand effect material is usually produced by cold working a 0.010
inch diameter ferromagnetic wire. The wire is made from Vicalloy which is a mixture of cobalt, iron, and vanadium
(manufactured by HID Corporation of North Haven, Connecticut, USA). This material is a specially work hardened, self-
nucleating bistable magnetic material, which can be in the form of a wire, and can generate pulses up to 600 millivolts
without any electrical inputs. It works by control of the Barkhausen jumps. For purposes of this disclosure, the terms
"Wiegand effect material", "Wiegand material, "Wiegand alloy", and "Wiegand wire" have the same meaning and are
used interchangeably.
[0038] With respect to the use of this Wiegand effect material for the core 12 of the sensor coil 10, the material
comprises various mixture combinations of cobalt, vanadium and iron respectively. For instance, in one embodiment for
the sensor coil 10, the core material comprises approximately 20%-80% cobalt and the remaining percentage of the
material comprises vanadium and iron. In another embodiment for the sensor coil 10, the core material comprises
approximately between 2%-20% vanadium and the remaining percentage of the material comprises cobalt and iron. In
another embodiment of the sensor coil 10, the core material comprises approximately between 25%-50% iron and the
remaining percent of the material comprises cobalt and vanadium.
[0039] In a preferred embodiment for the core 12 of the sensor coil 10, the core material comprises approximately
52% cobalt, 10% vanadium and 38% iron. It is important to note that core material for the core 12 may comprise any
desired combination and percentage of composition in addition to those combinations illustrated above.
[0040] The cold working process utilized on the Wiegand effect material consists of several steps of increasing amounts
of twist and detwist of the Wiegand material (wire) under applied tension.
[0041] The Wiegand effect wire is then age hardened to hold in the tension built up during the cold working process.
This process causes the Wiegand effect material to have a soft magnetic center and a work hardened surface, which
has a higher magnetic coercivity, called the "shell".
[0042] When an alternating magnetic field of proper strength is applied to the Wiegand material, the magnetic field of
the material center switches polarity and then reverses, causing a sharp, substantially uniform voltage pulse to be
generated wherein the pulse is commonly referred to as a "Wiegand Pulse". The cold working process to produce
Wiegand material permanently "locks" the ability to exhibit the well known Barkhausen jump discontinuities into the
material.
[0043] With the Wiegand effect material as a core material, magnetic switching occurs when the Wiegand material is
in the presence of alternating longitudinal magnetic fields. Since the resultant hysteresis loop contains large discontinuous
jumps known as Barkhausen discontinuities which occur due to shell and center polarity The magnetic switching action



EP 1 266 610 B1

6

5

10

15

20

25

30

35

40

45

50

55

of the Wiegand material induces a voltage across the pick-up coil windings 14 of approximately 10 microseconds in
duration as shown in Fig. 5.
[0044] With the Wiegand material, the pulse amplitude is not totally dependent on excitation field strength and orien-
tation. The alternating positive and negative magnetic fields of equal saturating strength are used to magnetize and
trigger the Wiegand material when in use for the position sensor 10. These alternating magnetic fields are produced by
an alternating current generated field.
[0045] Moreover, the Wiegand effect is operational at temperatures ranging between - 80°C to 260°C. Thus, functional
temperature range of each position sensor 10 is based on the limitations of various component subparts of the individual
sensor
[0046] Additionally, in an alternative embodiment, the core 12 of the sensor coil 10 consists of an alloy material
comprising a mixture of copper, nickel and iron (CuNiFe). Alternatively, another embodiment uses a core 12 consisting
of an alloy material comprising a mixture of iron, chrome and cobalt, for instance, ARNOKROME™ manufactured by
the Rolled Products Division of the Arnold Engineering Company (SPC Technologies, Marengo, Illinois, USA). Both of
these materials, e.g. CuNiFe and iron, chrome and cobalt alloys are also highly permeable and highly mechanically
flexible materials and are utilized as core material 12 for the sensor coil 10.

