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NAVIGATIONAL REFERENCE DISLODGEMENT DETECTION METHOD AND

SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to United Stales nonprovisi υnat application no.

11/647,277, filed 29 December 2006 (the '277 application), now pending. The '277

application is hereby incorporated by reference as though fully set forth herein.

BACKGROUNDOFTHE INVENTION

a. Field o f the Invention

[0002 ] Che instant invention relates generally to the navigation o f β medical device

through a patient. More specifically, the instant invention relates to a method and system for

detecting and controlling for the movement o f a reference point utilized in a localization

system employed in navigating a medical device through a patient, and in particular through

the heart and vasculature o f the patient.

b . Background Art

[0003] It is well known to generate heart chamber geometry in preparation for cardiac

diagnostic or therapeutic procedures. Often, a mapping catheter tip is placed against the wall

o f the heart chamber and the three-dimensional coordinates o f the mapping catheter tip

measured using a localization 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 o f geometry points (also referred to as "location data points")

that defines the geometry o f the heart chamber. Various surface construction algorithms may

then be applied to wrap α surface around the cloud o f geometry points to obtain a

representation o f the heart chamber geometry.

[0004] It is desirable for the three-dimensional coordinate system to have a stable

reference point or origin. While any stable position will suffice, it is desirable for many

reasons to utilize a reference point that is proximate to the mapping catheter. Thus, a

catheter-mounted reference electrode is often inserted into the heart and positioned in a fixed

location, for example the coronary sinus, to establish the origin o f the coordinate system

relative to which the location o f the mapping catheter will be measured.

[0005 ] It is known, however, that the stationary reference electrode may become

dislodged. For example, the mapping catheter may collide or become entangled with the

reference electrode, or the physician moving the mapping catheter may inadvertently jostle



the catheter carrying the reference electrode. The reference electrode may also be dislodged

by patient movement.

[0006] When the reference electrode becomes dislodged, it effectively shifts the origin of

the coordinate system relative to which the position of the mapping catheter is measured.

Unless the dislodgement is detected and accounted for, positions of the mapping catheter

measured after the dislodgement will be invalid.

BRIEF SUMMARY OF THE INVENTION

[0007] It is therefore desirable to be able to detect dislodgement of the electrode or other

navigational reference that defines the origin of the coordinate system relative to which body

geometries are measured.

[0008] It is also desirable to guide a user in reestablishing the original position of the

navigational reference.

[0009] It is further desirable to provide a method by which the original position of the

navigational reference may be reestablished.

[0010] In addition, it is desirable to provide a method thai accounts for the dislodged

location of the navigational reference without requiring reestablishment of the original

position of the navigational reference.

[001 1] Disclosed herein is a method of tracking a position of a catheter within a patient's

body. The method includes the steps of: securing a navigational reference at an initial

reference location within a patient's body; defining the initial reference location as a

reference point for a coordinate system for locating positions of points in space; providing a

moving electrode within the patient's body; determining a location of the moving electrode

and providing locution information data for the moving electrode, the location information

data comprising position information that defines the location of the moving electrode in the

coordinate system that uses the initial reference location as its reference point; monitoring for

a dislodgement of the navigational reference from the initial reference location; and

generating a signal indicating that the navigational reference has dislodged from the initial

reference location.

[0012] A user may be provided with guidance to help reposition and secure the

navigational reference to the initial reference location. Alternatively, a computer may be

used to control a servo-controlled catheter to reposition and secure the navigational reference

to the initial reference location. In still other embodiments of the invention, a location of the

navigational reference is determined after it has dislodged from the reference location, and a



reference adjustment is calculated to compensate for the navigational reference having

changed positions. The reference adjustment may then he used to generate location

information data for the moving electrode with reference to the coordinate system that uses

the initial reference location as its reference point.

