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Description
BACKGROUND OF THE INVENTION
a. Field of the Invention

[0001] The instant invention relates generally to the
navigation of a medical device through a patient. More
specifically, the instant invention relates to a method and
system for detecting the movement of a reference point
utilized in a non-ionizing localization system, such as is
often employed in navigating a medical device through
a patient, and mitigating the effects of such reference
point movement.

b. Background Art

[0002] Itis well known to generate heart chamber ge-
ometry in preparation for cardiac diagnostic or therapeu-
tic procedures. Often, a mapping catheter tip is placed
within the heart chamber and/or against the wall of the
heart chamber and the three-dimensional coordinates of
the mapping catheter tip are measured using a localiza-
tion system. The three-dimensional coordinates become
a geometry point. Multiple measurements are taken as
the mapping catheter is moved within the heart chamber,
resulting in a cloud of geometry points (also referred to
as "location data points") that defines the geometry of
the heart chamber. Various surface construction algo-
rithms may then be applied to wrap a surface around the
cloud of geometry points to obtain a three-dimensional
representation of the heart chamber geometry.

[0003] Itis desirable for the three-dimensional coordi-
nate system relative to which the geometry points are
measured to have a stable reference point or origin. This
stable reference point or origin is referred to herein as a
"navigational reference" for the localization system.
While any stable position will suffice, it is desirable for
many reasons to utilize a navigational reference that is
proximate to the mapping catheter. Thus, a catheter-
mounted reference localization element is often inserted
into the heart and positioned in a fixed location, such as
the coronary sinus, to establish the origin of the coordi-
nate system relative to which the location of the mapping
catheter will be measured.

[0004] It is known, however, that the navigational ref-
erence may become dislodged. For example, the map-
ping catheter may collide or become entangled with the
catheter carrying the navigational reference (referred to
herein as the "reference catheter"), or the practitioner
moving the mapping catheter may inadvertently jostle
the reference catheter. The navigational reference may
also be dislodged by patient movement. Other factors,
such as patient hydration and respiration, may make it
appear as if the navigational reference has become dis-
lodged when, in fact, it has not become dislodged.
[0005] When the navigational reference becomes dis-
lodged, it effectively shifts the origin of the coordinate
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system used by the localization system. Unless the dis-
lodgement is detected and accounted for, positions of
the mapping catheter measured after the dislodgement
will be invalid.

[0006] US 2008/0161681 A1 relates to navigational
reference dislodgement detection method using a dis-
lodgement velocity threshold for detecting dislodgement
of a navigational reference electrode.

[0007] WITTKAMPF FRED H M ET AL: "Localisa:
New technique for real-time 3-dimensional localization
of regular intracardiac electrodes" relates to a technique
for real-time 3-dimensional localization of regular intrac-
ardiac electrodes.

BRIEF SUMMARY OF THE INVENTION

[0008] Itis therefore desirable to be able to detect dis-
lodgement of the navigational reference that defines the
origin of the coordinate system relative to which body
geometries are measured.

[0009] Additionally, it is desirable to be able to distin-
guish mechanical dislodgement of a navigational refer-
ence from "false" dislodgements of the navigational ref-
erence.

[0010] It is also desirable to guide a user in reestab-
lishing the original position of the navigational reference.
[0011] It is further desirable to provide a method by
which the original position of the navigational reference
may be reestablished.

[0012] In addition, it is desirable to provide a method
that accounts for the dislodged location of the naviga-
tional reference without requiring reestablishment of the
original position of the navigational reference.

[0013] The invention is set out in the appended set of
claims. The embodiments and/or examples of the follow-
ing description which are not covered by the appended
claims are considered as not being part of the present
invention.

[0014] According to a first aspect of the invention, a
method of detecting dislodgement of a navigational ref-
erence within a localization field includes the following
steps: placing a reference catheter including at least one
reference localization element within a localization field;
securing the reference catheter at an initial reference lo-
cation within the localization field; computing a slow-mov-
ing average location of the at least one reference local-
ization element; computing a fast-moving average loca-
tion of the at least one reference localization element;
computing a distance between the slow- and fast-moving
average locations of the at least one reference localiza-
tion element; comparing the computed distance to a dis-
lodgement threshold; determining that a dislodgement of
the reference catheter from the initial reference location
has occurred; and generating a signal indicative of the
dislodgement of the reference catheter from the initial
reference location. A suitable dislodgement threshold is
about 4 mm.

[0015] As afurther check to determine whether the dis-
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lodgement is actual or merely perceived, the method may
include the following optional steps for the at least one
reference localization element if the computed distance
exceeds the dislodgement threshold: computing a vector
connecting the slow- and fast-moving average locations
of the respective reference localization element at a point
in time when the computed distance between the slow-
and fast-moving average locations of the respective ref-
erence localization element exceeded the dislodgement
threshold; determining an axis of the reference catheter
proximate the respective reference localization element
atthe pointin time when the computed distance between
the slow- and fast-moving average locations of the re-
spective reference localization element exceeded the
dislodgement threshold; and computing an angle be-
tween the computed vector and the axis of the reference
catheter proximate the respective reference localization
element, thereby computing at least one angle associat-
ed with the at least one reference localization element;
and analyzing the at least one angle for an indication that
the reference catheter has dislodged from the initial ref-
erence location. The step of analyzing the at least one
angle for an indication that the reference catheter has
dislodged from the initial reference location may include:
determining a count of angles exceeding a sharp angle
threshold; and comparing the count of angles to a count
threshold.

[0016] Likewise, the axis of the reference catheter
proximate each reference localization element may be
defined in any suitable fashion. For example, the axis of
the reference catheter proximate the respective refer-
ence localization element may be defined by a line seg-
ment connecting the respective reference localization el-
ement to a neighboring reference localization element.
[0017] Insome embodiments of the invention, the fast-
moving average location of the at least one reference
localization element is computed with a filter time con-
stant of about 12 seconds. Suitable filters for computing
the slow- and/or fast-moving average locations include:
exponential moving average filters, moving average fil-
ters, infinite impulse response filters, finite impulse re-
sponse filters, and any combinations thereof.

[0018] In the event that the reference catheter be-
comes dislodged, the method optionally includes provid-
ing guidance to a user to help re-position and secure the
reference catheter proximate the initial reference loca-
tion. As an alternative to re-positioning the reference
catheter proximate the initial reference location, the
method may include: defining a new stable location of
the reference catheter; calculating a reference adjust-
ment to compensate for any change in position of the
reference catheter between the initial reference location
and the new stable location; and using the reference ad-
justment to adjustlocalization element position measure-
ments made after the dislodgement from the initial refer-
ence location.

[0019] In another aspect of the invention, a method of
detecting dislodgement of a navigational reference within
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a non-ionizing localization field includes: securing a ref-
erence catheter including a plurality of reference locali-
zation elements at an initial reference location within the
localization field; detecting a perceived displacement of
the reference catheter from the initial reference location;
analyzing a direction of the perceived displacement to
determine whether there has been a dislodgement of the
reference catheter from the initial reference location; and
generating a signal indicating a dislodgement of the ref-
erence catheter from the initial reference location. The
method optionally includes the steps of: calculating a ref-
erence adjustment to compensate for any change in po-
sition of the reference catheter after the dislodgement
from the initial reference location; and using the reference
adjustment to adjust localization element position meas-
urements made after the dislodgement from the initial
reference location. Alternatively, the method may include
providing guidance to a user to help re-position and se-
cure the reference catheter proximate the initial reference
location.