Temperature Sensitivity Testing

[0047] In accordance with the present invention, temperature sensitivity testing was conducted on the position sensor
10 for the development of a temperature sensitivity algorithm (described in detail below) particular to a location system
30 (Fig. 4) having one sensor coil 10 as the position sensor on the medical device 80, particularly, the single axis system
described in commonly assigned US Patent Application Serial No. 09/620,316, filed on July 20, 2000. Accordingly, the
temperature sensitivity algorithm is used in conjunction with the position and orientation algorithm of the location system
30 (Fig. 4), for instance a single axis location system, in order to compensate for changes in temperature sensitivity for
utilizing the position sensor 10 at high temperatures while maintaining a high degree of accuracy, for instance, ≤1mm
and preferably≤ 0.5mm.
[0048] In creating the temperature sensitivity algorithm, heat regression tests were conducted in order to test the
resistance and sensitivity for the sensor coil having cores 12 made of Wiegand effect material as a function of temperature
as best shown in Appendix Table 1 and Figs. 3A and 3B. These tests established values and ranges particular to the
position sensor 10. For instance, these predetermined values include a resistance drift value (Gr) over a large temperature
range (30° to 80° C) for the sensor resistance versus temperature results shown in Fig. 3A and Appendix Table 1 and
a sensitivity drift value (Gs) over the same 30° to 80° C temperature range for the sensor sensitivity versus temperature
results shown in Fig. 3B and Appendix Table 1.
[0049] These values were predetermined by testing the effect of the sensor core 12 composition (Wiegand effect
material) on the temperature sensitivity for twenty sensors 10 (data from eight position sensors 10 representative of all
twenty sensors 10 tested are listed in Appendix Table 1). For this test, each location sensor 10 consisted of a single
sensor coil 10 having core 12 made of Weigand effect material. The temperature sensitivity for each of the sensor coils
10, as the position sensor, were tested in an apparatus as schematically shown in Fig. 2. Accordingly, position sensor
(sensor coil 10) and thermocouple 22 were inserted into a glass tube 24, which was, in turn, placed in a hot water bath
26. Each sensor coil 10 and thermocouple 22 have wire leads 36 and 38, respectively which are attached to instruments
to measure sensor voltage and temperature, respectively. Water was poured into the bath to a level sufficient to submerge
each sensor 10. The bath was placed inside a Helmholtz chamber, consisting of three pairs of mutually orthogonal
Helmholtz coils.
[0050] Fig. 2 shows two of the three pairs of Helmholtz coils; the first pair consisting of Helmholtz coils 28 and 30; and
the second pair consisting of Helmholtz coils 32 and 34. The Helmholtz coils are arranged such that the distance between
the Helmholtz coils in a pair is equal to the radius of each of the Helmholtz coils in the pair. In the Helmholtz chamber,
each pair of Helmholtz coils is disposed coaxially, the three pairs of Helmholtz coils having three, mutually orthogonal
axes. The Helmholtz chamber has the property that the magnetic field within the chamber is relatively invariant with
distance from the center of the chamber. Nevertheless, in testing the position sensors 10, efforts were made to locate
the sensors 10 in the same spot within the chamber. The Helmholtz coils were energized with alternating current (AC)
having a frequency of 3 KHz. Sensor voltages were measured from one sensor coil 10 in each position sensor in five
degree increments over the temperature range of 30° to 80°C. Measurements were performed on the twenty position
sensors 10 wherein the sensor coil cores 12 were all made of Wiegand effect material for determining parameters such
as resistance drift Gr, temperature sensitivity drift Gs, resistance drift versus temperature slope a0 and sensitivity drift
versus temperature slope b0 used to establish a sensitivity correction S(T), e.g. as part of a real time sensitivity com-
pensation algorithm for the position and orientation algorithm of the location system 30.
[0051] A 4 KHz signal is sent through the sensor coil 10 and the voltage across the coil 10 is measured. The ratio of
voltage and the 4 KHz current (I) is the resistance. The 4 KHz signal is used in order not to disturb the other frequencies



EP 1 266 610 B1

7

5

10

15

20

25

30

35

40

45

50

55

of the system 30 which are below 4 KHz.
[0052] First, since the current (I) delivered through each sensor 10 is consistent and uniform (from a 4 KHz signal
delivered by the position and orientation system 30 shown in Fig. 4),the voltages read on each sensor 10 at each
temperature were converted to a resistance value by signal processor 48. Resistance drift values Gr were plotted against
temperature as illustrated in Fig. 3A and Appendix Table 1. The resistance values (in ohms) were measured at each
temperature along the selected temperature range (30° to 80° C) and were converted to the gradient values Gr (as %
drift of resistance), i.e. the percentage difference of a sensor coil resistance at temperature T relative to its resistance
at 80°C according to the equation:

wherein Gr is resistance drift as the gradient value in percent (% drift), R(T) is the sensor coil resistance at temperature
T and R(80) is the sensor coil resistance at 80°C. Based on these results, the total resistance drift was approximately
13% over the entire temperature range. As shown in Fig. 3A, the plot shows a linear relationship (linear curve) between
resistance drift and temperature and the slope b0 for this resistance change is relatively constant at approximately 0.30%/
degree for all of the sensors 10 tested. Accordingly, a resistance drift factor b0, e.g. 0.30 (slope of the resistance versus
temperature data), is predetermined, set and stored in the signal processor 48 for the location system 30.
[0053] Additionally, sensitivity (S) in V/gauss at KHz was also measured for each of the sensors 10 over the temperature
range and sensitivity drift Gs was determined and plotted against temperature as shown in Fig. 3B. These sensitivity
measurements S were converted to gradient values Gs (as % drift of temperature sensitivity), i.e., the percentage
difference of a sensor coil voltage at temperature T relative to its voltage at 80°C, according to the following equation: 

wherein Gs is sensitivity drift as the gradient value in percent (% drift), V(T) is the coil voltage at temperature T and V
(80) is the sensor coil voltage at 80°C. Based on these results, the total sensitivity drift is approximately 1.24% over the
entire temperature range and the slope a0 for this sensitivity drift versus temperature profile is approximately 0.025%/
degree. Thus, a sensitivity drift factor a0, e.g. the 0.25 slope, is a constant that is predetermined, set and stored in the
signal processor 48 for the location system 30.

Temperature Sensitivity Algorithm and Use

[0054] Based on the testing conducted, a temperature sensitivity algorithm has been created for the location system
30. The data from the testing showed that the resistance change b0 and the sensitivity change a0 for the position sensors
10 tested are constants as evidenced by the results in Appendix Table 1 and Figs 3A and 3B. Both of these constants
(a0 and b0) are stored in the memory of the signal processor 48 for the location system 30.
[0055] Additionally, each position sensor 10 (used on the medical device 80) is calibrated at room temperature, for
instance, temperature range between 20° - 23° C in order to set an initial sensitivity So and an initial resistance R0 for
each position sensor 10. These values are also stored in the signal processor 48 in the memory portion, for instance,
the EPROM.
[0056] When in use, the medical device 80 having the position sensor 10 is placed within a patient and within an
externally applied generated AC magnetic field from a plurality of magnetic field generators (not shown) positioned
external to the patient. When using the medical device 80, for instance in a procedure such as an ablation procedure,
current (I) is delivered through the position sensor 10 as a consistent and uniform signal, for instance, a 4 KHz signal
delivered by the location system 30. The voltage value is determined at the sensor 10 and the voltage value is converted
to the resistance value R(T) by signal processor 48 according to the formula R(T)=V/I. In turn, the real time temperature
(T) at the position sensor 10 is determined according to the formula: 
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where R(T) is the resistance determined at the current or real time temperature at the position sensor 10, R0 is the initial
resistance determined during the calibration procedure and recalled from the signal processor memory and b0 is the
resistance drift factor also recalled from memory.
[0057] The next step after calculating the real time temperature T is to determine the current or real time sensitivity S
(T) of the position sensor 10 at this temperature according to the formula: 

where So is the initial sensitivity for the position sensor 10, a0 is the sensitivity drift factor (both determined during the
calibration procedure and recalled from memory), and T is the real time temperature calculated above.
[0058] In the next step, the position and orientation algorithm (location algorithm) of the location system 30 is adjusted
in order to account for the real time sensitivity S(T) which is now used as a correction factor for the position and orientation
algorithm according to the formula: 

where B is the calculated magnetic field at the measured at the position sensor 10, V is the voltage at the position sensor
10 and S(T) is the real time sensitivity of the position sensor 10 at the real time temperature. In turn, the new magnetic
field measurement B is used in the position and orientation algorithm to calculate the location, e.g. the position and
orientation, of the position sensor 10.
[0059] Accordingly, at any given moment during use of the medical device 80 and the location system 30, the accuracy
of the position and orientation coordinate information derived from the position sensor 10 is maintained to an accuracy
of ≤ 1mm and preferably ≤ 0.5mm through use of the temperature sensitivity algorithm.

