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Description

TECHNICAL FIELD

[0001] The present disclosure pertains to medical de-
vices, and methods for manufacturing medical devices.
More particularly, the present disclosure pertains to elon-
gated intracorporeal medical devices including a tubular
member connected with other structures, and methods
for manufacturing and using such devices.

BACKGROUND

[0002] A wide variety of intracorporeal medical devices
have been developed for medical use, for example, in-
travascular use. Some of these devices include
guidewires, catheters, and the like. These devices are
manufactured by any one of a variety of different manu-
facturing methods and may be used according to any
one of a variety of methods. Of the known medical de-
vices and methods, each has certain advantages and
disadvantages. There is an ongoing need to provide al-
ternative medical devices as well as alternative methods
for manufacturing and using medical devices.
[0003] Document WO2006/066324A1 discloses de-
vices for cardiac mapping using matched patterns of an
ECG signal.

BRIEF SUMMARY

[0004] This disclosure provides design, material, man-
ufacturing method, and use alternatives for medical de-
vices. A medical device is disclosed. The medical device
according to the invention is defined by independent
claim 1. Further embodiments are defined by dependent
claims 2-15.

BRIEF DECRIPTION OF THE DRAWINGS

[0005] The disclosure may be more completely under-
stood in consideration of the following detailed descrip-
tion in connection with the accompanying drawings, in
which:

FIG. 1 is a schematic view of an embodiment of a
catheter system for accessing a targeted tissue re-
gion in the body for diagnostic and therapeutic pur-
poses.
FIG. 2 is a schematic view of an embodiment of a
mapping catheter having a basket functional ele-
ment carrying structure for use in association with
the system of FIG. 1.
FIG. 3 is a schematic view of an embodiment of the
basket functional element including a plurality of
mapping electrodes.
FIG. 4 is a schematic view of an example dominant
rotor signal pattern extending across three vector
field patterns.

FIGS. 5a-5c are example schematic illustrations of
cellular activation vector arrows representing cellular
activation wavefront propagation.

[0006] While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, how-
ever, that the intention is not to limit the invention to the
particular embodiments described. On the contrary, the
intention is to cover all modifications, equivalents, and
alternatives falling within the scope of the invention as
defined by the appended claims.

DETAILED DESCRIPTION

[0007] For the following defined terms, these defini-
tions shall be applied, unless a different definition is given
in the claims or elsewhere in this specification.
[0008] All numeric values are herein assumed to be
modified by the term "about," whether or not explicitly
indicated. The term "about" generally refers to a range
of numbers that one of skill in the art would consider
equivalent to the recited value (i.e., having the same func-
tion or result). In many instances, the terms "about" may
include numbers that are rounded to the nearest signifi-
cant figure.
[0009] The recitation of numerical ranges by endpoints
includes all numbers within that range (e.g. 1 to 5 includes
1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).
[0010] As used in this specification and the appended
claims, the singular forms "a", "an", and "the" include plu-
ral referents unless the content clearly dictates other-
wise. As used in this specification and the appended
claims, the term "or" is generally employed in its sense
including "and/or" unless the content clearly dictates oth-
erwise.
[0011] It is noted that references in the specification to
"an embodiment", "some embodiments", "other embod-
iments", etc., indicate that the embodiment described
may include one or more particular features, structures,
and/or characteristics. However, such recitations do not