[0020] In some embodiments of the invention, the de-
tecting step involves comparing a magnitude of a per-
ceived displacement of at least some of the plurality of
reference localization elements to a dislodgement
threshold. Likewise, the analyzing step may involve com-
paring a direction of a perceived displacement of at least
some of the plurality of reference localization elements
to an anticipated dislodgement direction.

[0021] Also disclosed herein is a localization system
that includes: a plurality of localization field generators;
a reference catheter including a plurality of reference lo-
calization elements; and a reference catheter dislodge-
ment processor that monitors for a dislodgement of the
reference catheter from an initial reference location
based, at least in part, on a difference between a slow-
moving average location and a fast-moving average lo-
cation of at least some of the plurality of reference local-
ization elements on the reference catheter. Itis also con-
templated that the dislodgement processor may monitor
fora dislodgement of the reference catheter fromits initial
reference location based, at leastin part, on a correlation
between a perceived direction of dislodgement (e.g., a
vector connecting the slow- and fast-moving average lo-
cations) and a predicted direction of dislodgement (e.g.,
a vector along the reference catheter axis).

[0022] In some embodiments of the invention, the ref-
erence catheter dislodgement processor: compares the
difference between the slow-moving average location
and the fast-moving average location of at least some of
the plurality of reference localization elements to a dis-
lodgement threshold, and, if the difference exceeds the
dislodgement threshold: computes, for at least some of
the plurality of reference localization elements, an angle
between a vector connecting the slow- and fast-moving
average locations of the reference localization element
and an axis of the reference catheter proximate the ref-
erence localization element, thereby computing a plural-
ity of angles; determines a count of angles exceeding a
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sharp angle threshold; and compares the count of angles
to a count threshold to determine whether the reference
catheter has dislodged from the initial reference location.
The reference adjustment processor may also: calculate
a reference adjustment to compensate for any change
in position of the reference catheter after the dislodge-
ment from the initial reference location; and use the ref-
erence adjustment to adjust localization element position
measurements made after the dislodgement from the in-
itial reference location.

[0023] An advantage of the present invention is that it
may be used to alert a user to dislodgement of the nav-
igational reference.

[0024] A further advantage of the present invention is
that it may guide the user in mitigating the dislodgement.
[0025] Another advantage of the present invention is
that it can automatically correct for the dislodgement, for
example by calculating a reference adjustment to com-
pensate for the changed position of the navigational ref-
erence.

[0026] Still another advantage of the present invention
is that it distinguishes between actual mechanical dis-
lodgements of the navigational reference and "false" dis-
lodgements thereof.

[0027] The foregoing and other aspects, features, de-
tails, utilities, and advantages of the present invention
will be apparent from reading the following description
and claims, and from reviewing the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

Figure 1 is a schematic depiction of a localization
system such as may be utilized in an electrophysi-
ology study.

Figure 2 is a representative catheter that may be
used in connection with the localization system de-
picted in Figure 1.

Figure 3 is a flowchart that illustrates navigational
reference dislodgement detection and mitigation
functions according to an embodiment of the present
invention.

Figures 4 through 7 illustrate an application of a
method of detecting and mitigating navigational ref-
erence dislodgement according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The presentinvention, which is preferably prac-
ticed in connection with a localization system, automat-
ically detects dislodgement of a navigational reference
for the localization system. In addition, the presentinven-
tion provides methods of automatically correcting for the
dislodgement or to guide a user, e.g., a physician, in re-
positioning the navigational reference at its original loca-
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tion.

[0030] For illustrative purposes, the present invention
will be described in the context of a cardiac diagnostic or
therapeutic procedure, such as an electrophysiology
study. One of ordinary skill in the art will appreciate, how-
ever, that the invention may be practiced with equal suc-
cess in any number of other applications, and, accord-
ingly, the illustrative embodiment used herein to describe
the invention should not be regarded as limiting.

[0031] Figure 1 shows a schematic diagram of a local-
ization system 8 for conducting cardiac electrophysiology
studies by navigating a cardiac catheter and measuring
electrical activity occurring in a heart 10 of a patient 11
and three-dimensionally mapping the electrical activity
and/orinformation related to or representative of the elec-
trical activity so measured. As discussed in greater detail
below, localization system 8 is preferably a non-ionizing
localization system, such as a localization system that
generates electrical and/or magnetic fields.

[0032] System 8 can be used, for example, to create
an anatomical model of the patient’s heart 10 using one
or more electrodes (or other suitable localization ele-
ments). As one of ordinary skill in the art will recognize,
and as will be further described below, localization sys-
tem 8 determines the location (and, in some aspects, the
orientation) of objects, typically within a three-dimension-
al space, and expresses those locations as position in-
formation determined relative to at least one reference.
System 8 can also be used to measure electrophysiology
data at a plurality of points along a cardiac surface, and
to store the measured data in association with location
information for each measurement point at which the
electrophysiology data was measured, for example to
create a diagnostic data map of the patient’s heart 10.
[0033] For simplicity of illustration, the patient 11 is de-
picted schematically as an oval. In the embodiment
shown in Figure 1, three sets of surface electrodes (e.g.,
patch electrodes) are shown applied to a surface of the
patient 11, defining three generally orthogonal axes, re-
ferred to herein as an x-axis, a y-axis, and a z-axis. In
other embodiments the electrodes could be positioned
in other arrangements, for example multiple electrodes
on a particular body surface. Likewise, the electrodes do
not need to be on the body surface, but could be fixed
on an external apparatus, or electrodes positioned inter-
nally to the body could be used.

[0034] InFigure 1, the x-axis surface electrodes 12, 14
are applied to the patient along a first axis, such as on
the lateral sides of the thorax region of the patient (e.g.,
applied to the patient’s skin underneath each arm) and
may be referred to as the Left and Right electrodes. The
y-axis electrodes 18, 19 are applied to the patient along
a second axis generally orthogonal to the x-axis, such
as along the inner thigh and neck regions of the patient,
and may be referred to as the Left Leg and Neck elec-
trodes. The z-axis electrodes 16, 22 are applied along a
third axis generally orthogonal to both the x-axis and the
y-axis, such as along the sternum and spine of the patient



7 EP 2 618 730 B1 8

in the thorax region, and may be referred to as the Chest
and Back electrodes. The heart 10 lies between these
pairs of surface electrodes 12/14, 18/19, and 16/22.
[0035] An additional surface reference electrode 21
(e.g., a"belly patch") provides a reference and/or ground
electrode for the system 8. The belly patch electrode 21
may be an alternative to a fixed intracardiac electrode
31, described in further detail below. It should also be
appreciated that, in addition, the patient 11 may have
most or all of the conventional electrocardiogram ("ECG"
or "EKG") system leads in place. This ECG information
is available to the system 8, although not illustrated in
Figure 1.