[0013] Dislodgement may be detected by monitoring an output signal from the

navigational reference for a value in excess of a threshold. For example, the velocity of the

navigational reference may be monitored for a velocity in excess of a preset dislodgement

threshold. In some embodiments o f the invention, a far field reference is provided outside the

patient's body, and both the navigational reference and the far field reference are coupled to a

circuit to generate an output signal that is monitored for a signal indicative of dislodgement,

for example a signal with an absolute amplitude above a dislodgment threshold, The output

signal is preferably filtered with both a high pass and a low pass filter, and will typically be a

signal indicative of the location of the navigational reference relative to the far field

reference. The low pass filter preferably has a cutoff frequency of 0.1 Hz, while the high

pass filter preferably has a cutoff frequency of about 0.001 Hz. It is understood that the

filtering may be accomplished by filtering analog signal, or the filtering process may also be

accomplished using digital signal processing algorithms that operate on a digital signal,

which may be generated using analog-to-digital converters as is well known in the art.

[0014] Optionally, the moving electrode and the navigational reference include

respective first and second measurement electrodes to measure electrophysiology

information, and the output of the first measurement electrode may be adjusted by

compensating for at least one signal that is common to each of the first and second

measurement electrodes when electrophysiology measurements are taken simultaneously

with the first and second measurement electrodes.

[0015] Also disclosed is a method of measuring electrophysiology information using

multiple electrodes that includes the steps of: providing a localization system that determines

locations of objects within a three-dimensional space and generates location information data

comprising position information determined relative to at least one reference; securing a local

reference at an internal reference location within a patient's body, the local reference

comprising a first measurement electrode; providing a far field reference outside the patient's

body at an external reference location; providing a second measurement electrode within the

patient's body; using the localization system to determine a location of the second

measurement electrode and providing location information data for the second measurement



electrode comprising position information determined relative to the internal reference

location as a reference point; simultaneously taking efccirophysiology measurements using

each of the first and second measurement electrodes and adjusting the output of the second

measurement electrode by compensating for at least one signal that is common to each of the

first and second measurement electrodes; monitoring for u dislodgement of the local

reference from the internal reference location; and generating a signal indicating that the local

reference has dislodged from the internal reference location. Optionally, the method also

includes; determining a dislodged location of the local reference after it has dislodged from

the internal reference location; and calculating an adjustment to compensate for a change in

locations between the internal reference location and the dislodged location. Position

information for the second measurement electrode may then be determined relative to the

internal reference location as a reference point by applying the adjustment to a location of the

second measurement electrode relative to the local reference in the dislodged location.

|0016| According Io another embodiment of the invention, a system for measuring

clcctrophysiology information using multiple electrodes includes: a localization system that

determines locations of objects within a three-dimensional space and that generates location

information data comprising position information determined relative Io at least one

reference; a local reference that can be secured at an internal reference location within a

patient's body, the local reference comprising a first measurement electrode that generates a

first measurement signal; a fur field reference that can be secured at an external reference

location outside the patient's body; a second measurement electrode that can be placed within

the patient's body, the second measurement electrode generating a second measurement

signal; common mode processor to take electrophysiology measurements using each of the

first and second measurement electrodes and to adjust the output of the second measurement

electrode by removing at least one signal component that is common to each of the first and

second measurement signals; an output processor coupled to the localization system that

determines a location of the second measurement electrode and provides location information

data for the second measurement electrode, the location information data comprising position

information determined relative to the internal reference location as a reference point; and a

controller that monitors for dislodgement of the local reference from the internal reference

location and that generates a signal indicating that the local reference has dislodged from the

internal reference location. Optionally, the system may further include one or more of the

following: a servo mechanism to reposition and secure the local reference to the internal



reference location; an adjustment processor to determine u dislodged locution or the local

reference and to culculule u reference adjustment that compensates for the local reference

having moved from the internal reference location to the dislodged locution; and a tittering

processor, including high pass filter and a low pass filter, that outputs a filtered signal,

which the controller monitors for an indication of dislodgement of the local reference from

the internal reference location.

|00l 7| Λ technical advantage of the present invention i that it may be used to alert a

user to dislodgement of the navigational reference.

|0OI8| Another advantage of the present invention is that it may guide the user in

correcting the dislodgement.

|0019| Yet another advantage of the present invention is that it can automatically correct

for the dislodgmenl. for example by automatically reestablishing the navigational reference in

its original position, or, alternatively, by calculating a reference adjustment to compensate for

the changed position of the nuvigationai reference.

|0020| The foregoing and other aspects, features, details, utilities, and advantages of the

present invention will be apparent from reading the following description and claims, and

from reviewing the accompanying drawings.

