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Description

BACKGROUND

a. Field

[0001] The present disclosure relates generally to the magnetic localization of medical instruments within a human
body. More specifically, the instant disclosure relates to detecting magnetic field distortions within a magnetic field used
for such magnetic localization systems.

b. Background Art

[0002] EP 1 878 384 A2 relates to systems for assessing magnetic field distortion that effects position tracking meas-
urements.
[0003] US 2012/0092004 A1 relates to a method of detection and to a detector of a disturber of the amplitude of a
magnetic field in proximity to a source of this magnetic field.
[0004] US 2010/331671 A1 relates to a system for and a method of determining and compensating for the effect of a
field influencing object on a field sensor.
[0005] Electrophysiology (EP) catheters have been used for an ever-growing number of procedures. For example,
catheters have been used for diagnostic, therapeutic, mapping and ablative procedures, to name just a few examples.
Typically, a catheter is manipulated through the patient’s vasculature to the intended site, for example, a site within the
patient’s heart, and carries one or more electrodes, which may be used for diagnosis, mapping, ablation, or other
treatments. Precise positioning of the catheters and clinician knowledge of the precise location within the body of the
patient is desirable for improved procedure success rates.
[0006] To position a catheter within the body at a desired site, some type of localization must be used. To determine
the relative position of the catheter to patient anatomy, magnetic localization systems have been developed that provide
a location of the catheter within a well-known and controlled magnetic field. The externally-generated magnetic fields
include precise magnetic gradients (field lines) that are sensed by the catheter (e.g., by elements such as coils) being
located within the magnetic field. The currents induced by the magnetic field(s) in the sensors are analyzed using
algorithmic processes and used to determine the position of the catheter within the patient’s body. Once the catheter is
positioned within the patient, as desired, a clinician may operate the catheter, for example, to ablate tissue to interrupt
potentially pathogenic heart rhythms.
[0007] However, magnetic localization systems are susceptible to error induced by magnetic distortions within the
magnetic field caused by, for example, extraneous ferrous or metallic objects intruding into the magnetic field. The
introduction of such distortions may result in the system presenting an inaccurate position of the catheter within the
patient’s body. Such inaccurate catheter location data can limit the efficacy of a medical procedure.
[0008] The foregoing discussion is intended only as an exemplary illustration of the present field and is not intended
to limit the claim scope.

BRIEF SUMMARY

[0009] Various embodiments of the present disclosure identify and correct for magnetic field distortions associated
with the intrusion of metallic objects in a magnetic field used for localization of a medical device.
[0010] Various embodiments of the present disclosure are directed to systems for detecting magnetic distortion in a
magnetic field used for localizing a catheter within a patient. In one exemplary embodiment, the system includes one or
more metal distortion fixtures, and processor circuitry. The metal distortion fixture includes more than one sensor coil
positioned at fixed distances and orientations relative to one another. Each of the sensor coils senses the magnetic field
aligned with the orientation of the sensor and outputs an electrical signal indicative of the sensed magnetic field. The
processor circuitry is communicatively coupled to the metal distortion fixture, and receives the electrical signals from
each of the sensor coils, calculates a time-dependent magnetic field magnitude value for each of the received signals,
and detects magnetic distortion. In yet further more specific embodiments, the processor circuitry calculates a magnetic
shift in the magnetic field between a first magnitude value at a first time and a second magnitude value at a second time,
later than the first time, by comparing the two magnitude values and determining a change in magnitude value over time.
The calculated shift is then compared to a threshold shift amount indicative of a distortion that will impede the efficacy
of the catheter localization within the patient.
[0011] Various embodiments of the present disclosure are directed to apparatuses for detecting electronic signals
indicative of magnetic distortion in a magnetic field for localization of a catheter within a patient. In one exemplary
embodiment, the apparatus includes a first sensor coil, a second sensor coil oriented orthogonally to the first sensor coil
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and fixedly positioned relative to the first sensor coil, and a third sensor coil oriented orthogonally to the first and second
sensor coils and fixedly positioned relative to the first and second sensor coils. The first, second, and third sensor coils
receive energy indicative of a magnetic field strength and magnetic field orientation substantially coaxial with the receiving
sensor coil. In yet further more specific embodiments, each of the coils converts energy from the magnetic field into an
electrical signal, and variation of the electrical signal output of the sensor coil over time may be indicative of a change
in the magnetic field associated with the introduction of a ferrous object into the magnetic field.
[0012] Various embodiments of the present disclosure are directed to methods for detecting magnetic distortion in a
magnetic field for localization of a catheter within a patient. In one exemplary embodiment, the method includes receiving
a first set of one or more signals from a metal distortion sensor indicative of the magnetic field sensed by each of the
sensor coils within the metal distortion sensor at a first time. Based on the first set of signals, a first magnitude value of
the combined signals indicative of a magnetic field at the first time is determined. After a time, a second set of one or
more signals from the metal distortion sensor indicative of the magnetic field sensed by each of the sensor coils at a
second time are received, and a second magnitude value of the combined signals indicative of another magnetic field
at the second time is determined. Based on the first and second magnitude values, a magnetic shift is determined and
compared a threshold shift amount indicative of a magnetic distortion in the magnetic field that causes a substantial
variation between the perceived location of the catheter within the patient and the actual location at a given time.
[0013] Additional features, advantages, and embodiments of the disclosure may be set forth or apparent from con-
sideration of the detailed description and drawings. Moreover, it is to be understood that the foregoing brief summary
and the following detailed description, drawings, and attachment are exemplary and intended to provide further expla-
nation without limiting the scope of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to provide a further understanding of the disclosure, are
incorporated in and constitute a part of this specification, illustrate embodiments of the disclosure and together with the
detailed description serve to explain the principles of the disclosure.

Figure 1 is a schematic diagram of a magnetic localization system, consistent with various aspects of the present
disclosure.

Figure 2A is a fragmentary, isometric view of a catheter assembly comprising a catheter configured for localization
in a magnetic localization system and an introducer, consistent with various aspects of the present disclosure.

Figure 2B is an enlarged, fragmentary side view of the distal tip assembly of the catheter of Figure 2A, consistent
with various aspects of the present disclosure.

Figure 3A is a top view of a magnetic detection sensor, consistent with various aspects of the present disclosure,
with portions of the sensor housing broken away to reveal internal features.

Figure 3B is an isometric view of the magnetic detection sensor of Fig. 3A, consistent with various aspects of the
present disclosure.

Figure 3C is an enlarged top view of an embodiment of a sensor coil array configuration broken away from, for
example, the magnetic detection sensor of Figs. 3A and 3B, consistent with various aspects of the present disclosure.

Figure 4 is an side view of an exemplary placement of magnetic detection sensors on a patient during a medical
procedure, consistent with various aspects of the present disclosure.

Figure 5 is an isometric view of a magnetic distortion detection chest fixture on a patient analog, consistent with
various aspects of the present disclosure.

Figure 6 is a diagram of various operating room suite configurations including a magnetic-based localization system
and example localization results for each configuration, consistent with various aspects of the present disclosure.

Figure 7 is an isometric view of a magnetic distortion detection chest fixture on a patient analog, consistent with
various aspects of the present disclosure.

[0015] While various embodiments discussed herein are amenable to modifications and alternative forms, aspects
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thereof have been shown by way of example in the drawings and will be described in further detail. It should be understood,
however, that the intention is not to limit the disclosure to the particular embodiments described. On the contrary, the
intention is to cover all modifications, equivalents, and alternatives falling within the scope of the disclosure including
aspects defined in the claims.