[0036] Arepresentative catheter 13 having atleastone
electrode 17 (e.g., a distal electrode) is also shown. This
representative catheter electrode 17 is referred to as the
"roving electrode," "moving electrode," "measurement
electrode," or "position measurement sensor" throughout
this specification. Electrode 17 is also a "localization el-
ement," as that term is defined below. Typically, multiple
electrodes on catheter 13, and/or on multiple such cath-
eters, will be used. In one embodiment, for example, lo-
calization system 8 may comprise sixty-four electrodes
on twelve catheters disposed within the heart and/or vas-
culature of the patient. Of course, this embodiment is
merely exemplary, and any number of electrodes and
catheters may be used within the scope of the present
invention.

[0037] For purposes of this disclosure, an exemplary
catheter 13 is shown in Figure 2. In Figure 2, catheter 13
extends into the left ventricle 50 of the patient’s heart 10.
Catheter 13 includes electrode 17 on its distal tip, as well
as a plurality of additional measurement electrodes 52,
54, 56 spaced along its length. Typically, the spacing
between adjacent electrodes will be known, though it
should be understood that the electrodes may not be
evenly spaced along catheter 13 or of equal size to each
other. Since each of these electrodes 17, 52, 54, 56 lies
within the patient, location data may be collected simul-
taneously for each of the electrodes by localization sys-
tem 8. Thus, each electrode (e.g., 17, 52, 54, 56) may
generate alocalization signal that describes the position,
and optionally also the orientation, of catheter 13 within
the localization field generated by patch electrodes
12/14, 18/19, and 16/22.

[0038] Returning now to Figure 1, an optional fixed ref-
erence electrode 31 (e.g., attached to a wall of the heart
10 or anchored within the coronary sinus) is shown car-
ried on a second catheter 29. For calibration purposes,
electrode 31 may be stationary (e.g., attached to or near
the wall of the heart) or disposed in a fixed spatial rela-
tionship with the roving electrodes (e.g., electrodes 17,
52, 54, 56), and thus constitutes a "navigational refer-
ence" as that term is defined above. Electrode 31 may
also be referred to as a "local reference." Likewise, cath-
eter 29, which carries electrode 31, constitutes a "refer-
ence catheter" as that term is defined above.

[0039] The fixed reference electrode 31 may be used
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in addition to or as an alternative to the surface reference
electrode 21 described above. In many instances, a cor-
onary sinus electrode or other fixed electrode in the heart
10 can be used as a reference for measuring voltages
and displacements; that is, as described herein, fixed
reference electrode 31 may define the origin of a coor-
dinate system for the localization field. It should also be
understood that reference catheter 29 typically carries
multiple electrodes, for example as shown in Figure 2,
and that a user of localization system 8 may designate
one such electrode (e.g., reference electrode 31) as the
navigational reference for a particular procedure.
[0040] Each surface electrode is coupled to the multi-
plex switch 24, and pairs of surface electrodes are se-
lected by software running on a computer 20, which cou-
ples the surface electrodes to a signal generator 25. The
computer 20, for example, may comprise a conventional
general-purpose computer, a special-purpose computer,
a distributed computer, or any other type of computer.
The computer 20 may comprise one or more processors,
such as a single central processing unit (CPU), or a plu-
rality of processing units, commonly referred to as a par-
allel processing environment, which may execute in-
structions to practice the various aspects of the present
invention described herein.

[0041] Generally, three nominally orthogonal electric
fields are generated by a series of driven and sensed
electric dipoles (e.g., surface electrode pairs 12/14,
18/19, and 16/22) in order to realize catheter navigation
in a biological conductor. Alternatively, these orthogonal
fields can be decomposed and any pairs of surface elec-
trodes can be driven as dipoles to provide effective elec-
trode triangulation. Likewise, the electrodes 12, 14, 18,
19, 16, and 22 (or any number of electrodes) could be
positioned in any other effective arrangement for driving
a current to or sensing a current from an electrode in the
heart. For example, multiple electrodes could be placed
on the back, sides, and/or belly of patient 11. Additionally,
such non-orthogonal methodologies add to the flexibility
of the system. For any desired axis, the potentials meas-
ured across the roving electrodes resulting from a pre-
determined set of drive (source-sink) configurations may
be combined algebraically to yield the same effective po-
tential as would be obtained by simply driving a uniform
current along the orthogonal axes.

[0042] Thus, any two of the surface electrodes 12, 14,
16, 18, 19, 22 may be selected as a dipole source and
drain with respect to a ground reference, such as belly
patch 21, while the unexcited electrodes measure volt-
age with respect to the ground reference. The measure-
ment electrodes (e.g., roving electrodes 17, 52, 54, 56)
placed in the heart 10 are exposed to the field from a
current pulse and are measured with respect to ground,
such as belly patch 21. In practice, the catheters within
the heart may contain more or fewer electrodes than the
four shown, and each electrode potential may be meas-
ured. As previously noted, at least one electrode (e.g.,
reference electrode 31) may be fixed to the interior sur-
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face of the heart to form a fixed navigational reference,
which is also measured with respect to ground, such as
belly patch 21, and which may be defined as the origin
of the coordinate system relative to which localization
system 8 measures positions. Data sets from each of the
surface electrodes, the internal electrodes, and the virtual
electrodes may all be used to determine the location of
the roving electrodes 17, 52, 54, 56 within heart 10.
[0043] The measured voltages may be used to deter-
mine the location in three-dimensional space of the elec-
trodes inside the heart, such as roving electrodes 17, 52,
54,56, relative to areference location, such as reference
electrode 31. Thatis, the voltages measured atreference
electrode 31 may be used to define the origin of a coor-
dinate system, while the voltages measured at roving
electrodes 17, 52, 54, 56 may be used to express the
location of roving electrodes 17, 52, 54, 56 relative to the
origin. For purposes of this disclosure, the invention will
be described in connection with a three-dimensional (x,
y, z) Cartesian coordinate system. It should be under-
stood, however, that other coordinate systems, such as
spherical and cylindrical coordinate systems in three di-
mensions and polar coordinate systems in two dimen-
sions, are within the scope of the invention.

[0044] As should be clear from the foregoing discus-
sion, the data used to determine the location of the elec-
trode(s) within the heart is measured while the surface
electrode pairs impress an electric field on the heart. The
electrode data may also be used to create a respiration
compensation value used to improve the raw location
data for the electrode locations as described in United
States patentno. 7,263,397. The electrode data may also
be used to compensate for changes in the impedance of
the body of the patient as described in co-pending United
States application no. 11/227,580, filed 15 September
2005.

[0045] In summary, the system 8 first selects a set of
surface electrodes and then drives them with current
pulses. While the current pulses are being delivered,
electrical activity, such as the voltages measured at at
least one of the remaining surface electrodes and in vivo
electrodes, is measured and stored. Compensation for
artifacts, such as respiration and/or impedance shifting,
may be performed as indicated above.