BKII-F DhSCRIPI ION OF TMK DRAWINGS

(0021| Fig. I is a schematic depiction of a localization system utilized in an

clcctrnphysiology study.

|0022| Fig. 2 is a flowchart that illustrates navigational reference dislodgement detection

and mitigation functions according to an embodiment of the present invention.

DETAILED DESCRIHTION OF THK INVIiNTION

|002J| The present invention, which is preferably practiced in connection with a

localization .system, automatically detects dislodgement of a navigational reference for the

localization system. In addition, the present invention provides methods of automatically

correcting for the dislodgment or to guide a user, e.g., a physician, in repositioning the

navigational reference at its original location. For illustrative purposes, the present invention

will be described in the context of a cardiac diagnostic or therapeutic procedure, such as an

clcctrophysiology study. One of ordinary skill in the an will appreciate, however, that the

invention may be practiced with equal success in any number of other applications, and.



accordingly, the illustrative embodiment used herein to describe the invention should not be

regarded as limiting.

|0024] Fig. 1 shows a schematic diagram of a localization system 8 for conducting

cardiac electrophysiology studies by navigating a cardiac catheter and measuring electrical

activity occurring in a heart 10 of a patient 11and three-dimensionally mapping the electrical

activity and/or information related to or representative of the electrical activity so measured.

System 8 can be used, for example, to create an anatomical model of the patient's heart 10

using one or more electrodes. System 8 can also be used to measure electrophysiology data

at a plurality o f points along a cardiac surface, and 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 o f the patient's heart 10. As one

of ordinary skill in the art will recognize, and as will be further described below, localization

system 8 determines the location of objects, typically within a three-dimensional space, and

expresses those locations as position information determined relative to at least one reference.

[0025] For simplicity of illustration, the patient 11 is depicted schematically as an oval.

Three sets of surface electrodes (e.g., patch electrodes) are shown applied to a surface o f the

patient 11, defining three generally orthogonal axes, referred to herein as an x-axis, a y-axis,

and a 7.-axis. The x-axis surface electrodes 12, 14 are applied to the patient along a firstaxis,

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 l-eft 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 electrodes. 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 in the thorax region, and may be referred to as the Chest and Back

electrodes. The heart 10 lies between these pairs o f surface electrodes 12/14, 18/19, and

16/22.

[0026] An additional surface reference electrode (e.g., a "belly patch") 2 1provides a

reference and/or ground electrode for the system 8. The belly patch electrode 2 1 may be an

alternative to a fixed intra-cardiac 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) system leads in place. This ECG information is available to the

system 8, although not illustrated in Fig. 1.



[0027] A representative catheter 13 having at least one electrode 17 (e.g., a distal

electrode) is also shown. This representative catheter electrode 17 is referred to us the

"roving electrode," "moving electrode." or "measurement electrode" throughout the

specification. Typically, multiple electrodes on catheter 13, or on multiple such catheters,

will be used. In one embodiment, for example, localization system 8 may comprise up to

sixty-four electrodes on up Io twelve catheters disposed within the heart and/or vasculature of

the patient, o r course, this embodiment is merely exemplary, and any number of electrodes

and catheters may he used within the scope of the present invention.

[0028] An optional fixed reference electrode 31(e.g., attached to a wall of the heart 10)

is shown on a second catheter 29. For calibration purposes, this electrode 3 1 may be

stationary (e.g., attached Io or near the wall of the heart) or disposed in a fixed spatial

relationship with the roving electrode 17, and thus may be referred to as a "navigational

reference" or ''local reference." The fixed reference electrode 3 1 may be used in addition or

alternatively to the surface reference electrode 2 1 described above. In many instances, a

coronary sinus electrode or other fixed electrode in the heart 10 can be used as a reference for

measuring voltages und displacements; that is. as described below, fixed reference electrode

3 1 may define the origin of a coordinate system.

(0029) Each surface electrode is coupled to the multiplex switch 24, and the pairs of

surface electrodes arc selected by software running on a computer 20, which couples the

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 plurality of processing units, commonly

referred to as a parallel processing environment, which may execute instructions to practice

the various aspects of the present invention described herein.

