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Description

[0001] The present invention relates generally to sys-
tems for mapping an electrode position within a body,
and more specifically to a system for superimposing an
electrically mapped location of one or more electrodes
onto a corresponding ultrasound image.

BACKGROUND OF THE INVENTION

[0002] The following background describes one con-
text in which embodiments of the present invention may
be practiced and should not be viewed as limiting the
scope of the present invention as set forth in the append-
ed claims.

[0003] Tachycardia is the condition of an accelerated
pulse rate. Natural tachycardia occurs in physical exer-
cise and emotional stress because of the sympathetic
nervous tone and increase of the circulatory catecho-
lamine concentration. The most important quality of nat-
ural tachycardia is the resultant increase in cardiac out-
put. Pathologic tachycardia results in impaired hemody-
namics, i.e. decreased cardiac output. The electrophys-
iology discriminates two major classes of tachycardia:
supra-ventricular and ventricular, as well as two major
classes of etiology: ectopic focuses and reentry phenom-
ena. The therapy of tachycardia is in principle either the
suppression of ectopic focuses orinterruption of the reen-
try pathway. The first approach is always the pharmaco-
therapy. Despite of the recent advances in electrophar-
macology, every antiarrhythmic drug is not effective in
every patient. Drugs also provoke side effects, which can
be hazardous to the patient. Therefore more invasive
modes of therapy must be considered like surgical treat-
ment and permanent implantation of an electrotherapy
device. One therapy of choice is cardiac ablation, which
is a semi-invasive interventional method.

[0004] Transvenous catheter ablation of cardiac con-
duction tissue is a low risk alternative to surgical ablation
to treat refractory supra-ventricular tachyarrhythmias.
Some positive results have also been achieved in the
treatment of ventricular tachycardia. The principal energy
source for catheter ablations is a DC energy pulse from
a standard defibrillator. In order to minimize the energy
for the purpose of safety, numerous modifications in de-
sign of the energy source as well as of the catheter have
been realized. In order to achieve the controllability of
the lesion size as well as to avoid hazardous shock wave,
the radiofrequency energy source has been introduced.
For the same reason, laser ablation fiber optic catheters
have been developed. The application of microwave en-
ergy is an alternative method, as well as ablation by
means of chemical agents.

[0005] One of the challenges to a clinician in perform-
ing an ablation procedure is the exact positioning of the
ablation electrode within the heart. The positioning is nor-
mally observed under of radiographic imaging. Limita-
tions of X-ray methods, however, include poor imaging

10

15

20

25

30

35

40

45

50

55

of soft tissues, i.e. papillary muscle, interventricular
septa, and so forth. As an alternative, ultrasonic imaging
is well suited for imaging of soft tissues. Ultrasonically
marked catheters and cardiac pacing leads have been
described in U.S. Pat. No. 4,697,595 (Breyer, et al.) and
in U.S. Pat. No. 4,706,681 (Breyer, et al.) respectively.
Such systems enable the echocardiography guidance of
the procedure for deploying a lead as well as the exact
localization of the lead tip. If an ultrasonic transducer
marks an ablation electrode, the exact position of the
ablation electrode can be identified. A system having an
ultrasonically marked cardiac ablation electrode wherein
the ultrasonic sensitivity characteristics may be either in
the same direction as the ablation field or in some other
direction is disclosed in U.S. Pat. No. 5,840,030 (Ferek-
Petric et al.). The system allows radial orientation of the
ultrasonically marked catheter as wells as directional field
ablation.