[0046] In apreferred embodiment, the localization sys-
tem is the EnSite NavX™ navigation and visualization
system of St. Jude Medical, Atrial Fibrillation Division,
Inc., which generates electrical fields as described
above. Other localization systems, however, may be
used in connection with the present invention, including
for example, the CARTO navigation and location system
of Biosense Webster, Inc., or the AURORA® system of
Northern Digital Inc., both of which utilize magnetic fields
rather than electrical fields. The localization and mapping
systems described in the following patents can also be
used with the present invention: United States patent
nos. 6,990,370; 6,978,168; 6,947,785; 6,939,309;
6,728,562; 6,640,119; 5,983,126; and 5,697,377.
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[0047] The field generated by localization system 8,
whether an electrical field (e.g., EnSite NavX™), a mag-
neticfield (e.g., CARTO, AURORA®), or another suitable
field, may be referred to generically as a "localization
field," while the elements generating the fields, such as
surface electrodes 12, 14, 16, 18, 19, and 22 may be
generically referred to as "localization field generators."
Likewise, though the present invention is described pri-
marily in the context of a localization system that gener-
ates an electrical field, such that catheters 13 and 29
carry electrodes, one of ordinary skill in the art will un-
derstand how to apply the principles disclosed herein in
other types of localization fields, and in particular other
types of non-ionizing localization fields (e.g., by replacing
electrodes 17, 52, 54, 56 with coils to detect different
components of a magnetic field). Thus, the term "locali-
zation element" is used herein to refer generically to an
element whose position within the localization field gen-
erated by system 8 can be measured.

[0048] As one of ordinary skill in the art will recognize,
and as described above, reference electrode 31 may be-
come dislodged from its initial reference location during
the course of an electrophysiology study, for example if
the physician inadvertently tugs on reference catheter
29, effectively moving the origin of the coordinate system
relative to which the positions of the roving electrodes
(e.g., 17,52, 54, and 56) are measured and invalidating
any such measurements made after the dislodgement.
It is desirable, therefore, for a controller (e.g., a proces-
sor, such as that incorporated into computer system 20)
to monitor for dislodgement of the navigational reference
from the initial reference location, and, if such dislodge-
ment occurs, to generate a signal indicative of the dis-
lodgement, for example to alert the user that a dislodge-
ment has occurred, thereby enabling the user to take
corrective action.

[0049] One challenge in detecting dislodgements of
the navigational reference is that the navigational refer-
ence is located within a patient and is constantly moving
due to, for example, the patient’s cardiac and respiratory
activity. Moreover, various electrical and pharmacologi-
cal interferences could make it appear that the naviga-
tional reference has dislodged when, in fact, it has not.
Thus, it is desirable to distinguish such "false" or "per-
ceived" dislodgements of reference catheter 29 due to
these external influences from actual mechanical dis-
lodgements of reference catheter 29.

[0050] The presentinvention leverages the phenome-
non that the most likely mechanical dislodgements of ref-
erence catheter 29, when it is placed into a blood vessel
(e.g., the coronary sinus), are along the catheter axis or
deviate only relatively slightly therefrom (that is, they are
in a predictable or anticipated dislodgement direction).
The presentinvention, therefore, correlates the displace-
ment of the reference localization elements (e.g., elec-
trodes) on reference catheter 29 with the anticipated dis-
lodgement direction (e.g., the direction of the axis of ref-
erence catheter 29), and reports dislodgement if this cor-
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relation is high (e.g., if the displacement is significant and
largely parallel to or nearly parallel to the catheter axis).
[0051] Various aspects of the inventive method of de-
tecting dislodgement of a navigational reference will now
be described with reference to Figure 3. In block 100, a
reference catheter (e.g., reference catheter 29) including
a plurality of reference electrodes (or other suitable lo-
calization elements) is secured at an initial reference lo-
cationwithinthe localization field. For example, reference
catheter 29 may be inserted into a patient’s coronary si-
nus, and reference electrode 31 thereon may be desig-
nated as the navigational reference (i.e., the origin of the
coordinate system for localization system 8).

[0052] In block 102, the slow-moving average location
of one or more of the reference electrodes on reference
catheter 29 is computed. For purposes of illustration, this
disclosure describes an embodiment of the invention
where all of the reference electrodes on reference cath-
eter 29 are employed. It should be understood, however,
that fewer than all reference electrodes can be employed
and one of ordinary skill in the art will appreciate how to
adapt the present teachings accordingly.

[0053] Thus, for purposes of the embodiment of the
invention described herein, the (x, y, z) coordinates of all
of the reference electrodes on reference catheter 29 are
measured and filtered with a moving average filter having
a filter time constant of several minutes. In effect, the
slow-moving average location "smooths" the effects of
patient cardiac and respiratory activity, as well as the
effects of certain electrical and pharmacological interfer-
ences, so as to provide a longer term representation of
the stable location of the reference electrodes. Of course,
other methodologies of computing the stable location of
the reference electrodes may also be employed.

[0054] Simultaneously, in block 104, the fast-moving
average location ofthe reference electrodes onreference
catheter 29 is computed. In some embodiments of the
invention, the fast-moving average location is computed
by measuring the (x, y, z) coordinates of all of the refer-
ence electrodes on reference catheter 29 and filtering
these measurements with a moving average filter, pref-
erably having a time constant of about 12 seconds. Of
course, the moving average filter may also have a varying
or adaptively varying time constant.

[0055] Suitable filter implementations for the compu-
tation of the slow- and fast-moving average locations of
the reference electrodes include, without limitation, ex-
ponential moving average filters, moving average filters,
infinite impulse response filters, finite impulse response
filters, and any combinations thereof.

[0056] As one of ordinary skill in the art will appreciate,
the fast-moving average location provides a more "in-
stantaneous" picture of the position of reference catheter
29 by removing cardiac and respiratory artifacts from the
localization signals of the various reference electrodes.
There are, however, alternatives to the moving average
filter described above that may be employed without de-
parting from the scope of the invention. For example, in
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some embodiments of the invention, the respiration com-
pensation methodology disclosed in United States patent
no. 7,263,397 may be employed to remove respiratory
artifacts from the localization signal. The respiration fil-
tering methodology disclosed in United States applica-
tion no. 12/835,518, filed 13 July 2010

may also be employed to good advantage in connection
with the present invention.

[0057] In block 106, distances between the slow- and
fast-moving average locations of the reference elec-
trodes on reference catheter 29 are computed. This dis-
tance generally reflects how far away from the initial ref-
erence position reference catheter 29 is (or appears to
be) at any given moment in time.

[0058] In decision block 108, as a first-order detection
of a potential mechanical dislodgement of reference cath-
eter29, acomparison is made between the distance com-
puted in block 106 and a preset dislodgement threshold.
The preset dislodgement threshold is chosen to reflect a
distance below which a mechanical dislodgement of ref-
erence catheter 29 is unlikely and/or clinically insignifi-
cant, and will typically be about 4 mm. If the distance
computed in block 106 does not exceed the dislodgement
threshold (e.g., itis less than about 4 mm), then it is un-
likely that reference catheter 29 has dislodged from the
initial reference location and/or any such dislodgement
is clinically insignificant, and the analysis returns to block
106. If, on the other hand, the distance computed in block
106 exceeds the dislodgement threshold (e.g., itis great-
er than about 4 mm), further analysis can be conducted
to determine whether reference catheter 29 has, in fact,
dislodged from the initial reference location, or whether
there has merely been a perceived dislodgement (due,
for example, to patient respiration).