(0030) 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. Alternately, these orthogonal

fields can be decomposed and any pairs of surface electrodes can be driven as dipoles to

provide effective electrode triangulation. Additionally, such non-orthogonal methodologies

add to the flexibility of the system. For any desired axis, the potentials measured across an

intra-cardiac electrode 17 resulting from a predetermined set of drive (source-sink)



configurations arc combined algebraically to yield the seme effective potential as would be

obtained by simply driving a uniform current along the orthogonal xe .

|0031| Thus, any two of the surface electrodes 12, 14, 16, 18, 19, 22 may be selected as

a dipolc source and drain with respect to a ground reference, such as belly patch 21, while the

uncxcitcd electrodes measure voltage with respect to the ground reference. The measurement

electrode 17 placed in the heart 10 is exposed to the field from a current pulse and is

measured with respect to ground, such as belly patch 2 1. In practice the catheters within the

heart may contain multiple electrodes and each electrode potential may be measured. As

previously noted, at least one electrode may be fixed to the interior surface of the heart to

form a fixed reference electrode 31, which is also measured with respect to ground, such us

belly patch 2 1. 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 measurement electrode 17

or other electrodes within the heart 10.

[0032) The measured voltages may be used to determine the location in three-

dimensional space of the electrodes inside the heart, such as the roving electrode 17, relative

to a reference location, such as reference electrode 31. Iitat is, the voltages measured at

reference electrode 31 may be used to define the origin of a coordinate system, while the

voltages measured at roving electrode 17 may be used to express the location of roving

electrode 17 relative to the origin. Preferably, the coordinate system is a three-dimensional

(x, y, z) Cartesian coordinate system, though the use of other coordinate systems, such as

polar, spherical, and cylindrical coordinate systems, is wiihin the scope of the invention.

|0033J As should be clear from the foregoing discussion, the data used to determine the

location of the elecrrode(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

locutions as described in U.S. Patent Application Publication No. 2004/0254437, which is

hereby incorporated herein by reference in its entirety. 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 U.S. Patent Application No. 11/227,580, tiled on IS September 200S, which is also

incorporated herein by reference in its entirety.

|0034) In summary, the system 8 first selects a set of surface electrodes and lhen drives

them with current pulses. While the current pulses are being delivered, electrical activity,

such us the voltages measured 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 indicutcd above.

|003S| In a preferred embodiment, the localization/mapping system is the HnSUe

NavX™ navigation and visualization system of St. Jude Medical. Atrial Fibrillation Division.

Inc. Other localization systems, however, may be used in connection with the present

invention, including for example, the CARTO navigation and location system of Bioscnsc

Webster, Inc. The localization and mapping systems described in the following patents (all

of which are hereby incorporated by reference in their entireties) can also be used with the

present inventi υn: United States Patent Nos. 6,990,370; 6.978.168; 6,947,785; 6,939,309;

6,728.562; 6,640.1 19; 5,983.126; and 5.697.377

(0036| Various aspects and features of the present invention will now be described with

reference to Kig. 2. In use. a navigational reference or local reference, such as reference

electrode 3 1, is secured at an initial reference location, preferably internal to the body o f

patient 11 (block 100). The initial reference location is defined as a reference point (e.g., the

origin) o f a coordinate system that may be used to locate points in space. A it moves within

heart 10, the location of roving electrode 17 (block 110) may be measured relative to the

coordinate system having the initial reference location as its origin (block 120), thereby

outputting position information that defines the location of roving electrode 17 in the

coordinate system that uses the initial reference location a its reference point.

|0037) As one of ordinary skill in the art will recognize, and as described above,

reference electrode 3 1 may become dislodged from the initial reference location during the

course o f an electrophysiology study, for example if the physician inadvertently tugs on the

catheter 29 carrying reference electrode 31. effectively moving the origin of the coordinate

system relative to which the position of roving electrode 17 is measured and invalidating any

positions of roving electrode 17 measured after the dislodgcment. It is desirable, therefore,

tor a controller to monitor tor dislodgement of the navigational reference from the initial

reference location, and. if such dislodgement occurs, to generate a signal indicative of the

dislodgement, for example to alert the user that a dislodgemem has occurred.