necessarily mean that all embodiments include the par-
ticular features, structures, and/or characteristics. Addi-
tionally, when particular features, structures, and/or char-
acteristics are described in connection with one embod-
iment, it should be understood that such features, struc-
tures, and/or characteristics may also be used connec-
tion with other embodiments whether or not explicitly de-
scribed unless clearly stated to the contrary.
[0012] The following detailed description should be
read with reference to the drawings in which similar ele-
ments in different drawings are numbered the same. The
drawings, which are not necessarily to scale, depict illus-
trative embodiments and are not intended to limit the
scope of the invention.
[0013] Mapping the electrophysiology of heart rhythm
disorders often involves the introduction of a constellation
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catheter or other mapping/sensing device having a plu-
rality of sensors into a cardiac chamber. The sensors
detect the electric activity of the heart at sensor locations.
It may be desirable to have the electric activity processed
into and displayed as electrogram signals that accurately
represent cellular excitation through cardiac tissue rela-
tive to the sensor locations. A processing system may
then analyze and output the signal to a display device.
The physician may use the displayed information to per-
form a diagnostic procedure. However, in some cases
the sensing electrodes may fail to accurately detect elec-
trical activity of heart. For example, the sensors may fail
entirely to detect a signal or they may detect far-field elec-
trical activity and/or electrical artifacts.
[0014] The processing system may be configured to
detect a variety of activation signals generated by the
electrical activity of the myocardial tissue and sensed by
adjacent electrodes. However, a relatively limited
number of electrodes on a constellation catheter or other
mapping/sensing device may limit the resolution of the
activation pattern sensing. Therefore, it may be desirable
to reduce the total number of electrodes and/or the spac-
ing between electrodes and collect electrical signal data
from smaller, focused cardiac locations. Further, reduc-
ing the distance between electrodes may allow for the
collection of high-resolution data. However, this high-res-
olution data may only be collected from small, localized
cardiac regions. The methods and systems disclosed
herein are designed to overcome at least some of the
limitations of low-resolution standard activity mapping.
For example, some of the methods disclosed herein may
include collecting and combining high-resolution data
from localized regions to create high-resolution maps of
cardiac chambers. Other methods and medical devices
are also disclosed.
[0015] FIG. 1 is a schematic view of a system 10 for
accessing a targeted tissue region in the body for diag-
nostic and/or therapeutic purposes. FIG. 1 generally
shows the system 10 deployed in the left atrium of the
heart. Alternatively, system 10 can be deployed in other
regions of the heart, such as the left ventricle, right atrium,
or right ventricle. While the illustrated embodiment shows
the system 10 being used for ablating myocardial tissue,
the system 10 (and the methods described herein) may
alternatively be configured for use in other tissue ablation
applications, such as procedures for ablating tissue in
the prostrate, brain, gall bladder, uterus, nerves, blood
vessels and other regions of the body, including body
regions not typically accessed by a catheter.
[0016] The system 10 may include a mapping probe
14 and an ablation probe 16. In FIG. 1, each is separately
introduced into the selected heart region 12 through a
vein or artery (e.g., the femoral vein or artery) through
suitable percutaneous access. Alternatively, the map-
ping probe 14 and ablation probe 16 may be assembled
in an integrated structure for simultaneous introduction
and deployment in the heart region 12.
[0017] The mapping probe 14 may have a flexible cath-