DETAILED DESCRIPTION

[0016] Cardiac localization systems are capable of displaying a three-dimensional (3D) position of conventional elec-
trophysiology catheters within an overlaid model or image of a cardiac chamber. These localization systems may also
display cardiac electrical activity as waveform traces and as dynamic 3-D isopotential maps on the model of the cardiac
chamber. The contoured surfaces of these three dimensional models are based on the anatomy of the patient’s own
cardiac chamber. These localization systems may use impedance based and/or magnetic based localization technologies
to render catheter position and model creation.
[0017] When using magnetic localization, the magnetic fields generated from a local source are inherently susceptible
to distortions caused by metallic or ferrous objects intruding into, or being placed adjacent to, the generated magnetic
fields. Such distortions can cause inaccuracies in calculated or determined medical device locations and in related
anatomical models and other representations.
[0018] Magnetic sensors embedded within intracardiac catheters are used to determine position and orientation of
the catheter with respect to one or more known reference positions. This magnetic position and orientation information
can be used to navigate the catheter and can also be used to optimize impedance-based catheter localization. When
navigating catheters in magnetic space, the displayed or otherwise reported positions of the catheters can notably shift
(e.g., visually shift on a screen displaying a representation of the location of the catheters) when the underlying magnetic
field is changed/distorted despite no actual change (or minimal actual change) in the catheter’s physical location. Un-
derstandably, this shift can cause inaccuracies to models created using the reported locations of the catheters. Magnetic
position and orientation data from catheters can also be used in conjunction with impedance-based localization tech-
nologies and used to optimize/scale non-linear impedance fields. Embodiments of the present disclosure, as described
in more detail below with reference to the figures, identify the existence of such distortions within a magnetic field.
[0019] FIG. 1 shows a schematic diagram of a magnetic localization system 8 used for navigating the human anatomy
of a patient 11 (depicted, for simplicity’s sake, as an oval in FIG. 1) while conducting a medical procedure. For example,
as shown in FIG. 1, the system 8 may be used to map a heart 10 of the patient and to navigate a cardiac catheter through
the chambers of the heart. Magnetic localization system 8 determines the location (and, in some embodiments, the
orientation) of objects (e.g., a portion of a diagnostic or ablation catheter, such as the electrode assembly 112 depicted
in FIGS. 2A and 2B), typically within a three-dimensional space, and expresses those locations as position information
determined relative to at least one reference. Specifically, the magnetic localization system 8 can be used to determine
the location of the cardiac catheter within a magnetic field, which is then overlaid onto, for example, an image or a model
of the heart 10. In other embodiments, magnetic resonance imaging data, among other reference data may be overlaid
onto the three-dimensional space to provide a clinician with a virtual work environment in which to reference for real-
time position of the cardiac catheter relative to the patient’s heart 10.
[0020] The magnetic localization system 8 may include various visualization, localization, mapping, and navigation
components. For example, the localization system 8 may comprise a magnetic-field-based system such as the CARTO™
system commercially available from Biosense Webster, and as generally shown with reference to one or more of U.S.
Patent Nos. 6,498,944; 6,788,967; and 6,690,963. In another exemplary embodiment, the localization system 8 may
comprise a magnetic field based system such as the MEDIGUIDE™ Technology system available from St. Jude Medical,
Inc., and as generally shown with reference to one or more of U.S. Patent Nos. 6,233,476; 7,197,354; 7,386,339; U.S.
Patent No. 9326702 B2 entitled "Medical Device Navigation System" filed on 13 March 2014, U.S. Provisional Patent
Application No. 61/834,223 entitled "Medical Device Navigation System" filed on 12 June 2013, and International Ap-
plication No. PCT/IB2014/059709 entitled "Medical Device Navigation System" filed on 13 March 2014. In yet another
embodiment, the localization system 8 may comprise a hybrid electric-field-based and magnetic-field-based system,
such as, for example and without limitation, the systems described in U.S. Patent Publication No.20130066193 A1
entitled "Catheter Navigation Using Impedance and Magnetic Field Measurements" filed on 13 September 2011 and
U.S. Patent No. 9901303 B2 entitled "System and Method for Registration of Multiple Navigation Systems to a Common
Coordinate Frame" filed on 14 April 2011, or the CARTO™ 3 system commercially available from Biosense Webster.
In yet still other exemplary embodiments, the localization system 8 may comprise or be used in conjunction with other
commonly available systems, such as, for example and without limitation, fluoroscopic, computed tomography (CT),
and magnetic resonance imaging (MRI)-based systems. For purposes of clarity and illustration only, the localization
system 8 will be described hereinafter as comprising a magnetic-based localization system.
[0021] Various embodiments of the present disclosure may include various visualization, mapping and navigation
components as known in the art, including, for example, an EnSite™ NavX™ Electro Anatomical Mapping System
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commercially available from St. Jude Medical, Inc., or as seen generally by reference to U.S. Patent No. 7,263,397 (the
’397 patent), or U.S. Patent Publication No. 2007/0060833 A1, United States application no. 7885707 B2 (application
no. 11/227,580) filed 15 September 2005 (the ’580 application).
[0022] FIG. 1 may further exemplify a hybrid localization system including two localization systems: an impedance-
based localization system and a magnetic-based localization system.
[0023] In general, and as shown in FIG. 1, localization system 8 includes a plurality of magnetic field transmitters (e.g.,
12, 14, 16, 18, 19, and 21) that emit a magnetic field across the patient’s body 11. These magnetic field transmitters,
which may be placed upon or attached/applied to the patient, or fixed to an external apparatus, define three generally
orthogonal axes, e.g., an x-axis, a y-axis, and a z-axis. The magnetic field transmitters are electrically coupled to a
magnetic field generator. The magnetic field generator generates one or more magnetic fields that may be transmitted
simultaneously, time multiplexed, and/or frequency multiplexed via the magnetic field transmitters. A switch 13 samples
the signals received from one or more of receivers 17, 22, and 31 (e.g., a catheter, a patient reference sensor, an internal
reference sensor, a metal distortion sensor, etc.). The received signals from the receivers, indicative of the magnetic
field that traversed through the patient’s body 11 from one or more of the transmitters, are then converted from an analog
to a digital signal for further processing by the computer system. The computer system performs computations on the
data received from the receivers to determine, for example, the location of a cardiac catheter within the patient’s heart.
However, the actual catheter position may be obscured by magnetic distortions within the magnetic field caused by other
ferrous/metallic bodies. These magnetic distortions are associated with an error rate of the perceived position of the
catheter compared to the actual position of the catheter.
[0024] For reference by a clinician during a procedure, the perceived location of the catheter within the magnetic field
can be presented on a display in relation to known reference points, e.g., cardiac chambers, arteries, etc.
[0025] For purposes of this disclosure, an exemplary medical device, such as a catheter may extend into the left
ventricle of the patient’s heart 10. The catheter includes a plurality of sensor coils spaced along its length. As used
herein, the term "sensor coils" generically refer to any element whose position within a magnetic field can be measured
by that system (e.g., magnetic sensors). Because each sensor coil lies within the magnetic field, localization data may
be collected simultaneously for each sensor coil.
[0026] A magnetic-based localization system 8 may include a fixed reference 22 to define the origin of the magnetic-
based localization system’s coordinate frame. This fixed reference provides a relative position to which the positions of
sensor coils on the catheter are measured. Such a fixed reference can likewise be in a fixed internal or external location.
Likewise, multiple references may be used for the same or different purposes (e.g., to correct for respiration, patient
shift, system drift, or the like).
[0027] A computer system, which can comprise a conventional general-purpose computer, a special-purpose com-
puter, a distributed computer, or any other type of computer, and which can comprise one or more processors, such as
a single central processing unit (CPU), or a plurality of processing units, commonly referred to as a parallel processing
environment, may control magnetic localization system 8 and/or execute instructions to practice the various aspects of
the embodiments described herein.
[0028] FIG. 2A is a simplified, isometric view of a single-use catheter assembly 100, comprising a catheter 106 that
includes a catheter tip assembly (or an electrode assembly or distal tip assembly) 112 at a distal end portion and
operatively adapted for conducting a diagnostic or a therapeutic procedure under clinician control. A proximal end portion
104 of the catheter 106 may include a steering handle or other mechanism (not shown). In the present embodiment,
catheter 106 is a mapping catheter. The catheter 106 includes a flexible shaft 102 extending between the proximal end
portion 104 and the catheter tip assembly 112. The catheter assembly 100 further includes an electrical connector (not
shown) configured to establish electrical connection(s) between the catheter tip assembly 112 and external electrical
components (not shown) to perform, for example, localization, mapping, ablation, and/or pacing procedures. FIG. 1
further shows an introducer 114 comprising part of the catheter assembly 100. The catheter tip assembly 112 may
comprise a plurality of sensors coils (or localization coils or sensors) such as those shown schematically in, for example,
FIGS. 3A, 3B, and 3C of the present application, or the sensors shown in U.S. Patent No. 6,690,963 (see, e.g., sensors
30, 32, 34 depicted in FIGS. 2 and 3), These localization coils may be located, for example, in the region shown by the
dashed box 122 in FIG. 2B.
[0029] FIG. 2B is an enlarged, side view showing, in greater detail, the tip assembly 112. The tip assembly 112 includes
a tip electrode 124 (schematically shown in FIG. 2B); a plurality of ring electrodes 128R-2, 128R-3, and 128R-4; and a
plurality of electrical conductors 120 (e.g., one conductor electrically connected to each of the three ring electrodes and
a separate conductor electrically connected to the tip electrode 124). Additional electrical connectors may extend prox-
imally from the tip assembly 112 if localization coils are located in, for example, the area outlined by dashed box 122.
[0030] FIGS. 3A and 3B are views of a metal distortion sensor 300 including a circuit board 310 that is electrically
coupled to first, second, and third sensor coils 315, 320, and 325, respectively. Each of the sensor coils are affixed
relative to the metal distortion sensor housing 305 and the circuit board 310, with the sensor coils fixed, at least in this
embodiment, in orthogonal orientations relative to one another. During operation, the metal distortion sensor 300 is
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placed within a generated magnetic field and each of the respective sensor coils receive energy indicative of the strength
and orientation of the magnetic field. In one specific embodiment, a vector sum of the received energy is computed to