Accuracy Testing

[0060] Additionally, another test was performed to measure the effect of sensor coil core composition on the determined
location of a medical device 80 under simulated ablation conditions (high temperature) using the apparatus, including
the location system 30, schematically shown in Fig. 4. The distal tips of medical devices, e.g. an ablation catheter 80
and a reference catheter 80a were securely fastened in water bath 44 to prevent movement of the catheter tips during
the test. The ablation catheter 80 and reference catheter 80a both contained position sensors. In addition, the ablation
catheter 80 was equipped with a 4 mm long ablation electrode 91 at its distal tip. The bath was filled with salt water
having an impedance of about 100 ohms to simulate blood. The proximal ends of the catheters 80 and 80a were connected
to junction box 46 through which electrical signals from and to the position sensors and electrode 91 could be received
and transmitted. Junction box 46 was connected to signal processor 48 to compute the location (in position and orientation
coordinate form) of the ablation catheter tip 80 relative to the reference catheter tip 80a. RF generator 50 was connected
to junction box 46 to supply RF energy to the ablation electrode 91 at the distal tip of ablation catheter 80. RF generator
return electrode 52 was also contained in bath 44 and was connected to RF generator 50.
[0061] The apparatus of Fig. 4 was contained within a magnetic field generated by three magnetic field generator
elements, e.g. electromagnets (not shown) arranged in a triangular arrangement roughly 40 cm between centers posi-
tioned below the apparatus. For each catheter tested, ten location readings were made prior to supplying RF energy to
the catheter tip electrode 91. Another ten location readings were made after the supply of RF energy was initiated to
the distal tip electrode at a power level of 70 W. Several types of catheters were evaluated. The catheter types included
catheters having location sensors having sensor coil cores comprising ferrite; catheters having location sensors with
sensor coil cores comprising carbonyl iron and catheters 80 having sensor coils 10 with cores 12 made of Wiegand
effect material. The temperature sensitivity correction algorithm was employed by the signal processor 48 when testing
the catheters 80 having the sensor coils 10 with Weigand effect material cores 12 of the present invention.
[0062] Since the catheter tips were securely fastened to the bath during the tests, absent any location error, the catheter
tips should have registered the same location before and during the supply of RF energy to the distal tip electrodes. In
fact, differences between tip location before and during supply of RF energy were observed. The average location error
of the catheters during simulated ablation conditions (defined as the absolute value of the difference in tip location before
and during supply of RF energy to the catheter tip electrode) as a function of sensor core composition is shown in Table
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2 below.

[0063] As shown in Table 2, although the sensor coil 10 with the Wiegand effect material (Wiegand alloy) core 12
demonstrated a greater than 2X increase in sensitivity over both the ferrite and carbonyl iron core sensor coils, a high
degree of accuracy was still maintained, e.g. only 05mm error. This minimal error in the position and orientation coordinate
information was a direct result of the temperature sensitivity correction algorithm. Accordingly, even though the position
sensor 10 reflected an overall sensitivity ranging from between 7.0-8.0 V/gauss, the position sensor 10 demonstrated
a high degree of accuracy due to its minimal location error. Thus, the position sensor 10 is particularly useful for various
medical applications including even those medical applications that experience high temperatures up to 80°C such as
thermal ablation procedures . Moreover, the average location error of approximately 0.5 mm for the position sensor 10
and this is extremely close, if not negligible, to the location error observed with the carbonyl iron core sensor coils even
though these coils demonstrate lower sensitivity. Thus, there is a negligible drop-off in accuracy in exchange for the
significant decrease in size afforded by the position sensor 10. A size benefit that cannot be achieved with position
sensors utilizing either ferrite or carbonyl iron as its core material because of challenges posed by the handling and
manufacturing requirements of these two materials. The drawbacks associated with these two materials are due to
characteristics such as brittleness in these materials which have an overall limitation on the ratio between length and
diameter for the sensor. Accordingly, since the position sensor 10 eliminates these drawbacks, it can be utilized in much
smaller sized devices, such as sizes outlined above, than previuosly thought possible.