[0059] This second-order analysis examines whether
the perceived displacement of reference catheter 29 oc-
curred in the direction along which mechanical dislodge-
ments are anticipated (e.g., along the axis of the cathe-
ter). Thus, in the invention, inblock 110, a series of angles
are computed. First, for each of the reference electrodes
on reference catheter 29, a vector connecting the slow-
and fast-moving average locations thereof when the dis-
tance exceeded the dislodgement threshold (e.g., at the
time of the potential dislodgement) is computed. Then,
the angle between this vector and the axis of reference
catheter 29 proximate the reference electrode (which
may be referred to as the "local axis" of reference catheter
29) is computed, which correlates the direction of move-
ment of reference catheter 29 with the direction of the
local axis thereof. As described above, a high correlation
between the direction of movement of reference catheter
29 and the local axis of reference catheter 29 suggests
a mechanical dislodgement as opposed to a "false" dis-
lodgement. Thus, each reference electrode on reference
catheter 29 will have an associated angle.

[0060] The local axis of reference catheter 29 may be
determined in a number of ways. For example, the local
axis may be determined by computing a line segment
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connecting each reference electrode to a neighboring
reference electrode or from the known geometry of ref-
erence catheter 29. In other embodiments, the local axis
of reference catheter 29 may be computed by computing
a line segment connecting neighboring reference elec-
trodes. In still other embodiments of the invention, the
local axis of reference catheter 29 may be computed as
a tangent to the body of reference catheter 29.

[0061] In block 112, the angles computed in block 110
are analyzed to determine how many such angles exceed
a preset sharp angle threshold. This step measures the
correlation between the displacement of the reference
electrodes and the catheter axis; as discussed above,
the most likely mechanical dislodgements of reference
catheter 29 are along or relatively close to the axis there-
of. The sharp angle threshold, therefore, is preferably
near 0 degrees or near 180 degrees, depending on the
convention adopted to define the local axis of reference
catheter 29.

[0062] In decision block 114, the number of angles ex-
ceeding the sharp angle threshold is compared to a pre-
set count threshold. The count threshold is selected to
reflect the number of reference electrodes that must ex-
perience a displacement along or nearly along the axis
of the catheter to support a conclusion that reference
catheter 29 has dislodged from the initial reference loca-
tion. That is, if a high number of reference electrodes
experienced a displacement along or nearly along the
axis of the catheter, it is likely that reference catheter 29
has dislodged from the initial reference location. If, on
the other hand, a low number of reference electrodes
experienced a displacement along or nearly along the
axis of the catheter, then it is unlikely that reference cath-
eter 29 has dislodged from the initial reference location.
[0063] Thus, if the number of angles exceeding the
sharp angle threshold falls below the count threshold
(that s, if relatively fewer of the reference electrodes ex-
perienced a displacement along or nearly along the axis
of reference catheter 29), then the system concludes that
there has not been a dislodgement of reference catheter
29 and the analysis returns to block 106. If, on the other
hand, the number of angles exceeding the sharp angle
threshold exceeds the count threshold (thatis, if relatively
more of the reference electrodes experienced a displace-
ment along or nearly along the axis of reference catheter
29), then the system concludes that there has been a
dislodgement of reference catheter 29 and a suitable sig-
nal (e.g., an audible signal, a visible signal, or a combi-
nation thereof) is generated in block 116.

[0064] Once dislodgement has been detected, the
practitioner is offered three options in decision block 118.
First, the user may opt to do nothing (block 120).
[0065] Second, the user may choose to return refer-
ence catheter 29 to the initial reference location (or, more
likely, a location reasonably proximate thereto) (block
122). If the user elects this option, then, as discussed in
further detail below, visual and/or audible guidance may
be provided to aid the user in doing so. For example, the
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system may show an image of the current location of
reference catheter 29 as well as a "shadow" image of
reference catheter 29 in the initial reference location. Al-
ternatively, the system may show an image of the current
location of reference catheter 29 and a target to which
the user is attempting to move reference catheter 29.
[0066] The system may also provide audible guidance
to indicate the proximity of reference catheter 29 to the
initial reference location, such as a beeping tone that
increases in frequency as reference catheter 29 ap-
proaches the initial reference location.

[0067] Itis also contemplated that the system may pro-
vide positional guidance to an automated catheter control
system, such as the robotic surgical system disclosed in
United States application no. 11/647,298, filed 29 De-
cember 2006, which is hereby incorporated by reference
as though fully set forth herein.

[0068] Third, the user may choose to accept the new,
displaced location of reference catheter 29 as a new ref-
erence location (block 124). If the user elects this option,
then a reference adjustment is preferably calculated in
block 126 to compensate for any change in position of
reference catheter 29 after its dislodgement from the in-
itial reference location. This reference adjustment is, in
effect, a transformation function or vector that transforms
coordinates measured relative to the new location of nav-
igational reference 31 to the coordinate system prior to
the dislodgement of reference catheter 29, and thus is
used to adjust position measurements made by localiza-
tion system 8 after the dislodgement.

[0069] Of course, it may also be desirable to calculate
areference adjustmentwhen the user elects to reposition
reference catheter 29 in the initial reference location, in-
sofar as it is unlikely that the user will be able to return
reference catheter 29 to the same exact location as it
occupied prior to the dislodgement.

[0070] Finally, if the user elects to mitigate the dis-
lodgement (that is, the user opts to do anything other
than nothing in response to the dislodgement), the dis-
lodgement detection process may be re-initialized in
block 128. During the re-initialization process, dislodge-
ment monitoring is temporarily suspended. When dis-
lodgement monitoring is suspended, the locations of the
slow-moving averages of all reference electrodes on ref-
erence catheter 29 immediately prior to the dislodgement
are stored (so that they may be used, for example, to
calculate a reference adjustment as described above)
and the new stable locations of the reference electrodes
on reference catheter 29 are averaged over a waiting
period to set a new slow-moving average location base-
line for the dislodgement detection method described
herein. At the conclusion of the waiting period (i.e., once
anew slow-moving average baseline is established), dis-
lodgement monitoring is re-enabled.

[0071] It is also contemplated that the present inven-
tion may be practiced in connection with integrated elec-
tric- and magnetic-field based localization systems, such
as the gMPS™ Medical Positioning System. For exam-
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ple, in addition to measuring the location of reference
electrodes on reference catheter 29 using an electric-
field based localization system, the location of an electro-
magnetic reference localization element (e.g., an electro-
magnetic transducer) may be measured using a magnet-
ic-field based localization system.

[0072] Likewise, the electro-magnetic reference local-
ization element will have an axis that can be measured
by the magnetic-field based localization system; it should
be appreciated that the axis of this element will be nearly
parallel to the local axis of reference catheter 29.
[0073] With respect to the electro-magnetic reference
localization element, both a dislodgement vector (that is,
a vector connecting the slow- and fast-moving average
locations of the electro-magnetic reference localization
element) and a dislodgement angle (that is, the angle
between the dislodgement vector and the local axis of
reference catheter 29) may be computed. If the dislodge-
ment angle is below a preset threshold (similar in nature
to the sharp angle threshold described above), then it is
further evidence that reference catheter 29 has dislodged
from the initial reference location.