determine a perceived change in the position of the sensor coils relative to one another. A perceived change being
indicative of a magnetic distortion in the magnetic field proximal the metal distortion sensor. In medical magnetic local-
ization applications (as discussed in more detail above), such magnetic distortions affect the ability of the system to
accurately locate a positon of, for example, a catheter within the patient’s body.
[0031] Before transmitting the received signals from the first, second, and third sensor coils 315, 320, and 325, re-
spectively, to computing circuitry for processing and for determination of the amount of distortion in the magnetic field,
circuitry within circuit board 310 may conduct a number of signal processing functions including, e.g., analog-to-digital
conversion, pre-amplification, and signal noise filtration. After signal processing, the received signals are transmitted to
magnetic localization system processor circuitry via cable 330 which is coupled to the circuit board 310 via bonding pads
335. In further embodiments, the metal distortion sensor may wirelessly transmit the received signals from each of the
sensor coils to the processor circuity of the magnetic localization system using wireless data transmission protocols
known to one of skill in the art.
[0032] FIG. 3C shows an exemplary sensor coil array 370 (including first, second, and third sensor coils, 315, 320,
and 325, respectively), exploded away from the housing 305, circuit board 310, and other components shown in FIGS.
3A and 3B. As shown in FIG. 3C, the sensor coils are oriented orthogonal to one another and affixed at precise distances
from each other. During operation of the metal distortion sensor in a magnetic field, the output of the sensor coil array
is used to calculate magnitude positions and orientations associated with the mechanical position and orientation of the
sensor coils relative to one another. In one specific embodiment, for example, the vector sum of the distances are
calculated between the centers of the longitudinal axes of the three sensor coils. In response to a distortion in the
magnetic field, the perceived location of one (or more) of those sensor coils may be displaced from its known/fixed
location relative to the other sensor coils. As a result, the corresponding vector sum would be correspondingly affected.
A change in the vector sum from the initial index value, above a determined threshold, is indicative of a distortion to the
generated magnetic field which is unreliable. After determining an initial index-value (where the magnetic field is free of
distortions), subsequent magnitude positions and orientations may be correlated timewise. These later magnitude values
may vary from the initial index-value due to localized magnetic distortions within the magnetic field, resulting in a perceived
skewing of the location and orientation of the sensor coils relative to one another (even though the orientation and
position of the sensor coils to one another are fixed). The initial index-value may be compared to subsequent index-
values to determine when acceptable levels of magnetic field distortion during a medical procedure are exceeded. This
delta value (the change in value between the initial index-value and a subsequent index-value) is associated with distortion
related drift in the localization of the catheter.
[0033] In one exemplary embodiment, an acceptable delta value for magnetic distortion may be determined by the
clinician (e.g., a soft threshold value), and/or the processor circuitry (e.g., a hard threshold value). In such an embodiment,
the magnetic localization system may indicate that a distortion is affecting the perceived location of the catheter within
the patient upon exceeding the soft threshold value, but continue displaying the perceived location of the catheter on
the display. Where the delta value of the index-value exceeds a hard threshold value, the magnetic localization system
may no longer update the display with the newly-calculated perceived location of the catheter due to the perceived
inaccuracy of the location information. Once the calculated index-value falls back below the hard threshold value, the
magnetic localization system will resume updating the display with the perceived location of the catheter within the patient.
[0034] As shown in Fig. 3C, a specific experimental/detailed configuration of the sensor coil array 370 is presented.
First sensor coil 315 is orientated orthogonal to both second sensor coil 320 and third sensor coil 325. Accordingly, each
of the sensor coils is oriented planar to one of three dimensional axes, and receives magnetic field energy that is
substantially co-axial with the sensor coil. A center-point of the first coil being 5.596 millimeters (mm) from a center point
of the second sensor coil, and the center-point distance between the first and second sensor coils and the third and
second sensor coils being 3.006 mm, with an angular offset of the second and third sensor coils relative to the first
sensor coil being 22 degrees, and an angular offset of the first and third sensor coils relative to the second sensor coil
also being 22 degrees. It is to be understood that various other relative positions and orientations of the sensor coil array
can also be utilized.
[0035] During operation of the magnetic localization system utilizing a sensor coil array 370 (as shown in FIG. 3C),
the calculated magnitude values of the sensed magnetic field rely on the fixed spacing of the sensor coils to determine
when magnetic distortion in the magnetic field is resulting in catheter location data that is excessively skewed.
[0036] FIG. 4 shows an exemplary placement of two metal distortion sensors 410 and 420 relative to a patient 450
during a medical procedure where magnetic localization of a medical device within a patient is utilized (e.g., a cardiac
ablation procedure). In the present embodiment, the first metal distortion sensor 410 is placed anterior to the patient
450 (e.g., on a patient’s chest), while a second metal distortion sensor 420 is placed posterior to the patient (e.g., between
a patient’s back and an operating table 455). In many exemplary embodiments, the first and second metal distortion
sensors are ideally located adjacent (and opposite one another) to the anatomy of the patient where the procedure is
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being conducted. As shown in FIG. 4, the first and second metal distortion sensors are opposite one another relative to
the heart 451, which is receiving treatment by way of catheter 430, which is extended into the heart. Magnetic field
transmitters surrounding the patient emit a magnetic field used to determine the position of the catheter. Specifically,
the catheter, including a coil in its tip region, senses the magnetic field in proximity to the coil. Processing circuitry can
then determine, based on the sensed magnetic field at the tip of the catheter, where the coil is located in the magnetic
field and, therefore, where the tip of the catheter is located. However, egress of other ferrous objects into the magnetic
field create magnetic distortions within the field that affect localization of the catheter within the field. Accordingly, the
first metal distortion sensor 410 detects magnetic distortions in proximity to the anterior of the patient (e.g., medical
instruments and equipment), and the second metal distortion sensor 420 detects magnetic distortions in proximity to the
posterior of the patient (e.g., ferrous objects associated with the operating room table, or other objects in the magnetic
field there below). In such a configuration, magnetic distortions can be identified and a determination can be made as
to the effect of the magnetic distortion on the catheter (e.g., whether the magnetic field in proximity to the catheter is
being excessively affected by the magnetic distortion).
[0037] Figure 5 shows an isometric view of a medical operating suite configuration 500 including magnetic distortion
detection chest fixture 510 on a patient 550 situated on an operating table 555. As shown in at least one embodiment,
the magnetic distortion detection fixture 510 may include three metal distortion sensors 515, 520, and 525. In the present
embodiment, the chest fixture 510 is rigid to maintain a constant distance (including position and orientation) between
each of the metal distortion sensors. Each of the three metal distortion sensors 515, 520, and 525 can include an array
of sensor coils. Each of the sensor coils can be affixed in orthogonal orientations relative to one another. In at least one
embodiment, each of the metal distortion sensors 515, 520, and 525 may include an array of three orthogonally orientated
and affixed sensor coils, similar to that described and illustrated above in connection with metal distortion sensor 300
(see, e.g., Figures 3A and 3B).
[0038] During a medical procedure, a chest fixture 510 comprising a plurality of sensor coils is placed within a magnetic
field. Each of the respective sensor coils, in each of the respective metal distortions sensors 515, 520, and 525 receive
energy indicative of the strength and orientation of the magnetic field. In one specific embodiment, a vector sum of the
received energy is computed to determine a perceived change in the position of the sensor coils relative to one another
(and/or the perceived change in the position of the metal distortions sensors relative to one another). A perceived change
being indicative of a magnetic distortion in the magnetic field proximal to the chest fixture 510.
[0039] During operation of the metal distortion sensors 515, 520, and 525 in a magnetic field, the output of each
magnetic distortion sensor can be used to calculate magnitude positions and orientations associated with the mechanical
position and orientation of the magnetic distortion sensors relative to one another. In one specific embodiment, for
example, the vector sum of the distances are calculated between the magnetic distortion sensors. In response to a
distortion in the magnetic field, the perceived location of one (or more) of the magnetic distortion sensors may be displaced
from its known/fixed location relative to the other magnetic distortion sensors. As a result, the corresponding vector sum
would be correspondingly affected. A change in the vector sum from an initial index value, above a determined threshold,
is indicative of a distortion to the generated magnetic field. After determining an initial index-value (where the magnetic
field is free of distortions), subsequent magnitude positions and orientations may be correlated timewise. These later
magnitude values may vary from the initial index-value due to localized magnetic distortions within the magnetic field,
resulting in the erroneous reporting of the location and orientation of the magnetic distortion sensors relative to one
another (even though the orientation and position of the magnetic distortion sensors, relative to one another, are fixed).
The initial index-value may be compared to subsequent index-values to determine when acceptable levels of magnetic
field distortion during a medical procedure are exceeded. The delta value (the change in value between the initial index-
value and a subsequent index-value) is associated with distortion related drift in the localization of the catheter.
[0040] In various embodiments of the present disclosure, to prevent inaccuracies in a magnetic localization system,
the magnetic localization system can utilize one or more of the magnetic distortion sensors (e.g., 515, 520, and 525) in
the chest fixture 510 to determine a variance between actual locations (based on the known/fixed position of the magnetic
distortion sensor within the system) and perceived locations (those determined based on the received magnetic fields
at the magnetic distortion sensor and post-processing). The determined variance is indicative of magnetic distortion
throughout the magnetic field due to egress of ferrous/metallic objects into the magnetic field. Based on the variance at
each of the magnetic distortion sensor locations, a transform may be computed to correct for the distortion at all locations
within the magnetic field, including the magnetic distortion experienced by the medical device being magnetically local-
ized.
[0041] In various embodiments of a magnetic distortion detection and correction chest fixture, in accordance with the