Temperature Measurement with Position Sensor

[0064] The present invention includes a system for measuring the temperature adjacent the position sensor (sensor
coil) 10 on the medical device 80 utilizing the sensor coil 10 and the position and orientation system 30. The system for
measuring temperature, at the medical device 80, in accordance with the present invention includes establishing a
temperature measurement signal distinct from the signal used to energize the electromagnetic field generators (not
shown) of the system 30. As with the field generator signal, the temperature measurement signal is an AC signal.
However, the temperature measurement signal is at a different frequency from the frequency used to drive the field
generators.
[0065] The temperature measurement signal is a uniform AC signal transmitted to the sensor coil 10 by the system
30. For instance, the field generators are driven by a field generator signal having a frequency of 3KHz and the temperature
measurement signal sent to the sensor coil 10 has a frequency of 4 KHz.
[0066] As the medical device 80 is used in a medical procedure, for instance an ablation procedure, the temperature
generated during the procedure by the device 80 or other devices which may be utilized along with the device 80 are
monitored and measured by the system 30 using the sensor coil 10 of the device 80. As mentioned above, the method
according to the present invention is particularly useful for direct measurement of temperatures adjacent the sensor coil
10 of the device 80.
[0067] In measuring temperature, the temperature measurement signal, for instance a 4 KHz signal, is provided to
the sensor coil 10 and the voltage across the sensor coil 10 is measured by the system 30 through the signal processor
48. Since the temperature measurement signal, e.g. current (I) and the measured voltage are both known at this point,
the signal processor 48 readily determines the resistance at the sensor coil 10 based on these two values.
[0068] In accordance with the temperature sensitivity algorithm outlined above, the resistance value determined by
the signal processor 48 (based on the temperature measurement signal and the measured voltage) is adjusted by the
resistance drift factor bo constant) by the signal processor 48. Accordingly, this adjustment allows the signal processor
48 to accurately determine the actual temperature at the sensor coil 10.
[0069] Accordingly, in a temperature measurement system in accordance with the present invention, the medical
device 80 having sensor coil 10 is adapted to be placed within a patient and within a magnetic field at a desired site for

TABLE 2

LOCATION ERROR (MM) AND SENSITIVITY (V/GAUSS AT 3 KHZ) AS A FUNCTION OF SENSOR COIL CORE 
COMPOSITION

SENSOR COIL CORE 
COMPOSITION

AVERAGE LOCATION ERROR 
(mm)

SENSITIVITY (V/GAUSS)

Ferrite 5.9 3.0

Carbonyl Iron 0.4 3.3

Wiegand Alloy 0.5 7.0-8.0
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performing a medical procedure with the device 80. The position and orientation system 30 is generated to a magnetic
field through a generator signal provided to the plurality of magnetic field generators (not shown). As mentioned above,
a field generator signal at a first frequency, for instance 3 KHz is provided to the field generators and a temperature
measurement signal (I) at a second frequency, for instance 4 KHz, is provided to the sensor coil 10.
[0070] As the medical device 80 is being used at the desired site within the patient and within the externally applied
magnetic field, a voltage measurement is made by the signal processor 48 in order to measure the voltage across the
sensor coil 10. In accordance with the algorithm described above, both the temperature measurement signal (I) and the
measured voltage value are used by the signal processor 48 to determine a resistance value at the sensor coil 10. And,
in accordance with this algorithm, an actual temperature value is determined in real time based on the actual temperature
measured with the sensor coil 10.
[0071] Thus, with the actual temperature value, the operator or physician utilizing the system 30 can take appropriate
actions. For instance, if the temperature generated during a procedure, such as an ablation procedure, becomes too
high, for instance, exceeds 80°C, the physician may want to pause the procedure and allow for the temperature to cool
at the site prior to continuing with the procedure. This is a direct safety benefit to the patient. Accordingly, the temperature
measurement system according to the present invention provides the physician with great flexibility and avoids having
to use separate temperature monitors or temperature sensors such as thermocouples. Thus, by utilizing the present
invention, the overall costs of the medical procedure are also reduced.
[0072] While preferred embodiments of the present invention have been shown and described herein, it will be obvious
to those skilled in the art that such embodiments are provided by way of example only. Numerous variations, changes,
and substitutions will now occur to those skilled in the art without departing from the invention. Accordingly, it is intended
that the invention be limited only by the scope of the appended claims.
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Claims

1. A system for measuring temperature at a site within a patient during a medical procedure, the system comprising:

a medical device (80) having a position sensor (10) which is adapted to be used by placing the medical device
(80) within the patient and positioning the position sensor (10) at the site, wherein the sensor is a coil;

characterised by:

a means for providing a temperature measurement signal to the position sensor (10);
a means for measuring voltage at the position sensor (10);
a means for determining a resistance value based on the temperature measurement signal and the voltage;
a means for determining a temperature value based on the resistance value, wherein the resistance value
determined is the resistance of the coil.