|0038| Thus, the navigational reference may be coupled to u circuit in order to generate

an output signal, which muy be monitored for an increase above a threshold indicative of the

mivjgmiυnal reference having dislodged from the initial reference location. For example, the

velocity of the navigational reference muy be monitored, and, if the velocity of the

naviguiiυnal reference exceeds a preset threshold, one may conclude that the navigational



reference has dislodged from the initial reference location; if the navigational reference

remains stationary, its velocity is nominally zero. Similarly, an acceleration vector could be

monitored, and again, any change that is above a threshold (near ero) would be indicative of

movement. It should be understood that the threshold may also be implemented as a

minimum acceptable value rather than a maximum acceptable value, such thai dislodgmcnt

may be detected unless the monitored output signal is greater than the minimum acceptable

value threshold.

(0039) In other embodiments o f the invention, a far field reference, such as belly patch

2 is provided outside the body of patient 11 (block 130). Of course, the far field reference

may be spaced apart from the body. Dislodgment may be detected by monitoring a location

of the navigational reference relative to the far field reference (block 140). If the positional

relationship between the navigational reference and the far field reference changes beyond a

preset threshold, one may conclude that the navigational reference has become dislodged

from the initial reference location. This may be accomplished, for example, by coupling both

the navigational reference nnd the far field reference to a circuit in order to generate an output

signal, which may be monitored for a signal that is indicative of the navigational reference

having dislodged from the initial reference location.

|0040) Preferably, the output signal generated above is a displacement vector of the

navigational reference relative to the far field reference. Typically, where the navigational

reference has not become dislodged from the initial reference location, the displacement

vector will be nominally 0 (that is, approximately {0, 0, 0)). However, as one of ordinary

skill in the art will recognize, there are error sources inherent in localization system 8,

especially across distances that typically exist between the navigational reference and the far

field reference, and it is desirable to account tor these error sources. One such error source is

DC or very low frequency drift. Accordingly, the output signal may be filtered with a high

pass filter (block 150) having a cutoff "frequency of about 0.01 1Iz, and more preferably about

0.001 Hz. Additional error sources are respiration, patient movement, and cardiac motion

(e.g., the beating of the heart 10), which lend to produce variations having frequency

components o f a fraction of I H/ in the case of respiration, to greater than I H2 with

hurmυnics ranging to several H/ for cardiac motion.. Accordingly, it may be desirable* to also

filter the output signal with a low pass filter (block 160) having a cutoff frequency of about

0.1 Hz to about .5 H/, and more preferable about 0.15 Hz, and it may be desirable to include

a respiration compensation value as described above (block 170). The filtered output signal



(block 180) may be monitored for αsignal thui is indicative of the navigational reference

having dislodged from the reference location. As described above, it is desirable that the

filtered output signal be a displacement vector that is approximately 0; thus, the filtered

output signal may be monitored for a signal with an absolute amplitude that is above a

dislodgement threshold (block 190). If such a signal is detected, the user (e.g., a physician or

clinician) may he warned (block 200), for example with an audible alarm, a visual cue, or a

both an uudible alarm and αvisual cue.

|0041) In addition to providing automatic dislodgement detection, the present invention

also provides dislodgement mitigation or correction. Typically, dislodgement mitigation

involves the user (e.g., a physician) repositioning the navigational reference to the initial

reference location, thereby re-establishing the original coordinate system. In some

embodiments of the invention, it is indeed contemplated that the user may be provided with

guidance, such as positional feedback of the navigational reference or a graphic depiction of

the dislodged location of the navigational reference relative to the initial reference location

(block 240), to assist the user in repositioning and securing the navigational reference to the

initial reference location. It is also contemplated that, upon detecting a dislodgement, a

computer may be utilized to control a servo mechanism, such as that disclosed in United

Stutcs application no. ) 1/647,300, filed 29 December 2006, which is hereby incorporated by

reference as though fully set forth herein, to reposition and secure the navigational reference

to the initial reference location.

(0042] Occasionally, however, the navigational reference will reestablish itself in a new,

stable position alter dislυdgement from the initial reference location. If this occurs, it is not

necessary to reposition and secure the navigational reference to the initial reference location.