eter body 18. The distal end of the catheter body 18 may
carry a three-dimensional multiple electrode structure 20.
In the illustrated embodiment, the structure 20 takes the
form of a basket defining an open interior space 22 (see
FIG. 2), although other multiple electrode structures
could be used wherein the geometry of the electrode
structure and electrode locations may be known. The
multiple electrode structure 20 carries a plurality of map-
ping electrodes 24 (not explicitly shown on FIG. 1, but
shown on FIG. 2) each having an electrode location and
channel. Each electrode 24 may be configured to sense
intrinsic physiological activity in the anatomical region.
In some embodiments, the electrodes 24 may be config-
ured to detect activation signals of the intrinsic physio-
logical activity within the anatomical structure, e.g., the
activation times of cardiac activity.
[0018] The electrodes 24 may be electrically coupled
to a processing system 32. A signal wire (not shown) may
be electrically coupled to each electrode 24 on the basket
structure 20. The wires extend through the body 18 of
the probe 14 and electrically couple each electrode 24
to an input of the processing system 32, as will be de-
scribed later in greater detail. The electrodes 24 sense
intrinsic electrical activity in the anatomical region, e.g.,
myocardial tissue. The sensed activity, e.g. activation
signals, is processed by the processing system 32 to
assist the physician by generating an anatomical map,
e.g., a vector field map, to identify the site or sites within
the heart appropriate for a diagnostic and/or treatment
procedure, e.g. an ablation procedure. For example, the
processing system 32 may identify a near-field signal
component, i.e. activation signals originating from cellu-
lar tissue adjacent to the mapping electrode 24, or from
an obstructive far-field signal component, i.e. activation
signals originating from non-adjacent tissue. For exam-
ple, the near-field signal component may include activa-
tion signals originating from atrial myocardial tissue
whereas the far-field signal component may include ac-
tivation signals originating from ventricular myocardial
tissue. The near-field activation signal component may
be further analyzed to find the presence of a pathology
and to determine a location suitable for ablation for treat-
ment of the pathology, e.g., ablation therapy.
[0019] The processing system 32 includes dedicated
circuitry (e.g., discrete logic elements and one or more
microcontrollers; application-specific integrated circuits
(ASICs); or specially configured programmable devices,
such as, for example, programmable logic devices
(PLDs) or field programmable gate arrays (FPGAs)) for
receiving and/or processing the acquired activation sig-
nals. In some embodiments, the processing system 32
includes a general purpose microprocessor and/or a spe-
cialized microprocessor (e.g., a digital signal processor,
or DSP, which may be optimized for processing activation
signals) that executes instructions to receive, analyze
and display information associated with the received ac-
tivation signals. In such implementations, the processing
system 32 can include program instructions, which when
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executed, perform part of the signal processing. Program
instructions can include, for example, firmware, microc-
ode or application code that is executed by microproc-
essors or microcontrollers. The above-mentioned imple-
mentations are merely exemplary. Other program in-
structions are contemplated.
[0020] In some embodiments, the processing system
32 may be configured to measure the intrinsic electrical
activity in the myocardial tissue adjacent to the electrodes
24. For example, in some embodiments, the processing
system 32 is configured to detect intrinsic electrical ac-
tivity associated with a dominant rotor or divergent acti-
vation pattern in the anatomical feature being mapped.
For example, dominant rotors and/or divergent activation
patterns may have a role in the initiation and maintenance
of atrial fibrillation, and ablation of the rotor path, rotor
core, and/or divergent foci may be effective in terminating
the atrial fibrillation. In either situation, the processing
system 32 processes the sensed activation signals to
generate a display of relevant characteristics, such as
an APD map, a vector field map, a contour map, a relia-
bility map, an electrogram, a cardiac action potential and
the like. The relevant characteristics may be used by the
physician to identify a site suitable for ablation therapy.
[0021] The ablation probe 16 may include a flexible
catheter body 34 that carries one or more ablation elec-
trodes 36. The one or more ablation electrodes 36 may
be electrically connected to a radio frequency generator
(RF) 37 that may be configured to deliver ablation energy
to the one or more ablation electrodes 36. The ablation
probe 16 may be movable with respect to the anatomical
feature to be treated, as well as the structure 20. The
ablation probe 16 may be positionable between or adja-
cent to electrodes 24 of the structure 20 as the one or
more ablation electrodes 36 are positioned with respect
to the tissue to be treated.
[0022] The processing system 32 may output to a de-
vice 40 the display of relevant characteristics for viewing
by a physician. In the illustrated embodiment, device 40
is a CRT, LED, or other type of display, or a printer. The
device 40 may present the relevant characteristics in a
format most useful to the physician. In addition, the
processing system 32 may generate position-identifying
output for display on the device 40 that aids the physician
in guiding the ablation electrode(s) 36 into contact with
tissue at the site identified for ablation.
[0023] FIG. 2 illustrates an embodiment of the mapping
catheter 14 including electrodes 24 at the distal end and
may be suitable for use in the system 10 shown in FIG.
1. The mapping catheter 14 has a flexible catheter body
18, the distal end of which carries the three dimensional
structure 20 configured to carry the mapping electrodes
or sensors 24. The mapping electrodes 24 sense intrinsic
electrical activity, e.g., activation signals, in the myocar-
dial tissue, the sensed activity is then processed by the
processing system 32 to assist the physician in identify-
ing the site or sites having a heart rhythm disorder or
other myocardial pathology via generated and displayed