present disclosure, the chest fixture can take a number of various shapes including, for example, a "T" shape, an "X"
shape, among other shapes. The shape of the chest fixture being controlled by ideal positioning of the metal distortion
sensors at precise locations relative to one another (and within a magnetic field for localizing a medical device therein).
The chest fixture can include a varying amount of sensors, including two or more metal distortion sensors. In many
embodiments, the metal distortion sensors at least partially encircle the medical device to improve detection of magnetic
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distortions in proximity to the medical device. Further, in embodiments where fluoroscopy or other X-ray type imaging
is required (during a medical procedure), the chest fixture can include materials that are transparent to X-ray imaging,
and/or shaped to prevent interference with such imaging.
[0042] Figure 6 is a diagram 600 of various operating room suite configurations including a medical device localization
system and exemplary localization results for each configuration. Suite configuration 671 shows X-ray detector 662 and
X-ray tube 663 located at nominal positions, where the magnetic components of the X-ray detector and X-ray tube are
located far enough from a magnetic field 679 emitted from magnetic field transmitter (field generator) 677 (through patient
table 603) is not distorted by these ferrous components. As a result, the localization of an object within motion box 672
(an area within which localization of the medical device can take place) is accurate, as shown in an exemplary display
image 674 showing the appropriate position of the object, within the patient’s cardiac muscle.
[0043] Suite configuration 672 shows X-ray detector 662 and X-ray tube 663 located at undesirable positions, where
the magnetic components of the X-ray detector and X-ray tube are located within a magnetic field 679 emitted from
magnetic field transmitter (field generator) 677, distorting the magnetic field around motion box 678 via eddy currents
680. As a result, the localization of an object within the motion box 672 is inaccurate. As shown in exemplary display
image 675, even though the localizes object is within the patient’s cardiac muscle, the magnetic distortion from the
magnetic components within the magnetic field causes the false localization of the object outside of the cardiac muscle.
[0044] Suite configuration 673 shows X-ray detector 662 and X-ray tube 663 located at undesirable positions, where
the magnetic components of the X-ray detector and X-ray tube are located within a magnetic field 679 emitted from
magnetic field transmitter (field generator) 677, distorting the magnetic field in and around motion box 678 via eddy
currents 680. As a result, the localization of an object within the motion box 672 is inaccurate. However, each of the
magnetic distortion sensors 681 placed around the outer periphery of the motion box 678 detect whether the magnetic
field at its known location is distorted. In response to the distortion, a transform can be calculated based on the data
provided by the magnetic distortion sensors and applied to the object within the motion box. As shown in exemplary
display image 676, even though the localized object is located within a distorted magnetic field, the transform corrects
the perceived location of the object and correctly positions it within the patient’s cardiac muscle.
[0045] Figure 7 shows an isometric view of a medical operating suite configuration 700 including magnetic distortion
detection chest fixture 710 on a patient 750 situated on an operating table 755. The magnetic distortion detection fixture
710 includes three metal distortion sensors 715, 720, and 725. The chest fixture 710 is rigid to maintain a constant
distance (including position and orientation) between each of the metal distortion sensors. Each of the three metal
distortion sensors 715, 720, and 725 can include an array of sensor coils. Each of the sensor coils can be affixed in
orthogonal orientations relative to one another. In the present embodiment, each of the metal distortion sensors 715,
720, and 725 may include an array of three orthogonally orientated and affixed sensor coils, similar to that described
and illustrated above in connection with metal distortion sensor 300 (see, e.g., Figures 3A and 3B).
[0046] During a medical procedure, a chest fixture 710 comprising a plurality of sensor coils is placed within a magnetic
field produced by a hybrid localization system for the purposes of detecting a magnetic distortion in proximity to a medical
device within a patient 750. A hybrid localization system utilizes both impedance-based and magnetic field-based local-
ization methodologies to more accurately determine the medical devices location. Each of the respective sensor coils,
in each of the respective metal distortions sensors 715, 720, and 725, receive energy indicative of the strength and
orientation of the magnetic field. A perceived change over time, of the received energy, is indicative of a magnetic
distortion in the magnetic field proximal to the chest fixture 710.
[0047] In FIG. 7, a magnetic distortion detection chest fixture 710 is implemented with a hybrid localization system,
such as the EnSite™ NavX™ Electro Anatomical Mapping System commercially available from St. Jude Medical, Inc.
The EnSite™ NavX™ mapping system may utilize both impedance-based and magnetic field-based localization meth-
odologies (e.g., a hybrid system). Impedance measuring patches 752A-B are electrically coupled to the patient. In some
implementations of the EnSite™ NavX™ mapping system, the impedance measuring patches 752A-B are placed on a
patient’s chest (e.g., 752B), on either side of patient’s chest (e.g., 752A), and on at least one of patient’s legs. Based on
the varying impedance values detected by the impedance measuring patches 752A-B, an impedance-based location of
the medical device may be determined.
[0048] In the embodiment of Fig. 7, the chest fixture 710 enables improved accuracy within the system by indicating
when a location of the medical device provided by the magnetic field-based localization system is inaccurate due to a
magnetic distortion. In response, the mapping system may ignore the location data from the magnetic field-based portion
of the system, or correct for the distortion using one or more of the methods disclosed herein. For example, data from
one or more of the magnetic distortion sensors (e.g., 715, 720, and 725) in the chest fixture 710 may be used to determine
a variance between actual locations (based on the known/fixed position of the magnetic distortion sensor within the
system) and perceived locations (those determined based on the received magnetic fields at the magnetic distortion
sensor and post-processing). The determined variance is indicative of magnetic distortion throughout the magnetic field
due to egress of ferrous/metallic objects into the magnetic field. Based on the variance at each of the magnetic distortion
sensor locations, a transform may be computed to correct for the distortion at all locations within the magnetic field,
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including the magnetic distortion experienced by the medical device being magnetically localized.
[0049] In further more specific embodiments of the present disclosure, and consistent with all the above embodiments,
magnetic distortion sensors (and the sensor coils therein) may also be utilized to compensate for the sensed magnetic
distortion. To compensate for magnetic distortion in the magnetic localization system, the fixed locations of the magnetic
distortion sensors provide a fixed reference frame. Based on the variance between the actual position (a known position
or a position detected during calibration) and the perceived location of each of the magnetic distortion sensors based
upon the sensed magnetic field, the effect of the magnetic distortion throughout the magnetic field may be calculated
and represented by a transform that restores the perceived locations of each of the magnetic distortion sensors back to
the respective actual positions. Similarly, the transform may be applied to the perceived location of a medical device
within the magnetic field to determine a corrected (actual) location of the medical device.
[0050] Where an actual location of a magnetic distortion sensor in a reference frame is not known (such as where the
fixture is fixed to the patient), the relative location of the magnetic distortion sensor to another magnetic distortion sensor,
where the distance between the two magnetic distortion sensors is fixed, can also be relied upon to correct for magnetic
distortion in a magnetic localization system. The transform in such an embodiment being based upon a variance between
the actual distances between the magnetic distortions sensors and the perceived distances between the magnetic
distortions sensors based upon the sensed magnetic field at each of the magnetic distortion sensors. The calculated
transform may then be used to correct the perceived location of the medical device.
[0051] In embodiments such as those presented in FIG. 5, the magnetic distortion sensors 515, 520, and 525 are
generally centered about the portion of the patient’s body where the medical device localization is to take place. For
example, in a cardiac-related operation, the magnetic distortion sensors are desirably positioned in close proximity to
the patient’s heart to improve detection of magnetic distortions affecting the medical device therein.
[0052] In view of the present disclosure, various other configurations of a chest fixture for magnetic distortion detection
and correction within a magnetic localization system for use during a medical procedure are readily envisioned. For
example, in one embodiment, the chest fixture is positioned on a patient analog to replicate the positioning of the chest
fixture and other leads/pads (e.g., electrocardiography ("ECG") pads, impedance-based localization system pads, among
others) on a patient for an intracardiac procedure. The chest fixture may be generally situated on a patient’s chest in
proximity to the area of the patient where magnetic localization is to take place (e.g., a target area). In more specific
embodiments, the magnetic distortion sensors at each end of the chest fixture encircle the target area to maximize
magnetic distortion detection, which can emanate from a multitude of locations within the operating room.
[0053] In some embodiments, a chest fixture for magnetic distortion detection and correction within a magnetic local-
ization system may be formed of a rigid material, such as a plastic. As discussed above, to detect and correct for magnetic
distortions, fixed positions between the magnetic distortions sensors in the chest fixture minimize error associated with
variation in the interstitial spacing between the magnetic distortion sensors. However, aspects of the present disclosure
may also implement semi-fixed arrangements of the magnetic distortion sensors.
[0054] In various implementations of a chest fixture for magnetic distortion detection and correction, where applications
require the use of fluoroscopy or other X-ray type imaging, the chest fixture may be comprised (to the extent possible)
with X-ray translucent materials to limit chest fixture exposure in the resulting images.
[0055] It should be readily understood that a chest fixture, as disclosed herein, may take a number of varying shapes
and sizes, and comprise one or more magnetic distortion sensors. The configurations disclosed in, for example, FIGs.
5 and 7 are intended to show one example embodiment of such a chest fixture with an array of magnetic distortion
sensors, and is not at all intended to limit the multitude of shapes and sizes such a chest fixture could take.
[0056] Specific algorithms used in conjunction with the metal distortion sensors and processing circuitry for determining
the existence of magnetic distortions within the magnetic field and the effect of the magnetic distortion on magnetic
localization of the catheter 430 within the magnetic field are presented below. Based on the specific/experimental metal
distortion detection algorithms disclosed below, one of skill in the art is readily capable of deriving numerous detection
algorithm variations hereto.