Rather, the new dislodged (or posi-dislodgemem) location of the navigational reference may

be used to define the origin of a new coordinate system. Thus, after determining the post-

dislodgcment locution of the navigational reference, a reference adjustment (e.g.. a coordinate

transformation) may be calculated that relates the original coordinate system (thai is. the

coordinate system having an origin at the initial reference location) to the new coordinate

system (that is, the coordinate system having an origin at the post-dislodgement location),

thereby compensating for the movement of the navigational reference from the initial

reference location to the dislodged location (block 210). The location of roving electrode 17

may be measured relative to the new coordinate system, and, by applying the reference

adjustment (block 220), the location of roving electrode 17 may be defined relative to the



original coordinate system such ihat all location information data for roving electrode 17 may

be expressed relative to the original coordinate system having the initial reference location as

its reference point (block 230).

(0043| It is contemplated that roving electrode 17 may also be utilized to measure

clccirophysiology information on the surface of heart 10, including, without limitation,

voltages, impedances, and complex fractionated electrogram (CFE) information, such as

discussed in United States application no. 11/647,276, filed 29 December 2006, which is

hereby incorporated by reference as though fully set forth herein. Electrophysiology

information may also be measured by the navigational reference, such as reference electrode

31. Since reference electrode 3 1and roving electrode 17 are proximate each other, they will

experience common noise signals, such as those generated by patient motion, respiration, and

cardiac motion. Advantageously, by simultaneously measuring etcctrophysiology

information at both roving electrode 17 end reference electrode 3 1. the output of roving

electrode 17 may be adjusted by compensating for at least one signal that is common to both

roving electrode 17 and reference electrode 3 1, for example by subtracting the output from

reference electrode 3 1 from the output from roving electrode 17 according to the principle of

common mode rejection.

(0044J Although several embodiments of this invention have been described above with

αcertain degree of particularity, those skilled in the an could make numerous alterations to

the disclosed embodiments without departing from the spirit or scope of this invention. For

example, though electrode 3 1 has been described as the initial reference location, one of

ordinary skill in the an will recognize that all suitable navigational references, including,

without limitation, magnetic coil sensors, may be utilized instead of or in addition to

electrode 3 1 without departing from the spirit and scope of the present invention, hunher,

though belly patch 2 1has been described as the far field reference, one of ordinary skill in the

art will rccogni7e that any suitable reference located outside the patient's body at an external

reference location may be utilized as the far field reference.

|0045] All directional references (e.g., upper, lower, upward, downward, left, right,

leftward, rightward, top, bottom, above, below, vertical, horizontal, clockwise, and

counterclockwise) ore only used tor identification purposes to aid the reader's understanding

of the present invention, 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) arc to be construed broadly and may include intermediate members between a



connection of elements and relative movement between elements. As such, joinder

references do not necessarily infer that two elements arc directly connected and in fixed

relation to each other.

[0046] It is intended that all matter contained in the above description or shown in the

accompanying drawings .shall be interpreted as illustrative only and not limiting. Changes in

detail or structure may be made without departing from the spirit of the invention as defined

in the appended claims.



CLAIMS

What is claimed is:

1. Λ method of tracking a position of a catheter within a patient's body comprising:

securing a navigational reference at an initial reference location within a patient's

body;

defining the initial reference location as a reference point for a coordinate system for

locating positions of points in space;

providing a moving electrode within the patient's body;

determining a location of the moving electrode and providing location information

data for the moving electrode, said location information data comprising position information

that defines the location of the moving electrode in the coordinate system that uses the initial

reference location as its reference point;

monitoring for a dislodgemem of the navigational reference from the initial reference

location; and

generating a signal indicating that the navigational reference has dislodged from the

initial reference location.

2. The method of claim 1 further comprising:

providing guidance to a user to help re-position and secure the navigational reference

to the initial reference location.

3. The method of claim I further comprising:

using a computer to control a servo-controlled catheter to re-position and secure the

navigational reference to the initial reference location.