[0006] Electrophysiologists usually monitor the intrac-
ardiac potentials to confirm the proper position as well
as the proper contact of the electrode with the endocar-
dium. However, the intracardiac potential is discontinu-
ous being characterized with intrinsic deflection, which
is repetitive at the frequency of the heartbeats. Distinct
ST elevation caused by the injury current confirms the
pressure of the electrode to the cardiac muscle. Howev-
er, dislodgement may also occur anywhere within the
cardiac cycle while there is no intracardiac signal. Ultra-
sonic imaging of the cardiac tissues and an ultrasonically
marked ablation catheter allow the distance between the
tissue and the ablation electrode to be measured as dis-
closed in the above-referenced Ferek-Petric patent.
[0007] Although three-dimensional ultrasonic imaging
is available, the currently high cost of three-dimensional
systems generally prohibits widespread use. Therefore,
even with the assistance of ultrasonically marked cath-
eter, the catheter position is generally displayed in two
dimensions. The clinicianis required to envision the cath-
eter position in three-dimensions, which makes exact po-
sitioning of the catheter a challenge. Three dimensional
mapping systems have been proposed including the
mapping system and method disclosed in U.S. Pat. No.
5,697,377 (Wittkampf et al.). In this system, a catheter
is provided with at least one measuring electrode. A volt-
age is measured between the measuring electrode and
a reference electrode, which voltage signal has compo-
nents corresponding to three orthogonal current signals
applied to the patient substantially in the area to be
mapped, such as the heart. The three-dimensional loca-
tion of the catheter within the patient’'s body may be de-
termined from the measured voltage signal components.
This three-dimensional location may be represented rel-
ative toreference points on agraphic userinterface. With-
out an anatomical image, however, the clinician must still
envision the three-dimensional location of the catheter
with respect to the patient’'s anatomy.

[0008] The presentinvention provides a system as de-
fined in claim 1.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The following drawings are illustrative of partic-
ular embodiments of the invention and therefore do not
limit its scope, but are presented to assist in providing a
proper understanding of the invention. The drawings are
not to scale (unless so stated) and are intended for use
in conjunction with the explanations in the following de-
tailed description. The present invention will hereinafter
be described in conjunction with the appended drawings,
wherein like numerals denote like elements; and

Figure 1 is a schematic diagram of a system in ac-
cordance with one embodiment of the presentinven-
tion;

Figure 2 is a flow chart summarizing the salient steps
included in a method of using the described system;
Figure 3 is an schematic of a display of mapped cath-
eter points superimposed on a 2-D ultrasound image
according to one embodiment of the present inven-
tion;

Figure 4 is a flow chart providing an overview of steps
included in a calibration method; and

Figures 5A-C are schematics of two-dimensional
four-chamber echocardiogram views of a patient’s
heart in which two ultrasonically-marked reference
catheters have been placed.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] The following detailed description is exemplary
in nature and is not intended to limit the scope, applica-
bility, or configuration of the invention in any way. Rather,
the following description provides a practical illustration
for implementing exemplary embodiments of the inven-
tion.

[0011] Figure 1 is a schematic diagram of a mapping
system in accordance with an embodiment of the present
invention. The mapping system includes a measuring
catheter 10 which may be mapped in three dimensions
and used for delivering a medical therapy; a reference
catheter 36 used in a calibration procedure for aligning
ultrasound views and location mapping views; orthogo-
nally-arranged electrodes 30, 31, 32, 33, 34, and 35 de-
fining a local coordinate system of a mapping volume 8;
and an ultrasound scanning probe 24. The measuring
catheter 10, one or more reference catheters 36, orthog-
onally-arranged electrodes 30 through 35, and ultra-
sound scanning probe are coupled to appropriate com-
ponents included in the mapping system, specifically a
location mapping unit 16, an ultrasound imaging unit 18,
an optional electrophysiological mapping unit 20, an op-
tional therapy delivery unit 26, and an image display 22.
[0012] The anatomical volume of interest in a patient
is indicated as mapping volume 8, which may correspond
to a patient’s heart. Mapping volume 8illustrated in Figure
1is defined by orthogonal coordinates, X, Y,and Zwhere-
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in pairs of electrodes, 30 and 31, at locations X and X’,
32 and 33, at locations Y and Y’, and 34 and 35, at loca-
tions Z and Z’, such that signal sources included in cath-
eter location mapping circuitry 16 transmit a signal in
each of the three orthogonal directions through mapping
volume 8. Signal sources and measurement circuitry in-
cluded in location mapping unit 16 may correspond to
the mapping system disclosed in the previously-refer-
enced '377 patent (Wittkampf).