Specific/Experimental Metal Distortion Detection Algorithms

[0057] In a first specific/experimental metal distortion detection algorithm, sensor coil array(s) are assigned a magnitude
value correlated with vector distance between individual sensors. Subsequent values and/or changes from index values
are used to determine whether the system is operating within acceptable levels of magnetic field distortion/interference.
For purposes of the present disclosure, this value is described as the Metal Distortion Sensor ("MDS") value. In the
present specific/experimental embodiment, the sensor coil array includes three sensor coils; however, various other
embodiments may be readily implemented, in view of the present disclosure, that utilize sensor coil arrays with one or
more sensor coils.
[0058] Metal distortion detection is achieved by observing the amount of shift seen in the position data of the catheters
and correlating it to an amount of shift seen in the MDS. The MDS value is calculated from the three 5 degree of freedom
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(A, B and C) sensors of the MDS assembly and calculated by the equation below. In view of the following, a skilled
artisan would readily be able to craft algorithms for applications using more than one metal distortion sensor. 

[0059] Shift between 2 points is calculated per the Euclidean distance equation: 

where x1, y1, z1 is the P&O data from the baseline location and x2, y2, z2 is the P&O data from the measured data
point. MDS Delta = |MDS Measured Value at given shift - MDS Baseline Value|
[0060] Through characterization in typical application environments, one can correlate the amount of change in the
MDS value (MDS Delta) and a shift in the perceived location of an intracardiac catheter due to the magnetic field distortion.
The value defined above is calculated using only 3 (Tx, Ty, Tz) out of the 5 degrees of freedom.
[0061] In a second specific/experimental metal distortion detection algorithm, all 5 degrees of freedom of the three
sensors coils (A, B and C) of the metal distortion sensor are utilized. Specifically, the algorithm takes into account Tx,
Ty, Tz, Dx, Dy, Dz where (Dx,Dy, Dz) denotes the unit vector to which a sensor coil (A, B, or C) is directed. The algorithm
defines indexes which measure changes in the mechanical properties of the metal distortion sensor between baseline
position and a later data point, and then uses a weighting on these indexes to return a value (MDS2) used to determine
acceptable levels of magnetic field distortion/interference, and/or change in the magnetic field.
[0062] In the second specific/experimental metal distortion detection algorithm, P&O_ref is data measured at a refer-
ence event and P&O_dp is data measured at a later data point event. Specifically, 

and 

[0063] The indexes k1, k2, k3, k4, k5, k6 are calculated using: 
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[0064] MDS2 is then calculated using system calibration weights specific to the system setup (e.g., relative position
of patient to metal distortion sensor, relative position of sensor to magnetic field source, etc.), w1, w2, w3, w4, w5, and w6: 

[0065] It should be noted that the features illustrated in the drawings are not necessarily drawn to scale, and features
of one embodiment may be employed with other embodiments as the skilled artisan would recognize, even if not explicitly
stated herein. Descriptions of well-known components and processing techniques may be omitted so as to not unnec-
essarily obscure the embodiments of the disclosure. The examples used herein are intended merely to facilitate an
understanding of ways in which the disclosure may be practiced and to further enable those of skill in the art to practice
the embodiments of the disclosure. Accordingly, the examples and embodiments herein should not be construed as
limiting the scope of the disclosure.
[0066] The terms "including," "comprising" and variations thereof, as used in this disclosure, mean "including, but not
limited to," unless expressly specified otherwise.
[0067] The terms "a," "an," and "the," as used in this disclosure, means "one or more," unless expressly specified
otherwise.
[0068] Although process steps, method steps, algorithms, or the like, may be described in a sequential order, such
processes, methods and algorithms may be configured to work in alternate orders. In other words, any sequence or
order of steps that may be described does not necessarily indicate a requirement that the steps be performed in that
order. The steps of the processes, methods or algorithms described herein may be performed in any order practical.
Further, some steps may be performed simultaneously.
[0069] When a single device or article is described herein, it will be readily apparent that more than one device or
article may be used in place of a single device or article. Similarly, where more than one device or article is described
herein, it will be readily apparent that a single device or article may be used in place of the more than one device or
article. The functionality or the features of a device may be alternatively embodied by one or more other devices which
are not explicitly described as having such functionality or features.
[0070] Various embodiments are described herein of various apparatuses, systems, and/or methods. Numerous spe-
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cific details are set forth to provide a thorough understanding of the overall structure, function, manufacture, and use of
the embodiments as described in the specification and illustrated in the accompanying drawings. It will be understood
by those skilled in the art, however, that the embodiments may be practiced without such specific details. In other
instances, well-known operations, components, and elements have not been described in detail so as not to obscure
the embodiments described in the specification. Those of ordinary skill in the art will understand that the embodiments
described and illustrated herein are non-limiting examples, and thus it can be appreciated that the specific structural
and functional details disclosed herein may be representative and do not necessarily limit the scope of the embodiments,
the scope of which is defined solely by the appended claims.
[0071] Reference throughout the specification to "various embodiments," "some embodiments," "one embodiment,"
or "an embodiment," or the like, means that a particular feature, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment. Thus, appearances of the phrases "in various embodiments,"
"in some embodiments," "in one embodiment," or "in an embodiment," or the like, in places throughout the specification
are not necessarily all referring to the same embodiment. Furthermore, the particular features, structures, or character-
istics may be combined in any suitable manner in one or more embodiments. Thus, the particular features, structures,
or characteristics illustrated or described in connection with one embodiment may be combined, in whole or in part, with
the features, structures, or characteristics of one or more other embodiments without limitation given that such combi-
nation is not illogical or non-functional.
[0072] It will be appreciated that the terms "proximal" and "distal" may be used throughout the specification with
reference to a clinician manipulating one end of an instrument used to treat a patient. The term "proximal" refers to the
portion of the instrument closest to the clinician and the term "distal" refers to the portion located furthest from the
clinician. It will be further appreciated that for conciseness and clarity, spatial terms such as "vertical," "horizontal," "up,"
and "down" may be used herein with respect to the illustrated embodiments. However, surgical instruments may be
used in many orientations and positions, and these terms are not intended to be limiting and absolute.

Claims

1. A system (8) to detect magnetic distortion in a magnetic field for localization of a catheter (100)within a patient, the
system comprising:

one or more metal distortion fixtures (300), each of the fixtures including more than one sensor coil (315, 320,
325) positioned at fixed distances and orientations relative to one another, each of the sensor coils (315, 320,
325) configured and arranged to sense the magnetic field aligned with the orientation of the sensor coil and
output an electrical signal indicative of the sensed magnetic field;
processor circuitry communicatively coupled to the metal distortion fixture, and configured and arranged to

receive the electrical signals from each of the sensor coils (315, 320, 325),
calculate a time-dependent magnetic field magnitude value for each of the received signals, and
detect magnetic distortion, wherein the more than one sensor coil (315, 320, 325) includes three orthogonally
orientated sensor coils (315, 320, 325), and the magnitude value is indicative of a perceived vector distance
between the three sensor coils (315, 320, 325).

2. The system of claim 1, wherein the processor circuitry is further configured and arranged to
calculate a magnetic shift in the magnetic field between a first magnitude value at a first time and a second magnitude
value at a second time, later than the first time, by comparing the two magnitude values and determining a change
in magnitude value over time,
determine whether the magnetic shift between the first and second magnitude values is greater than a threshold
shift amount indicative of a distortion that will impede the efficacy of the catheter localization within the patient.

3. The system of claim 2, wherein in response to the magnetic shift exceeding the threshold shift amount, the processor
circuitry is configured and arranged to disregard catheter position coordinates calculated during the above threshold
shift condition, or
wherein in response to the magnetic shift exceeding the threshold shift amount, the processor circuitry outputs a
sensory indication to the clinician of the magnetic distortion, or
wherein a position of the metal distortion fixture is fixed within the magnetic field, and the magnetic shift is greater
than a threshold shift amount, the magnetic shift is indicative of a ferrous object within the magnetic field.

4. The system of claim 1, further including another metal distortion fixture configured and arranged to be positioned
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anterior to the patient’s chest cavity, and wherein the metal distortion fixture is configured and arranged to be
positioned posterior to the patient’s chest cavity.

5. The system of claim 1, wherein the metal distortion fixture is further configured and arranged to vary an output to
the processor circuitry in response to a shift in the magnetic field indicative of a ferrous object within the magnetic field.

6. The system of claim 1, wherein the magnitude value is independent of the metal distortion fixture orientation, and
indicative of an error in the calculated position of the catheter within the patient.