4. The method of claim I further comprising:

determining a location of the navigational reference after it has dislodged from the

initial reference location;



calculating a reference udjustment to compensate for the navigational reference

having changed positions from the initial reference location to the post dislodgement location

of the navigational reference;

determining a location of the moving electrode after dislodgement of the navigational

reference; and

using the reference adjustment to generate location information data for the moving

electrode, the location information data comprising position information that defines the

location of the moving electrode with reference to the coordinate system that uses the initial

reference location as its reference point.

5. The method of claim I wherein the moving electrode includes a first measurement

electrode to measure clectrophysiology information and wherein the navigational reference

includes a second measurement electrode to measure electrophysiology information, the

method further comprising:

simultaneously taking electrophysiology measurements using each of the first and

second measurement electrodes and adjusting the output of the first measurement electrode

by compensating for at least one signal that is common to each of the first and second

measurement electrodes

6. The method of claim I wherein the step of monitoring for a dislodgement comprises:

monitoring a velocity of the navigational reference and generating a signal indicating

dislodgement when the velocity υf the navigational reference exceeds a preset dislodgement

threshold.

7. The method of claim I wherein the step of monitoring for a dislodgement comprises:

coupling the navigational reference to a circuit to generate an output signal;

monitoring the output signal for an increase above a threshold indicative of the

navigational reference having dislodged from the initial reference location.

8. The method of claim I further comprising:

providing a far field reference outside the patient's body:



wherein the step or monitoring for a dislodgement comprises:

monitoring a location of the navigational reference relative to the far field reference

and generating a signal indicating dislodgement when u positional relationship between the

navigational reference and the far field reference changes beyond a preset threshold.

9. The method of claim 1 further comprising:

providing a far field reference outside the patient's body,

wherein the step of monitoring for a dislodgement comprises:

coupling the navigational reference and the far field reference to a circuit to generate

an output signal;

filtering the output signal with a high pass filter and a low pass filter to create a

filtered output signal; and

monitoring the filtered output signal for a signal that is indicative of the navigational

reference having dislodged from the initial reference location.

10. The method of claim 9 wherein the filtering step is accomplished using digital signal

processing to block signal components with frequencies below about 0.001 Hz and to block

signal components with frequencies above about 0.1 S Hz, and wherein the step of monitoring

the filtered output signal comprises:

monitoring the filtered output signal for a signal with an absolute amplitude that is

above a dislodgement threshold.

11. A method of measuring electrophysiology information using multiple electrodes,

comprising:

providing a localization system that determines locations of objects within a 3-D

space and generates location information data comprising position information;

securing a local reference at an internal reference location within a patient's body,

said local reference comprising a first measurement electrode;

providing a second measurement electrode within the patient's body:



using the localization system to determine a location of the second measurement

electrode and providing location information data for the second measurement electrode, said

locution information data comprising position information determined relative to the internal

reference location as a reference point;

taking clcctrophysiology measurements using each of the first and second

measurement electrodes and adjusting the output of the second measurement electrode by

compensating for at least one signal that is common to each of the first and second

measurement electrodes;

monitoring for a dislodgemcnt of the local reference from the internal reference

location; and

generating a signal indicating that the local reference has dislodged from the internal

reference location.

12. The method of claim 11wherein the electrυphysiolυgy measurements arc

simultaneously taken using each of the first and second measurement electrodes.

13. 'Che method of claim 11 further comprising:

determining a dislodged location of the local reference after it has dislodged from the

internal reference location; and

calculating an adjustment to compensate for a change in locations between the

internal reference location and the dislodged location.

14. ' fhe method of claim 1 further comprising:

determining a location of the second measurement electrode and generating location

information data for the second measurement electrode, suid location information data

comprising position information determined relative to the internal reference location as a

reference point, said position information being generated based on the local reference having

changed positions from the internal reference location to the dislodged location of the local

reference.

5S. The method of claim 11 further comprising:



providing guidance to a user to help re-position and secure the first measurement

electrode to the Internal re/erence locution.

16. lite method of claim 11 wherein the step of monitoring for a dislodgement comprises:

providing a far field reference outside the patient's body at an external reference

location;

coupling the lυcui reference and the far field reference to a circuit to generate an

output signal;

filtering the output signal with a high pass filter and a low pass filter to create a

filtered output signal; and

monitoring the filtered output signal for a signal that is indicative of the local

reference having dislodged from the internal reference location.