2. The system according to Claim 1, wherein the temperature value is adapted to be determined based on an algorithm.

3. The system according to Claim 2, wherein the algorithm is adapted to apply a resistance drift factor to the resistance
value in accordance with the algorithm.

4. The system according to claim 1, further comprising means for generating an externally applied field at the site
within the patient.

5. The system according to claim 4, further comprising means for generating the externally applied field by a generator
signal, the generator signal being at a different frequency than the temperature measurement signal.

6. The system according to any one of the preceding Claims, wherein the means for generating the externally applied
field is adapted to use the generator signal to generate an AC magnetic field.

7. The system according to Claim 6, wherein the generator signal will be at 3 KHz.

8. The system according to Claim 7, wherein the temperature measurement signal will be at 4 KHz.

9. The system according to any one of the preceding Claims, comprising a signal processor for measuring the voltage
at the position sensor.

10. The system according to Claim 9, comprising means for determining the resistance value using the signal processor.

11. The system according to Claim 10, comprising means for determining the temperature value using the signal proc-
essor.

12. The system according to Claim 11, the medical device further comprising means for performing an ablation procedure
at the site with the medical device.

13. A method for adjusting for temperature sensitivity of a medical device (80) having a position sensor (10), the method
comprising the steps of:

providing a medical device (80) having a position sensor (10), wherein the sensor (10) is a coil; characterised by,
providing a temperature measurement signal to the position sensor (10);
measuring voltage at the position sensor (10);
determining a resistance value from the measured voltage;
determining a temperature value at the position sensor (10) based on the resistance value, wherein the resistance
value determined is the resistance of the coil; and
determining a sensitivity at the position sensor based on the temperature.

14. The method according to Claim 13, further comprising adjusting location information from the position (10) sensor
based on the sensitivity.
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15. The method according to Claim 14, further comprising adjusting position and orientation coordinates from the position
sensor (10) based on the sensitivity.

16. The method according to Claim 15, further comprising determining the temperature value at the position sensor
(10) by applying a resistance drift factor to the resistance value.

17. The method according to Claim 16, further comprising recalling the resistance drift factor from a memory of a signal
processor.

18. The method according to Claim 17, further comprising establishing the resistance drift factor from a resistance
versus temperature profile of the position sensor (10).

19. The method according to Claim 15, further comprising determining the sensitivity at the position sensor (10) by
applying a sensitivity drift factor to the temperature value.

20. The method according to Claim 19, further comprising recalling the sensitivity drift factor from a memory of a signal
processor.

21. The method according to Claim 20, further comprising establishing the sensitivity drift factor from a sensitivity versus
temperature profile of the position sensor (10).

Patentansprüche

1. System zum Messen der Temperatur an einem Ort innerhalb eines Patienten während eines medizinischen Vor-
gangs, wobei das System Folgendes umfasst:

eine medizinische Vorrichtung (80), die einen Positionssensor (10) besitzt, der dafür ausgelegt ist, durch An-
ordnen der medizinischen Vorrichtung (80) innerhalb des Patienten und Positionieren des Positionssensors
(10) an dem Ort verwendet zu werden, wobei der Sensor eine Spule ist;

gekennzeichnet durch:

ein Mittel zum Liefern eines Temperaturmesssignals an den Positionssensor (10);
ein Mittel zum Messen der Spannung an dem Positionssensor (10);
ein Mittel zum Bestimmen eines Widerstandswertes anhand des Temperaturmesssignals und der Spannung;
ein Mittel zum Bestimmen einer Temperatur anhand des Widerstandswertes, wobei der bestimmte Widerstands-
wert der Widerstand der Spule ist.

2. System nach Anspruch 1, wobei der Temperaturwert anhand eines Algorithmus bestimmt werden kann.

3. System nach Anspruch 2, wobei der Algorithmus dafür ausgelegt ist, einen Widerstandsdriftfaktor gemäß dem
Algorithmus auf den Widerstandswert anzuwenden.