7. The system of claim 1, wherein the more than one sensor coil includes three sensor coils, and the magnitude values
of the sensor coils are determined by the equation: 

where MDS1 is the magnitude value, AB is the vector distance between the first and second sensor coils, BC is the
vector distance between the second and third sensor coils, and CA is the vector distance between the first and third
sensor coils.

8. The system of claim 2, wherein the magnetic shift over time is determined by the equation: 

where x1, y1, z1 is position and orientation data of the sensor coils from a first time frame, and x2, y2, z2 is position
and orientation data of the sensor coils from a second time frame, and the magnetic shift is directly correlated to
the perceived change in location of a magnetic catheter within the patient due to the magnetic shift.

9. The system of claim 1, wherein the magnitude values of the sensor coils are calculated using data received from
the first, second, and third coils indicative of five degrees of freedom of the magnetic distortion sensor.

10. The system of claim 1, wherein the more than one sensor coil includes three sensor coils, and the magnitude values
of the sensor coils are determined by the equation: 

and 

The indexes k1, k2, k3, k4, k5, k6 are calculated using: 
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where P&O_ref is the data measured at the first time, P&O_dp is the data measure at the second time, MDS2 is
the magnitude value, AB is the vector distance between the first and second sensor coils, BC is the vector distance
between the second and third sensor coils, CA is the vector distance between the first and third sensor coils, Tx,
Ty, Tz, Dx, Dy, Dz are the five degrees of freedom of the metal distortion fixture, (Dx, Dy, Dz) denotes the unit vector
to which one of the three sensor coils (A, B or C) is directed, and w1, w2, w3, w4, w5, and w6 are system calibration
weights specific to the system.

11. The system of claim 10, wherein the indexes of the MDS2 equation measure a change in the mechanical properties
of the metal distortion fixture between the first and second time.

12. A method for detecting magnetic distortion in a magnetic field for localization of a catheter within a patient, the
method including steps to be carried out by a processor circuitry configured and arranged to:

receive a first set of one or more signals from a metal distortion fixture indicative of the magnetic field sensed
by each of sensor coils within the metal distortion fixture at a first time the sensor coils being orthogonally
oriented relative to each other,
determine a first magnitude value of the combined signals indicative of a magnetic field at the first time,
receive a second set of one or more signals from the metal distortion fixture indicative of the magnetic field
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sensed by each of the sensor coils at a second time,
determine a second magnitude value of the combined signals indicative of another magnetic field at the second
time,
determine a magnetic shift in the magnetic field between the first and second magnitude values, and
compare the magnetic shift to a threshold shift amount indicative of a magnetic distortion in the magnetic field
that causes a substantial variation in the perceived location of the catheter within the patient and an actual
location.

13. The method of claim 12, further including, in response to the determination that the magnetic shift is greater than
the threshold shift amount indicative of a magnetic distortion in the magnetic field, disregarding catheter position
coordinates calculated during the above threshold shift condition, or
further including, in response to the determination that the magnetic shift is greater than the threshold shift amount
indicative of a magnetic distortion in the magnetic field, outputting a sensory indication to the clinician of the magnetic
distortion.

14. The system of claim 1, further including a memory circuit configured and arranged to receive data indicative of the
time-dependent magnetic field magnitude values from the processor circuitry and store the data in a lookup table
for subsequent access, or
further including a magnetic field generator configured and arranged to generate a magnetic field for localization of
a catheter within a patient, and wherein at least one of the metal distortion fixtures is fixedly positioned relative to
the magnetic field generator.

15. The system of claim 1, wherein the processor circuitry is further configured to correct the localization of the catheter
within the patient in response to a detected magnetic distortion.

16. The system of claim 15, wherein the correction of the localization utilizes a base model-function that for each input
of a perceived position and orientation of the catheter generates a corrected position and orientation of the catheter,
in at least partial reliance on the fixed position between the at least one of the metal distortion fixtures and the
magnetic field generator, and the fixed distances and orientations of the sensor coils relative to one another, or
wherein the correction of the localization utilizes a base model-function that for each input of a perceived position
and orientation of the catheter generates a corrected position and orientation if the catheter, and the model-function
satisfies time-dependent relative fixed distances and orientations of the sensors coil to other time-dependent meas-
urements.

17. The system of claim 1, wherein the processor circuitry is further configured to correct the localization of the catheter
within the patient.

18. The system of claim 17, wherein the localization correction utilizes a base model-function that for each input of a
perceived position and orientation of the catheter generates a corrected position and orientation of the catheter, in
at least partial reliance on the fixed position between the at least one of the metal distortion fixtures and the magnetic
field generator, and the fixed distances and orientations of the sensor coils relative to one another, or
wherein the correction of the localization utilizes a base model-function that for each input of a perceived position
and orientation of the catheter generates a corrected position and orientation if the catheter, and the model-function
satisfies time-dependent relative fixed distances and orientations of the sensor coils to other time-dependent meas-
urements.

Patentansprüche

1. System (8) zum Detektieren einer Magnetverzerrung in einem Magnetfeld zur Lokalisierung eines Katheters (100)
innerhalb eines Patienten, wobei das System aufweist:

eine oder mehrere Metallverzerrungsvorrichtungen (300), wobei jede Vorrichtung mehr als eine Sensorspule
(315, 320, 325) aufweist, die in festen Abständen und Orientierungen relativ zueinander positioniert sind, wobei
jede der Sensorspulen (315, 320, 325) konfiguriert und angeordnet ist zum Erfassen des Magnetfelds, das zu
der Orientierung der Sensorspule ausgerichtet ist, und zum Ausgeben eines elektrischen Signals, das für das
erfasste Magnetfeld kennzeichnend sit;
eine Prozessorschaltung, die mit der Metallverzerrungsvorrichtung kommunikativ gekoppelt, konfiguriert und
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angeordnet ist zum

Empfangen der elektrischen Signale von jeder der Sensorspulen (315, 320, 325),
Berechnen eines zeitunabhängigen Magnetfeldgrößenwerts für jedes der empfangenen Signale, und
Detektieren einer Magnetverzerrung, wobei die mehr als eine Sensorspule (315, 320, 325) drei orthogonal
orientierte Sensorspulen (315, 320, 325) aufweist, und der Größenwert kennzeichnend ist für eine wahr-
genommene Vektordistanz zwischen den drei Sensorspulen (315, 320, 325) kennzeichnet.

2. System nach Anspruch 1, bei dem die Prozessorschaltung ferner konfiguriert und angeordnet ist zum
Berechnen einer magnetischen Verschiebung in dem Magnetfeld zwischen einem ersten Größenwert zu einem
ersten Zeitpunkt und einem zweiten Größenwert zu einem zweiten Zeitpunkt, der später als der erste Zeitpunkt ist,
indem die zwei Größenwerte verglichen werden und eine Änderung des Größenwerts über der Zeit bestimmt wird,
Bestimmen, ob die magnetische Verschiebung zwischen dem ersten und zweiten Größenwert größer ist als eine
Schwellenwertverschiebungsgröße, die kennzeichnend ist für eine Verzerrung, die die Wirksamkeit der Katheter-
lokalisierung innerhalb des Patienten beeinträchtigt.

3. System nach Anspruch 2, bei dem in Antwort darauf, dass die magnetische Verschiebung die Schwellenwertver-
schiebungsgröße überschreitet, die Prozessorschaltung konfiguriert und angeordnet ist zum Ignorieren der Kathe-
terpositionskoordinaten, die während der oben genannten Schwellenwertverschiebungsbedingung berechnet wer-
den, oder
wobei in Antwort darauf, dass die magnetische Verschiebung die Schwellenwertverschiebungsgröße überschreitet,
die Prozessorschaltung eine sensorische Anzeige über die Magnetverzerrung an den Arzt ausgibt, oder
wobei eine Position der Metallverzerrungsvorrichtung innerhalb des Magnetfelds fixiert ist, und die magnetische
Verschiebung größer als eine Schwellenwertverschiebungsgröße ist, die magnetische Verschiebung kennzeichnend
ist für eine eisenhaltiges Subjekte innerhalb des Magnetfelds.

4. System nach Anspruch 1, ferner mit einer anderen Metallverzerrungsvorrichtung, die konfiguriert und angeordnet
ist, um vor dem Brustraum eines Patienten positioniert zu werden, und die Metallverzerrungsvorrichtung konfiguriert
und angeordnet ist, um hinter dem Brustkorbhohlraum des Patienten positioniert zu werden.

5. System nach Anspruch 1, bei dem die Metallverzerrungsvorrichtung ferner konfiguriert und angeordnet ist, um eine
Ausgabe an die Prozessorschaltung in Antwort auf eine Verschiebung des Magnetfelds, die kennzeichnend ist für
ein eisenhaltiges Subjekt innerhalb des Magnetfelds, zu variieren.

6. System nach Anspruch 1, bei dem der Größenwert unabhängig ist von der Metallverzerrungsvorrichtungsausrich-
tung, und kennzeichnend für einen Fehler in der berechneten Position des Katheters innerhalb des Patienten.