17. The method of claim 16 wherein the high pass filter blocks signal components with

frequencies below about 0.001 Hz and the low pass filter blocks signal components with

frequencies above about 0.15 Hz, and wherein the step of monitoring the filtered output

signal comprises:

monitoring the filtered output signal tor a signal with an absolute amplitude that is

above a dislodgement threshold.



18. A system for measuring electrophysiology information using multiple electrodes,

comprising:

a localization system that determines locations of objects within a 3-D space and that

generates location information data comprising position information determined relative to at

least one reference;

a local reference that can be secured at an internal reference location within a patient's

body, said local reference comprising a first measurement electrode that generates a first

measurement signal;

a far field reference that can be secured at an external reference location outside the

patient's body;

a second measurement electrode that can be placed within the patient's body, said

second measurement electrode generating a second measurement signal:

a common mode processor to take electrophysiology measurements using each of the

first and second measurement electrodes and to adjust the output of the second measurement

electrode by removing at least one signal component that is common to each of the first and

second measurement signals;

an output processor coupled to the localization system that determines a location of

the second measurement electrode and provides location information data for the second

measurement electrode, said location information data comprising position information

determined relative to the internal reference location as a reference point; and

a controller that monitors for dislodgement of the local reference from the internal

reference location and that generates a signal indicating that the local reference has dislodged

from the internal reference location.

19. The system of claim 18 further comprising a servo mechanism to reposition and

secure said local reference to the internal reference location.

20. The system of claim 18 further comprising an adjustment processor to determine a

dislodged location of said local reference alter said local reference has dislodged from the



internal reference locution and to calculate a reference adjustment that compensates Tor said

local reference having moved from the internal reference location to the dislodged location.

21. The system according to claim ) further comprising a filtering circuit including a

high pass filter and a low pass filter, wherein said filtering circuit outputs a filtered signal,

and wherein said controller monitors said filtered signal for an indication of dislodgement of

the local reference from the internal reference location.

22. A method of tracking a position of a catheter within a patient's body comprising:

securing a navigational reference at an initial reference location within a patient's

body;

providing a moving electrode within the patient's body;

determining a location of the moving electrode and providing location information

data for the moving electrode, said location information data comprising position information

that defines the location of the moving electrode in a coordinate system that uses the initial

reference location as a reference point;

monitoring for a dislodgement of the navigational reference from the initial reference

location; and

generating a signal indicating that the navigational reference has dislodged from the

initial reference location.







INTERNATIONALSEARCH REPORT International application No.

PCT/US 07/88675

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61B 5/05 (2008.01)
USPC - 600/424

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) A61B 5/05 (2008.01)
USPC: 600/424

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
US 600/424

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Electronic Databases Searched: PubWEST(USPT;PGPB;EPAB;JPAB); Google Scholar; Google Patents, Google
Search Terms Used: repositions, positioπ$, reference, point, electrodS, original, navigation, surgical, medical, displacS, dislodge$, guid$,
indicat$, alert$, alarm$, notify$, mapping, tracking, visualization, origin, movemen

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2004/0254437 A 1 (Hauck et al.) 16 December 2004 (16.12.2004), para[0035]-[0039], 1-22
[0064], [0052], [0078]; Fig. 1

US 6,332,089 B 1 (Acker et al.) 18 December 2001 (18.12.2001 ), col 13, In 56-64; Fig. 8 1-22

US 2005/0203382 A 1 (Govari et al ) 15 September 2005 (15.09.2005); para[0126] 2, 3, 15, and 19

US 2006/0084863 A 1 (Kluzik et al.) 20 April 2006 (20.04.2006) 1- 22

US 2005/01 19639 A 1 (McCombs et al.) 02 June 2005 (02 06.2005) 1 - 22

I I Further documents are listed in the continuation of Box C. | |

• Special categories of cited documents "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not m conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance, the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance, the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published pπor to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

04 April 2008 (04.04.2008) 0 1
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn. ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450. Alexandria, Virginia 22313-1450

PCT Hβlpdeslc 571-272-4300
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)


	front-page
	description
	claims
	drawings
	wo-search-report