[0013] Figure 1 illustrates catheter 10, having an elon-
gated body, advanced into mapping volume 8. Catheter
10 may be a transvenous cardiac ablation catheter, the
system and methods described herein expected to be
particularly beneficial in cardiac ablation applications
wherein precise positioning of the ablation catheter is
critical to therapy success. However, the system and
methods described herein may be beneficial in a number
of other applications, particularly medical applications
wherein a catheter- or lead-based therapy, such as an
electrical therapy, a chemical or pharmacological thera-
py, or a genetic or other biological therapy, requires pre-
cise positioning of the catheter or lead delivering the ther-
apy.

[0014] As illustrated in Figure 1, catheter 10 includes
a measuring electrode 12 positioned at or near a distal
catheter tip 11 and a calibration electrode 14 spaced
apart, proximally, from electrode 12. Calibration elec-
trode 14, positioned at a known distance from measuring
electrode 12, is used in a calibration procedure for de-
termining coefficients in equations which define meas-
ured voltage signal components in the x, y and z direc-
tions as functions of the x, y, and z coordinate values for
the location of measuring electrode 12. Details regarding
the location mapping calibration procedure are provided
in the aforementioned '377 Wittkampf patent.

[0015] Although just two electrodes 12 and 14 are
shown for the sake of illustration, catheter 10 may further
include three, four or more electrodes, i.e. further includ-
ing electrodes 42, 44 and 46 illustrated in Figure 3, so
long as at least one electrode, i.e. measuring electrode
12, is included, preferably at or near the catheter tip 11,
and a pair of electrodes, i.e. electrodes 12 and 14, sep-
arated by a known distance is included for location map-
ping calibration purposes. Measuring electrode 12
serves as a mapping electrode for mapping the three
dimensional location of catheter tip 11 within mapping
volume 8 by measuring a signal between measuring elec-
trode 12 and areference electrode 15. Figure 1 illustrates
reference catheter 36 including reference electrode 15,
which is preferably anchored at a fixed location within
mapping volume 8.

[0016] Three electrical signals are applied at slightly
different frequencies or phases to respective orthogonal
electrode pairs 30 and 31, 32 and 33, and 34 and 35 by
location mapping unit 16. By adjusting a distinguishing
characteristic, such as phase or frequency, for each of
the three signals, a voltage signal measured between
measuring electrode 12 and reference electrode 15 can
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be separated out as respective x, y, and z signals. Know-
ing the calibration coefficients obtained previously in the
location mapping calibration procedure, the location of
measuring electrode 12 may be derived from the meas-
ured voltage signal in orthogonal coordinates. Other two-
or three-dimensional mapping techniques may be used
to derive the location of one or more electrodes or other
mapping elements located on catheter 10. Systems em-
ploying electrical signal measurements, such as current,
voltage, impedance, or the like, electromagnetic, acous-
tic or other energy signal measurements from mapping
elements positioned on a catheter may be substituted.
For example, locating or positioning techniques that may
be adapted for use with the present invention are dis-
closed in U.S. Pat. No. 5,944,022 issued to Nardella et
al., U.S. Pat. No. 5,042,486 issued to Pfeiler et al., U.S.
Pat. No. 6,104,944 issued to Martinelli, U.S. Pat. No.
5,879,297 issued to Haynor et al., or U.S. Pat. 6,226,543
issued to Gilboa et al.

[0017] Measuring electrode 12 may additionally be
used to measure cardiac depolarization signals for elec-
trophysiological mapping purposes. As such, catheter 10
may be further coupled to electrophysiological (EP) map-
ping unit 20 to allow three-dimensional EP mapping to
be performed using any of the catheter electrodes 12 and
14. Electrophysiological mapping apparatus and meth-
ods are known in the art.