7. System nach Anspruch 1, bei dem die mehr als eine Sensorspule drei Sensorspulen aufweist, und die Größenwerte
der Sensorspulen bestimmt werden durch die Gleichung 

wobei MDS1 der Größenwert ist, AB die Vektordistanz zwischen der ersten und zweiten Sensorspule ist, BC die
Vektordistanz zwischen der zweiten und dritten Sensorspule ist, und CA die Vektordistanz zwischen der ersten und
dritten Sensorspule ist.

8. System nach Anspruch 2, bei dem die magnetische Verschiebung über der Zeit bestimmt wird durch die Gleichung 
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wobei x1, y1, z1 Positions- und Orientierungsdaten der Sensorspulen von einem ersten Zeitrahmen sind, und x2,
y2, z2 Positions- und Orientierungsdaten der Sensorspulen von einem zweiten Zeitrahmen, und die magnetische
Verschiebung direkt korreliert mit der wahrgenommenen Ortsänderung eines magnetischen Katheters innerhalb
des Patienten aufgrund der magnetischen Verschiebung.

9. System nach Anspruch 1, bei dem die Größenwerte der Sensorspulen berechnet werden unter Verwendung von
Daten, die empfangen werden von der ersten, zweiten und dritten Spule, die kennzeichnend sind für fünf Freiheits-
grade des Magnetverzerrungssensors.

10. System nach Anspruch 1, bei dem die mehr als eine Sensorspule drei Sensorspulen aufweist und die Größenwerte
der Sensorspulen bestimmt werden durch die Gleichung: 

und 

wobei die Indices k1, k2, k3, k4, k5, k6 berechnet werden, indem folgende Gleichungen verwendet werden: 
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wobei P&O_ref Daten sind, die zum ersten Zeitpunkt gemessen werden, P&U_dp Daten sind, die zu einem zweiten
Zeitpunkt gemessen werden, MDS2 der Größenwert ist, AB die Vektordistanz zwischen der ersten und zweiten
Sensorspule ist, BC die Vektordistanz zwischen der zweiten und dritten Sensorspule ist, CA die Vektordistanz
zwischen der ersten und dritten Sensorspule ist, Tx, Ty, Tz, Dx, Dy, Dz die fünf Freiheitsgrade der Metallverzer-
rungsvorrichtung sind, (Dx, Dy, Dz) den Einheitsvektor angibt, zu dem eine von den drei Sensorspulen (A, B, oder
C) gerichtet ist, und w1, w2, w3, w4, w5 und w6 Systemkalibrierungsgewichtungen sind, die für das System spezifisch
sind.

11. System nach Anspruch 10, bei dem die Indices der MDS2-Gleichung einer Änderung in mechanischen Eigenschaften
der Metallverzerrungsvorrichtung zwischen dem ersten Zeitpunkt und dem zweiten Zeitpunkt angeben.

12. Verfahren zum Detektieren einer magnetischen Verzerrung in einem Magnetfeld zur Lokalisierung eines Katheters
in einem Patienten, wobei das Verfahren Schritte aufweist, die von einer Prozessorschaltung durchgeführt werden,
die konfiguriert und angeordnet ist zum:

Empfangen eines ersten Satzes von einem oder mehreren Signalen von einer Metallverzerrungsvorrichtung,
der kennzeichnend ist für das Magnetfeld, das durch jede der Sensorspulen innerhalb der Metallverzerrungs-
vorrichtung zu einem ersten Zeitpunkt erfasst wird, wenn die Sensorspulen orthogonal relativ zueinander ori-
entiert sind,
Bestimmen eines ersten Größenwerts der kombinierten Signale, der kennzeichnend ist für ein Magnetfeld zu
dem ersten Zeitpunkt,
Empfangen eines zweiten Satzes von einem oder von mehreren Signalen von der Metallverzerrungsvorrichtung,
die kennzeichnend sind für das Magnetfeld, das durch jede der Sensorspulen zu einem zweiten Zeitpunkt
erfasst wird,
Bestimmen eines zweiten Größenwerts der kombinierten Signale, der kennzeichnend ist für ein anderes Mag-
netfeld zu dem zweiten Zeitpunkt,
Bestimmen einer magnetischen Verschiebung in dem Magnetfeld zwischen dem ersten und zweiten Größen-
wert, und
Vergleichen der magnetischen Verschiebung mit einer Schwellenwertverschiebungsgröße, die kennzeichnend
ist für eine magnetische Verzerrung in dem Magnetfeld, die eine wesentliche Änderung in dem wahrgenom-
menen Ort des Katheters innerhalb des Patienten und einem tatsächlichen Ort verursacht.

13. Verfahren nach Anspruch 12, ferner mit, in Antwort auf die Bestimmung, dass die magnetische Verschiebung größer
als die Schwellenwertverschiebungsgröße ist, die angibt, dass eine magnetische Verzerrung in dem Magnetfeld
vorliegt, ignorieren der Katheterpositionskoordinaten, die während der oben genannten Schwellenwerteverschie-
bungsbedingung berechnet werden, oder
ferner, in Antwort auf die Bestimmung, dass das Magnetfeld größer als die Schwellenwertverschiebungsgröße ist,
die angibt, dass eine magnetische Verzerrung in dem Magnetfeld vorliegt, ausgeben einer sensorischen Anzeige
über die magnetische Verzerrung an den Arzt.

14. System nach Anspruch 1, ferner mit einer Speicherschaltung, die konfiguriert und angeordnet ist zum Empfangen
von Daten, die kennzeichnend sind für zeitunabhängige Magnetfeldgrößenwerte von der Prozessorschaltung und
Speichern der Daten in einer Nachschlagetabelle für einen nachfolgenden Zugriff, oder
ferner, mit einem Magnetfeldgenerator, der konfiguriert und angeordnet ist zum Erzeugen eines Magnetfelds zur
Lokalisierung eines Katheters innerhalb eines Patienten, und wobei mindestens eine der Metallverzerrungsvorrich-
tungen relativ zu dem Magnetfeldgenerator fest positioniert ist.
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15. System nach Anspruch 1, bei dem die Prozessorschaltung ferner konfiguriert ist zum Korrigieren des Orts des
Katheters innerhalb des Patienten in Antwort auf eine detektierte Magnetverzerrung.

16. System nach Anspruch 15, bei dem die Korrektur der Lokalisierung eine Basismodellfunktion verwendet, die für
jede Eingabe einer wahrgenommenen Position und Orientierung des Katheters eine korrigierte Position und Orien-
tierung des Katheters erzeugt, zumindest teilweise in Abhängigkeit von der festen Position zwischen der mindestens
einen von den Metallverzerrungsvorrichtungen und dem Magnetfeldgenerator, und den festen Abständen und Ori-
entierungen der Sensorspulen relativ zueinander, oder
wobei die Korrektur der Lokalisierung eine Basismodellfunktion verwendet, die für jede Eingabe einer wahrgenom-
menen Position und Orientierung des Katheters eine korrigierte Position und Orientierung des Katheters erzeugt,
und die Modellfunktion zeitunabhängige relativ fixierte Abstände und Orientierungen der Sensorspule zu anderen
zeitunabhängigen Messungen erfüllt.

17. System nach Anspruch 1, bei dem die Prozessorschaltung ferner konfiguriert ist zum Korrigieren der Lokalisierung
des Katheters innerhalb des Patienten.

18. System nach Anspruch 17, bei dem die Lokalisierung eine Basismodellfunktion verwendet, die für jede Eingabe
einer wahrgenommenen Position und Orientierung des Katheters eine korrigierte Position und Orientierung des
Katheters erzeugt, mindestens teilweise in Abhängigkeit von der fixierten Position zwischen der mindestens einen
von den Metallverzerrungsvorrichtungen und dem Magnetfeldgenerator, und den festen Distanzen und Orientie-
rungen der Sensorspulen relativ zueinander, oder
wobei die Korrektur der Lokalisierung eine Basismodellfunktion verwendet, die für jede Eingabe einer wahrgenom-
menen Position und Orientierung des Katheters eine korrigierte Position und Orientierung des Katheters erzeugt,
und die Modellfunktion zeitunabhängige relativ fixierte Distanzen und Orientierungen der Sensorspulen zu anderen
zeitunabhängigen Messungen erfüllt.

Revendications

1. Système (8) pour détecter une distorsion magnétique dans un champ magnétique pour la localisation d’un cathéter
(100) dans un patient, le système comprenant :

un ou plusieurs dispositifs de distorsion métallique (300),
chacun des dispositifs comprenant plus d’une bobine de capteur (315, 320, 325) positionnées à des distances
et orientations fixes l’une par rapport à l’autre, chacune des bobines de capteur (315, 320, 325) étant configurée
et agencée pour détecter le champ magnétique aligné avec l’orientation de la bobine de capteur et émettre un
signal électrique indiquant le champ magnétique détecté ;
des circuits de processeur couplés de manière communicative au dispositif de distorsion métallique, et configurés
et agencés pour
recevoir les signaux électriques de chacune des bobines de capteur (315, 320, 325),
calculer une valeur d’amplitude de champ magnétique dépendant du temps pour chacun des signaux reçus, et
détecter une distorsion magnétique, où ladite plus d’une bobine de capteur (315, 320, 325) comprend trois
bobines de capteur orientées orthogonalement (315, 320, 325), et la valeur d’amplitude est indicative d’une
distance vectorielle perçue entre les trois bobines de capteur (315, 320, 325).