[0074] An application of the present inventive method
will now be described with reference to Figures 4 through
7. Figure 4 represents the initial state of the system with
dislodgement detection enabled. Reference catheter 29
is visible, as is reference electrode 31 thereon, which has
been designated as the navigational reference. Also
shown are a series of other catheters 13 carrying meas-
urement electrodes. For purposes of illustration, the ac-
tual locations of catheters 13 are shown in phantom as
shadows 13’

[0075] InFigure 5, reference catheter 29 has been dis-
lodged. Because the navigational reference is presumed
stable, reference electrode 31 does not appear to have
moved, such that the dislodgement causes reference
catheter 29 to appear dilated. Moreover, the dislodge-
ment of reference catheter 29 also causes catheters 13
to appear significantly displaced from their actual posi-
tions as indicated by shadows 13".

[0076] The user may then be alerted to the dislodge-
ment and offered the choice to do nothing or to mitigate
the dislodgement, either by repositioning reference cath-
eter 29 proximate the initial reference location or by ac-
cepting the displaced location of reference catheter 29
as a new reference location. Figure 6 assumes that the
user has elected to mitigate the dislodgement by reposi-
tioning reference catheter 29 proximate the initial refer-
ence location.

[0077] To aid the user in repositioning reference cath-
eter 29 at or near its initial reference location, the initial
reference location (e.g., the original location of reference
electrode 31) has been highlighted with a target ball 200.
Catheters 13 have also been omitted from Figure 6 for
clarity. As the user moves reference catheter 29, its
progress will be reflected on display 23, and visual and/or
audible feedback may be provided to the user. For ex-
ample, as the user moves reference catheter 29 closer
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to the initial reference location, target ball 200 may
change colors (e.g., red when reference catheter 29 is
not near the initial reference location, yellow as reference
catheter 29 nears the initial reference location, and green
when reference catheter 29 coincides with the initial ref-
erence location), blink, or otherwise indicate the proximity
of reference catheter 29 to the initial reference location.
[0078] Once the user has returned reference catheter
29 to proximate the initial reference location, the user
can accept the new position of reference catheter 29 as
a stable reference position. The system will then re-com-
pute the locations of catheters 13, such that they are
once again proximate their actual location shadows 13’
as shown in Figure 7. Of course, to the extent that refer-
ence catheter 29 is not restored to precisely the same
location as its initial reference location, a reference ad-
justment may be desirable. In addition, the system will
re-initialize the dislodgement detection process.

[0079] Although several embodiments of this invention
have been described above with a certain degree of par-
ticularity, those skilled in the art could make numerous
alterations to the disclosed embodiments without depart-
ing from the spirit or scope of this invention. For example,
although the reference adjustment is described as a
transformation from the new coordinate system to the old
coordinate system, one of ordinary skill in the art will ap-
preciate that transformations could just as well be made
from the old coordinate system to the new coordinate
system. That is, the reference adjustment is used to en-
sure that all measurements are made to a common co-
ordinate system; whether that coordinate system is the
old system or the new system is not critical.

[0080] As another example, one of ordinary skill in the
art will appreciate that the embodiments of the invention
described herein (e.g., electric-field based localization
system, magnetic-field based localization system, and
hybrid electric- and magnetic-field based localization
systems) may be utilized in any desirable combination
(e.g., detecting a dislodgement only if both the reference
electrodes and a reference electro-magnetic localization
element both exceed a dislodgement threshold and ex-
hibit a displacement in a likely dislodgement direction).

[0081] All directional references (e.g., upper, lower,
upward, downward, left, right, leftward, rightward, top,
bottom, above, below, vertical, horizontal, clockwise, and
counterclockwise) are only used for identification purpos-
es to aid the reader’s understanding of the present in-
vention, and do not create limitations, particularly as to
the position, orientation, or use of the invention. Joinder
references (e.g., attached, coupled, connected, and the
like) are to be construed broadly and may include inter-
mediate members between a connection of elements and
relative movement between elements. As such, joinder
references do not necessarily infer that two elements are
directly connected and in fixed relation to each other.
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Claims

Amethod of detecting dislodgement of a navigational
reference within a localization field, the method car-
ried out by a processor and comprising:

obtaining a reference location from at least one
reference location element (31) of a reference
catheter (29) secured within a localization field;
measuring a location of the at least one refer-
ence localization element within the localization
field;

computing a slow-moving average location of
the at least one reference localization element
(31);

computing a fast-moving average location of the
at least one reference localization element (31);
computing a distance between the slow- and
fast-moving average locations of the atleastone
reference localization element (31);

comparing the computed distance to a dislodge-
ment threshold; if the computed distance ex-
ceeds the dislodgement threshold:

for the at least one reference localization
element (31):

computing a vector connecting the
slow- and fast-moving average loca-
tions of the respective reference local-
ization element at a point in time when
the computed distance between the
slow- and fast-moving average loca-
tions of the respective reference local-
ization element exceeded the dislodge-
ment threshold;

determining an axis of the reference
catheter (29) at the point in time when
the computed distance between the
slow- and fast-moving average loca-
tions of the respective reference local-
ization element (31) exceeded the dis-
lodgement threshold; and

computing an angle between the com-
puted vector and the axis of the refer-
ence catheter (29),

thereby computing at least one angle asso-
ciated with the at least one reference local-
ization element (31); and

analyzing the at least one angle for an indi-
cation that the reference catheter (29) has
dislodged from the reference location.

2. The method according to claim 1, wherein the dis-

lodgement threshold is about 4 mm.

3. The method according to claim 1, wherein the step

10

15

20

25

30

35

40

45

50

55

10

of analyzing the at least one angle for an indication
that the reference catheter has dislodged from the
reference location comprises:

determining a count of angles exceeding a sharp
angle threshold; and

comparing the count of angles to a count thresh-
old.

The method according to any one of claims 1 to 3,
wherein the axis of the reference catheter is defined
by a line segment connecting the respective refer-
ence localization element to a neighboring reference
localization element.

The method according to any one of the preceding
claims, wherein at least one of the slow and fast-
moving average locations of the at least one refer-
ence localization element (31) is computed using at
least one filter selected from the group consisting of:
exponential moving average filters, moving average
filters, infinite impulse response filters, finite impulse
response filters, and any combinations thereof.

The method according to any one of the preceding
claims, further comprising:

defining a new stable location of the reference
catheter (29);

calculating a reference adjustment to compen-
sate for any change in position of the reference
catheter between the reference location and the
new stable location; and

using the reference adjustment to adjust locali-
zation element position measurements made af-
ter the dislodgement from the reference loca-
tion.

7. Themethod according to claim 1, further comprising:

calculating a reference adjustment to compen-
sate for any change in position of the reference
catheter (29) after the dislodgement from the ref-
erence location; and

using the reference adjustment to adjust locali-
zation element position measurements made af-
ter the dislodgement from the reference loca-
tion.

The method according to claim 1 or 7, wherein the
detecting step comprises comparing a magnitude of
a perceived displacement of at least some of the
plurality of reference localization elements to a dis-
lodgement threshold.

The method according to claims 1, 7 or 8, wherein
the analyzing step comprises comparing a direction
of a perceived displacement of at least some of the
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plurality of reference localization elements to an an-
ticipated dislodgement direction.