[0018] When measuring catheter 10 is positioned as
desired, an ablation electric field may be generated via
electrode 12 to perform cardiac ablation under the control
of therapy delivery unit 26. Alternatively, separate abla-
tion and measuring electrodes for location and/or EP
mapping may be provided on catheter 10. As noted pre-
viously, in alternative embodiments therapy delivery unit
26 may be used to control the delivery of other types of
electrical or chemical therapies. Measuring catheter 10
thus serves as a therapy delivery catheter but is referred
to herein as the "measuring" catheter in contrast to the
"reference" catheter used for making location mapping
measurements.

[0019] Figure 1 further illustrates measuring catheter
10 including an ultrasonic marking transducer 13, located
in close proximity to electrode 12, and reference catheter
36 including a reference ultrasonic marking transducer
37 located in close proximity to reference electrode 15.
Ultrasound markers 13 and 37 may take the form of the
transducer assembly disclosed in the '030 Ferek-Petric
patent. Measuring catheter 10 and reference catheter 36
each generate an ultrasonic field via ultrasound markers
13 and 37 respectively. As such, measuring catheter 10
and reference catheter 36 are additionally coupled to ul-
trasound unit 8 to allow an ultrasound field to be gener-
ated in a desired direction. Ultrasound scans of a two-
dimensional plane within mapping volume 8 may be ac-
quired using an ultrasound probe 24, such as a trans-
esophageal probe, to obtain a two dimensional image of
the anatomy. An ultrasound scanning plane within map-
ping volume 8 is defined relative to a location mapping
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plane by means of ultrasound markers 13 and 37; arming
of ultrasound scanning planes with the location mapping
coordinate system, by alignment of an initial scanning
plane with a location mapping reference plane, is per-
formed in a calibration procedure to be described herein
below.

[0020] The presentinvention may be practiced with the
use of three-dimensional ultrasound scanning equipment
as it becomes more widely used, however, the benefits
of the present invention may be realized with the use of
a less costly two-dimensional ultrasound system, which
provides a two-dimensional anatomical view allowing an
operator to determine a distance between electrode 12
and a cardiac structure. Display 22, i.e. a GUI, illustrated
in Figure 1, merges the location mapping, anatomical
ultrasound image, and, optionally, EP mapping informa-
tion into a single visual image, preferably a video image,
to assist the operator in ascertaining a position of elec-
trode 12 relative to anatomical structures. Display 22 re-
ceives output from location mapping unit 16, ultrasound
unit 18, and optionally EP mapping unit 20. Display 22
preferably displays a three-dimensional image of cathe-
ter 10 as derived from location mapping measurements
performed by location mapping unit 16 superimposed on
a two- or three-dimensional anatomical image obtained
from ultrasound unit 18. The 3-D location mapping image
and 2-D or 3-D anatomical image may also be superim-
posed on a three-dimensional EP mapping image ob-
tained from EP mapping unit 20.

[0021] Figure 2 is a flow chart summarizing the salient
steps included in a method using the system according
to the invention. At step 105, a calibration procedure is
performed during which an ultrasound scanning plane
and a location mapping reference plane are aligned. The
reference plane coordinates within the local coordinate
system of the location mapping system are then deter-
mined so that a relative position between new ultrasound
scanning planes and the reference plane are known.
These reference plane coordinates are stored at step
115. A calibration method performed at step 105 for arm-
ing the ultrasound and location mapping planes will be
described in greater detail below.