2. Système selon la revendication 1, dans lequel les circuits de processeur sont en outre configurés et agencés pour
calculer un décalage magnétique dans le champ magnétique entre une première valeur d’amplitude à un premier
moment et une deuxième valeur d’amplitude à un deuxième moment, plus tard que le premier moment, en comparant
les deux valeurs d’amplitude et en déterminant un changement de valeur d’amplitude dans le temps,
déterminer si le décalage magnétique entre les première et deuxième valeurs d’amplitude est supérieur à une
quantité de décalage de seuil indiquant une distorsion qui empêchera l’efficacité de la localisation de cathéter dans
le patient.

3. Système selon la revendication 2, dans lequel, en réponse au décalage magnétique dépassant la quantité de
décalage de seuil, les circuits de processeur sont configurés et agencés de manière à ignorer les coordonnées de
position de cathéter calculées pendant la condition de décalage de seuil ci-dessus, ou
dans lequel, en réponse au décalage magnétique dépassant la quantité de décalage de seuil, les circuits de pro-
cesseurs émettent une indication sensorielle au clinicien de la distorsion magnétique, ou
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dans lequel une position du dispositif de distorsion métallique est fixée dans le champ magnétique, et le décalage
magnétique est supérieur à une quantité de décalage de seuil, le décalage magnétique est indicatif d’un objet ferreux
dans le champ magnétique.

4. Système selon la revendication 1, comprenant en outre un autre dispositif de distorsion métallique configuré et
agencé pour être positionné en avant de la cavité thoracique du patient, et dans lequel le dispositif de distorsion
métallique est configuré et agencé pour être positionné en arrière de la cavité thoracique du patient.

5. Système selon la revendication 1, dans lequel le dispositif de distorsion métallique est en outre configuré et agencé
pour faire varier une sortie vers les circuits de processeur en réponse à un décalage du champ magnétique indicatif
d’un objet ferreux dans le champ magnétique.

6. Système selon la revendication 1, dans lequel la valeur d’amplitude est indépendante de l’orientation de dispositif
de distorsion métallique et indicative d’une erreur dans la position calculée du cathéter dans le patient.

7. Système selon la revendication 1, dans lequel lesdites plus d’une bobine de capteur comprennent trois bobines de
capteur, et les valeurs d’amplitude des bobines de capteur sont déterminées par l’équation :

où MDS1 est la valeur d’amplitude, AB est la distance vectorielle entre les première et deuxième bobines de capteur,
BC est la distance vectorielle entre les deuxième et troisième bobines de capteur et CA est la distance vectorielle
entre les première et troisième bobines de capteur.

8. Système selon la revendication 2, dans lequel le décalage magnétique dans le temps est déterminé par l’équation : 

où x1, y1, z1 sont des données de position et d’orientation des bobines de capteur d’une première période de temps,
et x2, y2, z2 sont des données de position et d’orientation des bobines de capteur d’une deuxième période de
temps, et le décalage magnétique est directement corrélé au changement perçu dans la position d’un cathéter
magnétique dans le patient en raison du décalage magnétique.

9. Système selon la revendication 1, dans lequel les valeurs d’amplitude des bobines de capteur sont calculées en
utilisant des données reçues des première, deuxième et troisième bobine indiquant cinq degrés de liberté du capteur
de distorsion magnétique.

10. Système selon la revendication 1, dans lequel lesdites plus d’une bobine de capteur comprennent trois bobines de
capteur, et les valeurs d’amplitude des bobines de capteur sont déterminées par l’équation : 

et 
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 Les indices k1, k2, k3, k4, k5, k6 sont calculés en utilisant : 

où P&O_ref est les données mesurées au premier moment, P&O_dp est la mesure des données au deuxième
moment, MDS2 est la valeur d’amplitude, AB est la distance vectorielle entre les première et deuxième bobines de
capteur, BC est la distance vectorielle entre les deuxième et troisième bobines de capteur, CA est la distance
vectorielle entre les première et troisième bobines de capteur, Tx, Ty, Tz, Dx, Dy, Dz sont les cinq degrés de liberté
du dispositif de distorsion métallique, (Dx, Dy, Dz) désigne le vecteur unitaire auquel l’une des trois bobines de
capteur (A, B ou C) est dirigée, et w1, w2, w3, w4, w5 et w6 sont des poids d’étalonnage système propres au système.

11. Système selon la revendication 10, dans lequel les indices de l’équation MDS2 mesurent un changement dans les
propriétés mécaniques du dispositif de distorsion métallique entre le premier et le deuxième moment.

12. Procédé de détection d’une distorsion magnétique dans un champ magnétique pour la localisation d’un cathéter
dans un patient, le procédé comprenant des étapes à exécuter par des circuits de processeur configurés et agencés
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pour :

recevoir un premier ensemble d’un ou plusieurs signaux provenant d’un dispositif de distorsion métallique
indicatif d’un champ magnétique détecté par chacune des bobines de capteur à l’intérieur du dispositif de
distorsion métallique à un premier moment, les bobines de capteur étant orientées orthogonalement les unes
par rapport aux autres,
déterminer une première valeur d’amplitude des signaux combinés indicatifs d’un champ magnétique au premier
moment,
recevoir un deuxième ensemble d’un ou de plusieurs signaux provenant du dispositif de distorsion métallique
indicatif du champ magnétique détecté par chacune des bobines de capteur à un deuxième moment,
déterminer une deuxième valeur d’amplitude des signaux combinés indicatifs d’un autre champ magnétique
au deuxième moment,
déterminer un décalage magnétique dans le champ magnétique entre les première et deuxième valeurs d’am-
plitude, et
comparer le décalage magnétique à une quantité de décalage de seuil indicative d’une distorsion magnétique
dans le champ magnétique qui provoque une variation substantielle de l’emplacement perçu du cathéter dans
le patient et un emplacement réel.

13. Procédé selon la revendication 12,
comprenant en outre, en réponse à la détermination que le décalage magnétique est supérieur à la quantité de
décalage de seuil indicative d’une distorsion magnétique dans le champ magnétique, sans tenir compte des coor-
données de position de cathéter calculées pendant la condition de décalage de seuil ci-dessus, ou
comprenant en outre, en réponse à la détermination que le décalage magnétique est supérieur à la quantité de
décalage de seuil indicative d’une distorsion magnétique dans le champ magnétique, l’émission d’une indication
sensorielle au clinicien de la distorsion magnétique.

14. Système selon la revendication 1, comprenant en outre un circuit de mémoire configuré et agencé pour recevoir
des données indicatives des valeurs d’amplitude de champ magnétique dépendant du temps provenant des circuits
de processeur et stocker les données dans une table de consultation pour un accès ultérieur, ou
comprenant en outre un générateur de champ magnétique configuré et agencé pour générer un champ magnétique
pour la localisation d’un cathéter chez un patient, et où au moins un des dispositifs de distorsion métallique est
placé de façon fixe relativement au générateur de champ magnétique.

15. Système selon la revendication 1, dans lequel les circuits de processeur sont en outre configurés pour corriger la
localisation du cathéter dans le patient en réponse à une distorsion magnétique détectée.

16. Système selon la revendication 15, dans lequel la correction de la localisation utilise une fonction de modèle de
base qui, pour chaque entrée d’une position et d’une orientation perçues du cathéter, génère une position et une
orientation corrigées du cathéter, en s’appuyant au moins partiellement sur la position fixe entre ledit au moins un
des dispositifs de distorsion métallique et le générateur de champ magnétique, et les distances et orientations fixes
des bobines de capteur des unes par rapport aux autres, ou
dans lequel la correction de la localisation utilise une fonction de modèle de base qui, pour chaque entrée d’une
position et d’une orientation perçues du cathéter, génère une position et une orientation corrigées si le cathéter, et
la fonction de modèle satisfait aux distances et orientations fixes relatives dépendantes du temps de la bobine de
capteurs par rapport à d’autres mesures dépendantes du temps.

17. Système selon la revendication 1, dans lequel les circuits de processeur sont en outre configurés pour corriger la
localisation du cathéter dans le patient.

18. Système selon la revendication 17, dans lequel la correction de localisation utilise une fonction de modèle de base
qui, pour chaque entrée d’une position et d’une orientation perçues du cathéter, génère une position et une orientation
corrigées du cathéter, en s’appuyant au moins partiellement sur la position fixe entre ledit au moins un des dispositifs
de distorsion métallique et le générateur de champ magnétique, et les distances et orientations fixes des bobines
de capteur des unes par rapport aux autres, ou
dans lequel la correction de la localisation utilise une fonction de modèle de base qui, pour chaque entrée d’une
position et d’une orientation perçues du cathéter, génère une position et une orientation corrigées si le cathéter, et
la fonction de modèle satisfait aux distances et orientations fixes relatives dépendantes du temps des bobines de
capteur à d’autres mesures dépendantes du temps.
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