4. System nach Anspruch 1, das ferner Mittel zum Erzeugen eines äußerlich angelegten Felds an dem Ort innerhalb
des Patienten umfasst.

5. System nach Anspruch 4, das ferner Mittel zum Erzeugen des äußerlich angelegten Felds durch ein Generatorsignal
umfasst, wobei das Generatorsignal eine von der Frequenz des Temperaturmesssignals verschiedene Frequenz
besitzt.

6. System nach einem der vorangehenden Ansprüche, wobei die Mittel zum Erzeugen des äußerlich angelegten Felds
ausgelegt sind, das Generatorsignal zu verwenden, um ein Wechselspannungs-Magnetfeld zu erzeugen.

7. System nach Anspruch 6, wobei das Generatorsignal bei 3 kHz liegt.

8. System nach Anspruch 7, wobei das Temperaturmesssignal bei 4 kHz liegt.
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9. System nach einem der vorangehenden Ansprüche, das eine Signalverarbeitungseinheit zum Messen der Spannung
an dem Positionssensor umfasst.

10. System nach Anspruch 9, das Mittel zum Bestimmen des Widerstandswerts unter Verwendung der Signalverarbei-
tungseinheit umfasst.

11. System nach Anspruch 10, das Mittel zum Bestimmen des Temperaturwerts unter Verwendung der Signalverar-
beitungseinheit umfasst.

12. System nach Anspruch 11, wobei die medizinische Vorrichtung ferner Mittel zum Durchführen eines Ablationsvor-
gangs an dem Ort mit der medizinischen Vorrichtung umfasst.

13. Verfahren zum Anpassen der Temperaturempfindlichkeit einer medizinischen Vorrichtung (80), die einen Positions-
sensor (10) besitzt, wobei das Verfahren die folgenden Schritte umfasst:

Bereitstellen einer medizinischen Vorrichtung (80), die einen Positionssensor (10) besitzt, wobei der Sensor
(10) eine Spule ist; gekennzeichnet durch
Liefern eines Temperaturmesssignals an den Positionssensor (10);
Messen der Spannung an dem Positionssensor (10);
Bestimmen eines Widerstandswerts aus der gemessenen Spannung;
Bestimmen eines Temperaturwerts an dem Positionssensor (10) anhand des Widerstandswerts, wobei der
bestimmte Widerstandswert der Widerstand der Spule ist; und
Bestimmen einer Empfindlichkeit an dem Positionssensor anhand der Temperatur.

14. Verfahren nach Anspruch 13, das ferner das Anpassen der Ortsinformationen von dem Positionssensor (10) anhand
der Empfindlichkeit umfasst.

15. Verfahren nach Anspruch 14, das ferner das Anpassen der Positions- und Orientierungskoordinaten von dem
Positionssensor (10) anhand der Empfindlichkeit umfasst.

16. Verfahren nach Anspruch 15, das ferner das Bestimmen des Temperaturwerts an dem Positionssensor (10) durch
Anwenden eines Widerstandsdriftfaktors auf den Widerstandswert umfasst.

17. Verfahren nach Anspruch 16, das ferner das Abrufen des Widerstandsdriftfaktors aus einem Speicher der Signal-
verarbeitungseinheit umfasst.

18. Verfahren nach Anspruch 17, das ferner das Aufstellen eines Widerstandsdriftfaktors aus einem Widerstands-
Temperatur-Profil des Positionssensors (10) umfasst.

19. Verfahren nach Anspruch 15, das ferner das Bestimmen der Empfindlichkeit an dem Positionssensor (10) durch
Anwenden eines Empfindlichkeitsdriftfaktors auf den Temperaturwert umfasst.

20. Verfahren nach Anspruch 19, das ferner das Abrufen des Empfindlichkeitsdriftfaktors aus einem Speicher der
Signalverarbeitungseinheit umfasst.

21. Verfahren nach Anspruch 20, das ferner das Aufstellen des Empfindlichkeitsdriftfaktors aus einem Empfindlichkeits-
Temperatur-Profil des Positionssensors (10) umfasst.