[0022] At step 120, the position of measuring catheter
10 is adjusted, and then an ultrasound scan repeated at
step 125; a resulting ultrasound image is displayed on
the associated GUI or display 22 with a designated mark-
er, e.g. a flashing signal, indicating the location of ultra-
sound marker 13 when it is in the ultrasound scanning
plane. For each new ultrasound scan, the relative spatial
position of the location mapping reference plane is cal-
culated based on the stored relative coordinate system
determined during calibration (step130). At step 135, a
perspective grid, i.e. grid 48 illustrated in Figure 3, rep-
resenting the location mapping reference plane is dis-
played, superimposed on the new two-dimensional ultra-
sound image to indicate a spatial angle between the ul-
trasound scanning plane and the location mapping ref-
erence plane. Then, at step 138, measuring catheter
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electrode locations, i.e. for electrodes 12, 42, 44, and 46
illustrated in Figure 3, are mapped by the location map-
ping unit and marked relative to the reference plane co-
ordinates on the GUI using designated markers, e.g.
color-coded points. Steps 120 through 138 may be re-
peated until no further adjustments of the measuring
catheter position are required. Ablation energy or another
therapy may then be delivered at a selected site or sites.
[0023] Figure 3 is a schematic of a display of mapped
catheter points superimposed on a 2-D ultrasound im-
age. The display shows measuring catheter 10 having
been advanced into the left ventricle (LV) of the heart;
an ascending aorta (Ao) and a right ventricle (RV) are
also indicated. A flashing signal induced by ultrasound
marker 13 indicates the location of measuring electrode
12 and unique symbol shape or color is used to mark
locations of additional mapping electrodes 42, 44 and 46
included on measuring catheter 10. Grid 48 provides vis-
ualization of the location mapping reference plane, de-
termined during the calibration procedure, with respect
to the current ultrasound scanning plane; solid lines ex-
tending between the measuring electrode symbols and
the reference plane grid 48 provide 3-D perspective vis-
ualization of locations of measuring electrodes 12, 42,
44, and 46 with respect to the reference mapping plane,
while a dashed line joining the symbols indicates the ap-
proximate position of the catheter within the LV.

[0024] As measuring catheter 10 is advanced, ultra-
sound scans are repeated and, with each new ultrasound
scan, the location mapping reference plane may be vis-
ualized by displaying reference plane grid 48 relative to
the scanning plane. The relative angle between the ul-
trasound scan and the location mapping reference plane
is calculated based on calibration results obtained pre-
viously, as will be described below. The electrode loca-
tions are then mapped and displayed relative to the ref-
erence plane grid 48, superimposed on the ultrasound
image.

[0025] Figure 4 is a flow chart providing an overview
of steps included in a calibration method 200 for aligning
three-dimensional location mapping catheter views with
two-dimensional ultrasound views in a super-imposed
image. Steps included in calibration method 200 are
shown generally divided between steps performed by an
operator, steps performed by an ultrasound unit included
in the mapping system, and steps performed using the
location mapping unit included in the mapping system.
Method 200 begins at step 215 wherein a reference cath-
eter and a measuring catheter are positioned in a map-
ping volume of interest. A three-dimensional view of the
measuring and reference electrodes is displayed at step
260 using location mapping techniques. As described in
conjunction with Figure 1, each of the reference catheter
and measuring catheter include at least one ultrasound
marker located adjacent to the reference electrode and
measuring electrode, respectively, used for performing
location mapping measurements. According to an alter-
nate embodiment, a single catheter is equipped with the
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measuring electrode and the reference electrode along
with associated ultrasound markers to define a common
plane between the location mapping world and the ultra-
sound imaging world.

[0026] In order to align a three-dimensional mapping
image and a two-dimensional ultrasound image, the two
electrodes and two ultrasound markers are positioned in
the mapping volume to thereby define a common plane
that may be identified by both the location mapping unit
and the ultrasound imaging unit. At step 220, the operator
performs an ultrasound scan of a plane within the map-
ping volume of interest, e.g. the heart. Atwo-dimensional
ultrasound image is displayed at step 225 by image
processing circuitry included in the ultrasound unit. The
image processing circuitry determines if the at least two
ultrasound markers are present in the ultrasound image
at decision step 230. If not, the operator adjusts the ul-
trasound probe position at step 235 and returns to step
220 to perform a new scan. This process (steps 220
through 235) is repeated until both ultrasound markers
are displayed in a single ultrasound image plane. Once
the scanning plane defined by the two ultrasound mark-
ers is found, a signal is generated at step 240 notifying
the operator so that he/she may maintain the ultrasound
probe position at step 245. An audible or visual signal
may be generated by the ultrasound unit to notify the
operator that both ultrasound markers are within the im-
aging plane.