10. A localization system, comprising:

a plurality of localization field generators (12, 14,
16, 18, 19, 22);

a reference catheter (29) including a plurality of
reference localization elements (31); and

a reference catheter dislodgement processor
that monitors for a dislodgement of the reference
catheter from an reference location, wherein the
reference catheter dislodgement processor is
adapted to

compare the difference between the slow-mov-
ing average location and the fast-moving aver-
age location of at least some of the plurality of
reference localization elements to a dislodge-
ment threshold, and, if the difference exceeds
the dislodgement threshold:

compute, for at least some of the plurality
of reference localization elements, an angle
between a vector connecting the slow- and
fast-moving average locations of the refer-
ence localization element and an axis of the
reference catheter (29), thereby computing
a plurality of angles;

determine a count of angles exceeding a
sharp angle threshold; and

compare the count of angles to a count
threshold to determine whether the refer-
ence catheter (29) has dislodged from the
initial reference location.

11. The localization system according to claim 10, fur-

ther comprising a reference adjustment processor
that:

calculates a reference adjustment to compen-
sate for any change in position of the reference
catheter after the dislodgement from the refer-
ence location; and

uses the reference adjustment to adjust locali-
zation elementposition measurements made af-
ter the dislodgement from the reference loca-
tion.

Patentanspriiche

1.

Verfahren zum Bestimmen einer Entfernung einer
Navigationsreferenzinnerhalb eines Lokalisierungs-
felds, wobei das Verfahren von einem Prozessor
ausgefiihrt wird und aufweist:

Erlangen eines Referenzorts von mindestens ei-
nem Referenzlokalisierungselement (31) eines
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Referenzkatheters (29), der in einem Lokalisie-
rungsfeld gesichert ist;

Messen eines Orts des mindestens einen Refe-
renzlokalisierungselements innerhalb des Lo-
kalisierungsfelds;

Berechnen eines sich langsam bewegenden
Durchschnittsorts des mindestens einen Refe-
renzlokalisierungselements (31);

Berechnen eines sich schnell bewegenden
Durchschnittsorts des mindestens einen Refe-
renzlokalisierungselements (31);

Berechnen einer Distanz zwischen den sich
langsam und sich schnell bewegenden Durch-
schnittsorten des mindestens einen Referenz-
lokalisierungselements (31);

Vergleichen der berechneten Distanz mit einem
Entfernungsschwellenwert; wenn die berechne-
te Distanz den Entfernungsschwellenwert iber-
schreitet:

fur das mindestens eine Referenzlokalisie-
rungselement (31):

Berechnen eines Vektors, der die sich
langsam und sich schnell bewegenden
Durchschnittsorte des jeweiligen Refe-
renzlokalisierungselements zu einem
Zeitpunkt verbindet, wenn die berech-
nete Distanz zwischen den sich lang-
sam und sich schnell bewegenden
Durchschnittsorten des jeweiligen Re-
ferenzlokalisierungselements den Ent-
fernungsschwellenwert tberschreitet;

Bestimmen einer Achse des Referenz-
katheters (29) zu dem Zeitpunkt, wenn
die berechnete Distanz zwischen den
sich langsam und sich schnell bewe-
genden Durchschnittsorten des jewei-
ligen Referenzlokalisierungselements
(31) den Entfernungsschwellenwert
Uberschreitet; und

Berechnen eines Winkels zwischen
dem berechneten Vektor und der Ach-
se des Referenzkatheters (29),

wodurch mindestens ein Winkel berechnet
wird, der zu dem mindestens einen Refe-
renzlokalisierungselement (31) gehért; und
Analysieren des mindestens einen Winkels
zur Anzeige, dass der Referenzkatheter
(29) von dem Referenzort entfernt ist.

Verfahren nach Anspruch 1, bei dem der Entfer-
nungsschwellenwert ungefédhr 4 mm betragt.

Verfahren nach Anspruch 1, bei dem der Schritt des
Analysierens des mindestens einen Winkels zur An-
zeige, dass der Referenzkatheter von dem Referen-
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zort entfernt ist, aufweist:

Bestimmen einer Anzahl von Winkeln, die einen
Schwellenwert fiir einen spitzen Winkel (ber-
schreiten; und

Vergleichen der Anzahl von Winkeln mit einem
Zahlschwellenwert.

Verfahren nach einem der Anspriiche 1 bis 3, bei
dem die Achse des Referenzkatheters definiert ist
durch ein Liniensegment, das das jeweilige Refe-
renzlokalisierungselement mit einem benachbarten
Referenzlokalisierungselement verbindet.

Verfahren nach einem der vorangegangenen An-
spriiche, bei dem mindestens einer von den sich
langsam und sich schnell bewegenden Durch-
schnittsorten des mindestens einen Referenzlokali-
sierungselements (31) berechnet wird, indem min-
destens ein Filter verwendet wird, das ausgewahlt
ist aus der Gruppe mit: einem Exponentialbewe-
gungsdurchschnittsfilter, einem Bewegungsdurch-
schnittsfilter, einem infiniten Impulsantwortfilter, ei-
nem finiten Impulsantwortfilter und irgendwelchen
Kombinationen davon.

Verfahren nach einem der vorangegangenen An-
spriiche, ferner mit:

Definieren eines neuen stabilen Orts des Refe-
renzkatheters (29);

Berechnen einer Referenzeinstellung, um jegli-
che Positionsanderung des Referenzkatheters
zwischen dem Referenzort und dem neuen sta-
bilen Ort zu kompensieren; und

Verwenden der Referenzeinstellung zum Ein-
stellen von Lokalisierungselementpositions-
messungen, die nach der Entfernung von dem
Referenzort gemacht wurden.

7. Verfahren nach Anspruch 1, ferner mit:

Berechnen einer Referenzeinstellung zum
Kompensieren jeglicher Positionséanderung des
Referenzkatheters (29) nach der Entfernung
von dem Referenzort; und

Verwenden der Referenzeinstellung zum Ein-
stellen von Lokalisierungselementpositions-
messungen, die nach der Entfernung von dem
Referenzort gemacht wurden.

Verfahren nach Anspruch 1 oder 7, bei dem der De-
tektionsschritt ein Vergleichen einer Groe einer
wahrgenommenen Entfernung von mindestens eini-
gen von der Mehrzahl von Referenzlokalisierungs-
elementen mit dem Entfernungsschwellenwert auf-
weist.
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Verfahren nach Anspruch 1, 7 oder 8, bei dem der
Analyseschritt ein Vergleichen einer Richtung einer
wahrgenommenen Entfernung von mindestens eini-
gen von der Mehrzahl von Referenzlokalisierungs-
elementen mit einer antizipierten Entfernungsrich-
tung aufweist.

10. Lokalisierungssystem, mit:

einer Mehrzahlvon Lokalisierungsfeldgenerato-
ren (12, 14, 16, 18, 19, 22);

einem Referenzkatheter (29), der eine Mehrzahl
von Referenzlokalisierungselementen (31) auf-
weist; und

einem Referenzkatheterentfernungsprozessor,
der eine Entfernung des Referenzkatheters von
einem Referenzort (berwacht, wobei der
Referenzkatheterentfernungsprozessor ange-
passt ist zum Vergleichen der Differenz zwi-
schen dem sich langsam bewegenden Durch-
schnittsort und dem sich schnell bewegenden
Durchschnittsort von mindestens einigen von
der Mehrzahl von Referenzlokalisierungsele-
menten mit einem Entfernungsschwellenwert,
und wenn die Differenz den Entfernungsschwel-
lenwert Uberschreitet:

Berechnen fiir die mindestens einigen von
der Mehrzahl von Referenzlokalisierungse-
lementen, eines Winkels zwischen einem
Vektor, der die sich langsam und sich
schnell bewegenden Durchschnittsorte des
Referenzlokalisierungselements verbindet,
und einer Achse des Referenzkatheters
(29), wodurch eine Mehrzahl von Winkeln
berechnet wird;

Bestimmen einer Anzahl von Winkeln, die
einen Schwellenwert flr einen spitzen Win-
kel Uberschreiten; und

Vergleichen der Anzahl von Winkeln mit ei-
nem Zahlschwellenwert, um zu bestimmen,
ob der Referenzkatheter (29) sich von dem
Anfangsreferenzort entfernt hat.