Revendications

1. Système permettant de mesurer la température au niveau d’un site dans le corps d’un patient au cours d’une
intervention médicale, le système comprenant :

un dispositif médical (80) comportant un capteur de position (10) adapté à être utilisé en plaçant le dispositif
médical (80) dans le corps du patient et en positionnant le capteur de position (10) au niveau du site, lequel
capteur est une bobine ;
le système étant caractérisé par :
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un moyen servant à fournir un signal de mesure de température au capteur de position (10) ;
un moyen servant à mesurer une tension au niveau du capteur de position (10) ;
un moyen servant à établir une valeur de résistance à partir du signal de mesure de température et de la
tension ;
un moyen servant à établir une valeur de température à partir de la valeur de résistance, laquelle valeur
de résistance établie correspond à la résistance de la bobine.

2. Système selon la revendication 1, la valeur de température étant adaptée à être établie à partir d’un algorithme.

3. Système selon la revendication 2, l’algorithme étant adapté à appliquer un facteur de dérive de résistance à la valeur
de résistance conformément à l’algorithme.

4. Système selon la revendication 1, comprenant en outre un moyen servant à générer un champ appliqué de l’extérieur
au niveau du site dans le corps du patient.

5. Système selon la revendication 4, comprenant en outre un moyen servant à générer le champ appliqué de l’extérieur
par un signal de générateur, le signal de générateur étant à une fréquence différente de celle du signal de mesure
de température.

6. Système selon l’une quelconque des revendications précédentes, le moyen servant à générer le champ appliqué
de l’extérieur étant adapté à utiliser le signal de générateur pour générer un champ magnétique alternatif.

7. Système selon la revendication 6, le signal de générateur étant à 3 kHz.

8. Système selon la revendication 7, le signal de mesure de température étant à 4 kHz.

9. Système selon l’une quelconque des revendications précédentes, comprenant un processeur de signal servant à
mesurer la tension au niveau du capteur de position.

10. Système selon la revendication 9, comprenant un moyen servant à établir la valeur de résistance au moyen du
processeur de signal.

11. Système selon la revendication 10, comprenant un moyen servant à établir la valeur de température au moyen du
processeur de signal.

12. Système selon la revendication 11, le dispositif médical comprenant en outre un moyen servant à réaliser une
intervention ablative au niveau du site au moyen du dispositif médical.

13. Procédé permettant d’ajuster la sensibilité à la température d’un dispositif médical (80) comportant un capteur de
position (10), le procédé comprenant l’étape consistant à :

utiliser un dispositif médical (80) comportant un capteur de position (10), lequel capteur (10) est une bobine ;
le procédé étant caractérisé en ce qu’il comprend les étapes consistant à :

fournir un signal de mesure de température au capteur de position (10) ;
mesurer une tension au niveau du capteur de position (10) ;
établir une valeur de résistance à partir de la tension mesurée ;
établir une valeur de température au niveau du capteur de position (10) à partir de la valeur de résistance,
laquelle valeur de résistance établie correspond à la résistance de la bobine ; et
établir une sensibilité au niveau du capteur de position à partir de la température.

14. Procédé selon la revendication 13, comprenant en outre l’étape consistant à ajuster des informations d’emplacement
provenant du capteur de position (10) à partir de la sensibilité.

15. Procédé selon la revendication 14, comprenant en outre l’étape consistant à ajuster des coordonnées de position
et d’orientation provenant du capteur de position (10) à partir de la sensibilité.

16. Procédé selon la revendication 15, comprenant en outre l’étape consistant à établir la valeur de température au
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niveau du capteur de position (10) en appliquant un facteur de dérive de résistance à la valeur de résistance.

17. Procédé selon la revendication 16, comprenant en outre l’étape consistant à extraire le facteur de dérive de résistance
d’une mémoire d’un processeur de signal.

18. Procédé selon la revendication 17, comprenant en outre l’étape consistant à établir le facteur de dérive de résistance
à partir d’un profil de résistance en fonction de la température associé au capteur de position (10).

19. Procédé selon la revendication 15, comprenant en outre l’étape consistant à établir la sensibilité au niveau du
capteur de position (10) en appliquant un facteur de dérive de sensibilité à la valeur de température.

20. Procédé selon la revendication 19, comprenant en outre l’étape consistant à extraire le facteur de dérive de sensibilité
d’une mémoire d’un processeur de signal.

21. Procédé selon la revendication 20, comprenant en outre l’étape consistant à établir le facteur de dérive de sensibilité
à partir d’un profil de sensibilité en fonction de la température associé au capteur de position (10).
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