[0027] At step 250, the scanning view is displayed in-
cluding a display of the two ultrasound markers, which
may be visualized by a flashing light or other distinguish-
ing icon. The scanning plane and the plane defined by
the measuring and reference electrodes are now aligned.
A small but expectedly acceptable error will be inherent
in the alignment of the two planes since the ultrasound
markers are not located in the exact same position as
the measuring and reference electrodes. To minimize
the calibration error, the ultrasound markers are prefer-
ably located as close as possible to the reference and
measuring electrodes on the reference and measuring
catheters, respectively.

[0028] Reference points defined by the reference and
measuring electrodes and ultrasound markers may thus
be registered inthe separate two-dimensional ultrasound
image and in the three-dimensional mapping image. As
such, at step 265, the ultrasound scanning plane and the
location mapping plane are armed together. The location
of the ultrasound makers, which approximately coincide
with the adjacent reference and measuring electrodes,
are registered within the location mapping image. An up-
dated three-dimensional image may be displayed at step
270 including individually identifiable markers indicating
the reference and measuring electrode and ultrasound
marker locations. At step 275, the coordinates of the
aligned scanning plane and location mapping reference
plane are calculated relative to the three-dimensional lo-
cation mapping coordinate world and stored within the
operating memory of the system. The ultrasound image
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and the three-dimensional mapping image are then su-
perimposed at step 280 to provide an integrated display
at step 295.

[0029] The calibration procedures are now complete
and the measuring catheter may be advanced within the
mapping volume as indicated by step 290. New ultra-
sound scans (298) and location mapping images (290)
are superimposed in the integrated display (295) as the
catheter is advanced to a desired location. As described
above in conjunction with Figure 3, each updated display
includes a reference grid indicating the angular position
of the location mapping reference plane relative to the
new ultrasound scanning plane and the measuring elec-
trode locations are indicated by distinctive symbols or
icons.

[0030] Figures 5A-C are schematics of two-dimension-
al four-chamber echocardiogram views of a patient’s
heart in which two ultrasonically-marked reference cath-
eters have been placed. In Figure 5A, the left ventricle
304, right ventricle 306, left atrium 305 and right atrium
307 are shown in a two-dimensional echocardiography
scanning plane. A motor 301 is used to rotate the ultra-
sonic scanner probe 302. In the view shown in Figure
5A, the ultrasound marker 13 located on measuring cath-
eter 10 is visible as indicated by a flashing signal or other
symbol or icon displayed in right ventricle 306. An oper-
ator can tilt the scanning probe 302 in order to change
the angular orientation of scanning plane 303 relative to
the patient’s body surface. At a certain angular and polar
position of scanner probe 302, both ultrasound markers
13 and 37 will appear in scanning plane 303 as shown
in Figure 5C. In a preferred configuration, the ultrasound
unit includes processing methods within image process-
ing circuitry for detecting the appearance of two ultra-
sound markers within the image. When both ultrasound
markers are detected, a signal is generated to alert the
operator to maintain the probe 302 position and com-
mence with mapping of relevant points, corresponding
to the catheter electrodes, by the location mapping unit
as described above in conjunction with method 200
shown in Figure 4.

[0031] The calibration method 200 shown in Figure 4
may also be applied in mapping systems including three-
dimensional ultrasound imaging of the mapping volume.
To obtain athree-dimensional image, the scanning plane
303 (Figures 5A through 5C) is rotated 180 degrees on
the probe 302 axis. By arming the ultrasound scanning
plane and location mapping image plane together at one
ultrasound scanning plane that includes at least two ul-
trasound markers, the ultrasound and location mapping
images may be integrated. The superimposed display of
the three-dimensional ultrasound image and the location
mapping image can be updated as new three-dimension-
al ultrasound views are obtained and/or the measuring
catheter is advanced. The three-dimensional location
mapping image including the distinctive symbols for each
measuring electrode present may be observed moving
through the three-dimensional ultrasound image. Display
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of a reference plane grid, as shown in Figure 3, is not
necessary for indicating the relative position of the ultra-
sound scanning plane to the reference plane since both
the mapping image and the ultrasound image are dis-
played in three dimensions.