11. Lokalisierungssystem nach Anspruch 10, ferner mit

einem Referenzeinstellungsprozessor, der:

eine Referenzeinstellung berechnet zum Kom-
pensieren jeglicher Positionsanderung des Re-
ferenzkatheters nach der Entfernung von dem
Referenzort; und

die Referenzeinstellung verwendet zum Einstel-
len von Lokalisierungselementpositionsmes-
sungen, die gemacht wurden nach der Entfer-
nung von dem Referenzort.
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Revendications

Procédé de détection de délogement d’une référen-
ce de navigation dans un champ de localisation, le
procédé étant mis en oeuvre par un processeur et
comprenant les étapes consistant a :

obtenir un emplacement de référence a partir
d’au moins un élément d’emplacement de réfé-
rence (31) d'un cathéter de référence (29) fixé
dans un champ de localisation ;

mesurer un emplacement d’au moins un élé-
mentde localisation de référence dans le champ
de localisation ;

calculer un emplacement moyen a déplacement
lent dudit au moins un élément de localisation
de référence (31) ;

calculer un emplacement moyen a déplacement
rapide dudit au moins un élément de localisation
de référence (31) ;

calculer une distance entre les emplacements
moyens a déplacement lent et rapide dudit au
moins un élément de localisation de référence
(31);

comparer la distance calculée a un seuil de dé-
logement; si la distance calculée dépasse le
seuil de délogement :

pour ledit au moins un élément de localisa-
tion de référence (31) :

calculer un vecteur reliant les emplace-
ments moyens a déplacement lent et
rapide de I'élément de localisation de
référence respectif a un instant donné
ou la distance calculée entre les em-
placements moyens a déplacement
lent et rapide de I'élément de localisa-
tion de référence respectif a dépassé
le seuil de délogement ;

déterminer un axe du cathéter de réfe-
rence (29) al'instant ou la distance cal-
culée entre les emplacements moyens
a déplacement lent et rapide de I'élé-
ment de localisation de référence res-
pectif (31) a dépassé le seuil de
délogement ; et

calculer un angle entre le vecteur cal-
culé et 'axe du cathéter de référence
(29),

calculant ainsi au moins un angle associé
audit au moins un élément de localisation
de référence (31) ; et

analyser ledit au moins un angle pour une
indication que le cathéter de référence (29)
s’est délogé de 'emplacement de référen-
ce.
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Procédé selon larevendication 1, dans lequel le seuil
de délogement est d’environ 4 mm.

Procédé selon larevendication 1, dans lequel I'étape
d’analyse dudit au moins un angle pour une indica-
tion que le cathéter de référence a été délogé de
I'emplacement de référence comprend les étapes
consistant a :

déterminer un nombre d’angles dépassant un
seuil d'angle aigu ; et

comparer le nombre d’angles a un seuil de nom-
bre.

Procédé selon 'une quelconque des revendications
1 a 3, dans lequel I'axe du cathéter de référence est
défini par un segment de droite reliant I'élément de
localisation de référence respectif a un élément de
localisation de référence voisin.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel au moins I'un des empla-
cements moyens lent et rapide dudit au moins un
élément de localisation de référence (31) est calculé
en utilisant au moins un filtre sélectionné dans le
groupe constitué de : filtres de moyenne mobile ex-
ponentiel, filires de moyenne mobile, filtres de ré-
ponse impulsionnelle infinie, filires de réponse im-
pulsionnelle finie, et 'une quelconque de leurs com-
binaisons.

Procédé selon 'une quelconque des revendications
précédentes, comprenant en outre les étapes con-
sistant a :

définir un nouvel emplacement stable du cathé-
ter de référence (29) ;

calculer un ajustement de référence pour com-
penser tout changement de position du cathéter
de référence entre 'emplacement de référence
et le nouvel emplacement stable ; et

utiliser I'ajustement de référence pour ajuster
les mesures de position d’élément de localisa-
tion effectuées apres le délogement de 'empla-
cement de référence.

7. Procédé selon la revendication 1, comprenant en

outre les étapes consistant a :

calculer un ajustement de référence pour com-
penser tout changement de position du cathéter
de reférence (29) apres le délogement depuis
I’emplacement de référence ; et

utiliser I'ajustement de référence pour ajuster
les mesures de position d’élément de localisa-
tion effectuées aprés le délogement depuis
I’emplacement de référence.
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8. Procédé selon la revendication 1 ou 7, dans lequel
I'étape de détection comprend la comparaisond’une
amplitude d’'un déplacement pergu d’au moins une
partie de la pluralité d’éléments de localisation de
référence a un seuil de délogement. 5

9. Procédé selon les revendications 1, 7 ou 8, dans
lequel I'étape d’analyse comprend la comparaison
d’une direction d’'un déplacement pergu d’au moins
une partie de la pluralité d’éléments de localisation 70
de référence avec une direction de délogement an-
ticipée.

10. Systéme de localisation comprenant :

15
une pluralité de générateurs de champ de loca-
lisation (12, 14, 16, 18, 19, 22) ;
un cathéter de référence (29) comprenant une
pluralité d’éléments de localisation de référence
(31) ; et 20
un processeur de délogement de cathéter de
référence qui surveille un délogement du cathé-
ter de référence depuis un emplacement de ré-
férence, ou le processeur de délogement de ca-
théter de référence est congu pour : 25
comparer la difference entre I'emplacement
moyen a déplacement lent et 'emplacement
moyen a déplacement rapide d’au moins une
partie de la pluralité d’éléments de localisation
de référence a un seuil de délogement, et sila 30
différence dépasse le seuil de délogement :

calculer, pour au moins une partie de la plu-
ralité d’éléments de localisation de référen-

ce, un angle entre un vecteurreliantlesem- 35
placements moyens a déplacement lent et
rapide de I'élément de localisation de réfé-
rence et un axe du cathéter de référence
(29), calculant ainsi une pluralité d’angles ;
déterminer un nombre d’angles dépassant 40
un seuil d’angle aigu ; et

comparer le nombre d’angles a un seuil de
nombre afin de déterminer si le cathéter de
référence (29) s’est délogé de I'emplace-
ment de référence initial. 45

11. Systéme de localisation selon la revendication 10,
comprenant en outre un processeur d’ajustement de
référence qui :

50
calcule un ajustement de référence pour com-
penser tout changement de position du cathéter
de référence aprés son délogement par rapport
a 'emplacement de référence ; et
utilise 'ajustement de référence pour ajusterles 55
mesures de position d’élément de localisation
effectuées aprés le délogement de I'emplace-
ment de référence.

14
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