[0032] Thus, a mapping system has been described
wherein a mapped location of one or more electrodes
within an electrical mapping volume is superimposed on
an ultrasound image corresponding to the mapping vol-
ume. The detailed descriptions provided herein are in-
tended to be illustrative, not limiting, with regard to the
following claims.

Claims

1. A medical system for superimposing an electrically
mapped location of one or more electrodes onto a
corresponding ultrasound image, comprising:

a measuring electrode (12);

an ultrasound marking transducer (13) located
in close proximity to the measuring electrode;
a calibration electrode (14) spaced apart from
the measuring electrode;

a reference electrode (15) spaced apart from
the measuring electrode and the calibration
electrode;

a reference ultrasound marking transducer (37)
located in close proximity to the reference elec-
trode;

a plurality of orthogonally-arranged electrodes
(30-35) for defining a local coordinate system of
the mapping volume;

a location mapping unit (16) adapted to define
the mapping volume and to locate the measuring
electrode within the mapping volume; and

an ultrasound unit (18) adapted to generate an
image of a patient’'s anatomy; and

a display unit (22) adapted to receive data from
the location mapping unit and from the ultra-
sound unit and to superimpose the location of
the measuring electrode onto the ultrasound im-
age;

wherein, during use of the system, the relative
location of a reference plane in the mapping vol-
ume with respect to the ultrasound image is es-
tablished by aligning an initial ultrasound scan-
ning plane with the location mapping reference
plane by means of the ultrasound marking trans-
ducer and the reference ultrasound marking
transducer.

2. The mapping system of claim 1, wherein the meas-
uring electrode (12), the ultrasound marking trans-
ducer (13) and the calibration electrode (14) are all
included on a single elongated medical device (10).
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The mapping system of claim 1 or 2, wherein the
measuring electrode (12) is further adapted for de-
livering ablation energy.

The mapping system of claim, 1, 2 or 3, further com-
prising one or more additional measuring electrodes.

The mapping system of claim 1, wherein the meas-
uring electrode (12) and the ultrasound marking
transducer (13) are both included on a single elon-
gated medical device (10) and the measuring elec-
trode and the transducer are aligned with one anoth-
er along a longitudinal axis of the said medical de-
vice.

Patentanspriiche

1.

Medizinisches System zum Uberlagern eines elek-
trisch abgebildeten Ortes einer oder mehrerer Elek-
troden mit einem entsprechenden Ultraschallbild,
das enthalt:

eine Messelektrode (12);

einen Ultraschallmarkierungswandler (13), der
sich sehr nahe bei der Messelektrode befindet;
eine Kalibrierungselektrode (14), die von der
Messelektrode beabstandet ist;

eine Referenzelektrode (15), die von der Mes-
selektrode und der Kalibrierungselektrode be-
abstandet ist;

einen Referenz-Ultraschallmarkierungswandler
(37), der sich sehr nahe bei der Referenzelek-
trode befindet;

mehrere zueinander senkrecht angeordnete
Elektroden (30-35), um ein lokales Koordinaten-
system des Abbildungsvolumens zu definieren;
eine Ortsabbildungseinheit (16), die dafiir aus-
gelegtist, das Abbildungsvolumen zu definieren
und die Messelektrode in dem Abbildungsvolu-
men zu lokalisieren; und

eine Ultraschalleinheit (18), die daflr ausgelegt
ist, ein Bild der Anatomie eines Patienten zu er-
zeugen; und

eine Anzeigeeinheit (22), die daflir ausgelegt ist,
Daten von der Ortsabbildungseinheit und von
der Ultraschalleinheit zu empfangen und den
Ort der Messelektrode mit dem Ultraschallbild
zu Uberlagern;

wobei wahrend der Verwendung des Systems
der relative Ort einer Referenzebene in dem Ab-
bildungsvolumen in Bezug auf das Ultraschall-
bild durch Ausrichten einer anfanglichen Ultra-
schallabtastebene auf die Ortsabbildungsrefe-
renzebene mittels des Ultraschallmarkierungs-
wandlers und des Referenz-Ultraschallmarkie-
rungswandlers gebildet wird.
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Abbildungssystem nach Anspruch 1, wobei die Mes-
selektrode (12), der Ultraschallmarkierungswandler
(13) und die Kalibrierungselektrode (14) séamtlich in
einer einzigen lang gestreckten medizinischen Vor-
richtung (10) enthalten sind.

Abbildungssystem nach Anspruch 1 oder 2, wobei
die Messelektrode (12) ferner dafiir ausgelegt ist,
Ablationsenergie zu liefern.

Abbildungssystem nach Anspruch 1, 2 oder 3, das
ferner eine oder mehrere zusatzliche Messelektro-
den enthalt.

Abbildungssystem nach Anspruch 1, wobei sowohl
die Messelektrode (12) als auch der Ultraschallmar-
kierungswandler (13) in einer einzigen lang ge-
streckten medizinischen Vorrichtung (10) enthalten
sind und die Messelektrode und der Wandler langs
einer Langsachse dieser medizinischen Vorrichtung
aufeinander ausgerichtet sind.

Revendications

Systéme médical pour superposer un emplacement
mappé électriquementd’'une ou plusieurs électrodes
sur une image a ultrasons correspondante
comportant :

un transducteur de marquage a ultrasons (13)
positionné a proximité étroite de I'électrode de
mesure ;

une électrode d’étalonnage (14) espacée de
I'électrode de mesure ;

une électrode de référence (15) espacée de
I'électrode de mesure et de [Iélectrode
d’étalonnage ;

un transducteur de marquage a ultrasons de ré-
férence (37) positionné a proximité étroite de
I'électrode de référence ;

une pluralité d’électrodes agencées orthogona-
lement (30-35) pour définir un systéme de coor-
données locales du volume de mappage ;

une unité de mappage d’emplacement (16)
adaptée pour définir le volume de mappage et
pour localiser I'électrode de mesure dans le vo-
lume de mappage ; et

une unité a ultrasons (18) adaptée pour générer
une image d’'une anatomie d’un patient ; et
une unité d’affichage (22) adaptée pour recevoir
des données en provenance de l'unité de map-
page d’emplacement et en provenance de I'uni-
té a ultrasons et pour superposer 'emplacement
de [lélectrode de mesure sur limage a
ultrasons ;

dans lequel, pendant I'utilisation du systéeme,
I'emplacement relatif d’'un plan de référence
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dans le volume de mappage par rapport a I'ima-
ge a ultrasons est établi en alignant un plan de
balayage a ultrasons initial avec le plan de ré-
férence de mappage d’emplacement par l'inter-
médiaire du transducteur de marquage a ultra-
sons et du transducteur de marquage a ultra-
sons de référence.

Systeme de mappage selon la revendication 1, dans
lequel I'électrode de mesure (12), le transducteur de
marquage a ultrasons (13) et I'électrode étalonnage
(14) sont tous inclus sur un dispositif médical allongé
unique (10).

Systeme de mappage selon la revendication 1 ou 2,
dans lequel I'électrode de mesure (12) est en outre
adaptée pour délivrer une énergie d’ablation.

Systeme de mappage selon la revendication 1, 2 ou
3, comportant en outre une ou plusieurs électrodes
de mesure supplémentaires.

Systeme de mappage selon la revendication 1, dans
lequel I'électrode de mesure (12) et le transducteur
de marquage a ultrasons (13) sont tous les deux
inclus sur un dispositif médical allongé unique (10)
et I'électrode de mesure et le transducteur sont ali-
gnés l'unsurl’autre le long d’'un axe longitudinal dudit
dispositif médical.
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