relevant characteristics. This information may be used
to determine an appropriate location for applying appro-
priate therapy, such as ablation, to the identified sites,
and/or to aid in navigation of the one or more ablation
electrodes 36 to the identified sites.
[0024] The illustrated three-dimensional structure 20
comprises a base member 41 and an end cap 42 between
which flexible splines 44 generally extend in a circumfer-
entially spaced relationship. As discussed above, the
three dimensional structure 20 takes the form of a basket
defining an open interior space 22. In some embodi-
ments, the splines 44 are made of a resilient inert mate-
rial, such as Nitinol metal or silicone rubber, and are con-
nected between the base member 41 and the end cap
42 in a resilient, pretensed condition, to bend and con-
form to the tissue surface they contact. In the illustrated
embodiment, eight splines 44 form the three dimensional
structure 20. Additional or fewer splines 44 could be used
in other embodiments. As illustrated, each spline 44 car-
ries eight mapping electrodes 24. Additional or fewer
mapping electrodes 24 could be disposed on each spline
44 in other embodiments of the three dimensional struc-
ture 20. In the illustrated embodiment, the three dimen-
sional structure 20 is relatively small (e.g., 40 mm or less
in diameter). In alternative embodiments, the three di-
mensional structure 20 is even smaller or larger (e.g., 40
mm
in diameter or greater).
[0025] A slidable sheath 50 may be movable along the
major axis of the catheter body 18. Moving the sheath
50 forward (i.e., toward the distal end) causes the sheath
50 to move over the three dimensional structure 20,
thereby collapsing the structure 20 into a compact, low
profile condition suitable for introduction into and/or re-
moval from an interior space of an anatomical structure,
such as, for example, the heart. In contrast, moving the
sheath 50 rearward (i.e., toward the proximal end) ex-
poses the three dimensional structure 20, allowing the
structure 20 to elastically expand and assume the pre-
tensed position illustrated in FIG. 2.
[0026] A signal wire (not shown) is electrically coupled
to each mapping electrode 24. The wires extend through
the body 18 of the mapping catheter 20 into a handle 54,
in which they are coupled to an external connector 56,
which may be a multiple pinconnector. The connector 56
electrically couples the mapping electrodes 24 to the
processing system 32. Further details on mapping sys-
tems and methods for processing signals generated by
the mapping catheter are discussed in U.S. Patent No.
6,070,094, entitled "Systems and Methods for Guiding
Movable Electrode Elements within Multiple Electrode
Structure," U.S. Patent No. 6,233,491, entitled "Cardiac
Mapping and Ablation Systems," and U.S. Patent No.
6,735,465, entitled "Systems and Processes for Refining
a Registered Map of a Body Cavity," the disclosures of
which are hereby expressly incorporated herein by ref-
erence.
[0027] To illustrate the operation of the system 10, FIG.
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3 is a schematic side view of an embodiment of the basket
structure 20 including a plurality of mapping electrodes
24. In the illustrated embodiment, the basket structure
includes 64 mapping electrodes 24. The mapping elec-
trodes 24 are disposed in groups of eight electrodes (la-
beled 1, 2, 3, 4, 5, 6, 7, and 8) on each of eight splines
(labeled A, B, C, D, E, F, G, and H). While an arrangement
of sixty-four mapping electrodes 24 is shown disposed
on a basket structure 20, the mapping electrodes 24 may
alternatively be arranged in different numbers, on differ-
ent structures, and/or in different positions. In addition,
multiple basket structures can be deployed in the same
or different anatomical structures to simultaneously ob-
tain signals from different anatomical structures.
[0028] After the basket structure 20 is positioned ad-
jacent to the anatomical structure to be treated (e.g. left
atrium, left ventricle, right atrium, or right ventricle of the
heart), the processing system 32 is configured to record
the activation signals from each electrode 24 channel
related to physiological activity of the anatomical struc-
ture, i.e. the electrodes 24 measure electrical activation
signals intrinsic to the physiology of the anatomical struc-
ture. The activation signals of physiological activity can
be sensed in response to intrinsic physiological activity
or based on a predetermined pacing protocol instituted
by at least one of the plurality of electrodes 24.
[0029] The arrangement, size, spacing and/or location
of electrodes along a constellation catheter or other map-
ping/sensing device, in combination with the geometry
of the targeted anatomical structure, may contribute to
the accuracy with which sensing electrodes collect and
transmit electrical activity of targeted cellular tissue. For
example, if the total number of electrodes and/or the dis-
tance between electrodes is decreased on a constellation
catheter or other sensing device, the resolution of the
data acquired from the catheter/device may be reduced.
Further, the resolution of activation signals sensed by
mapping electrodes 24 may vary depending on the par-
ticular spacing, arrangement and position of the mapping
electrodes 24 on basket structure 20 and/or the position
of the basket structure 20 within a particular cardiac
chamber. FIG. 3 illustrates 64 electrodes positioned such
that the spacing may correlate to a particular resolution
of sensed activation signals. However, it can be appre-
ciated that changing the relative position, shape, ar-
rangement and/or distance between mapping electrodes
24 may correlate to a different degree of resolution. Ad-
ditionally, decreasing the overall size, shape and/or po-
sition of basket structure 20 may also correlate to a
change in the resolution of sensed activation signals. Fur-
ther, changing both the relative size, spacing, position,
shape and/or arrangement of both the mapping elec-
trodes 24 and the basket structure 20 may result in a
different resolution of sensed activation signals.
[0030] As indicated, reducing the size and/or dimen-
sions of multiple electrode structure 20 may reduce the
space between mapping electrodes 24. Further, reduc-
ing the size of multiple electrode structure 20 may result

in a reduced "target area" of cellular tissue that may be
mapped during a particular time period. However, reduc-
ing the spacing between mapping electrodes 24 may in-
crease the resolution of sensed electrical activity, e.g.
activation signals. Therefore, in some embodiments it
may be desirable to reduce the overall size and/or di-
mensions of multiple electrode structure 20 despite the
reduction in the target area. The smaller target area may
have an increased resolution (over a smaller area), and
therefore, it may be desirable to combine "higher reso-
lution" electrical activity data from several reduced target
area locations using the smaller multiple electrode struc-
ture. Further, a high-resolution "global" cardiac chamber
map may be generated by combining several small high-
resolution maps. Therefore, a need may exist for tech-
niques to combine several local, high-resolution cardiac
maps into a single, global high-resolution cardiac map.
[0031] Matching a first signal from a first set of signals
with a second signal from the second set of signals to
generate a high resolution map of electrical activation
data collected from localized regions within a cardiac
chamber may include matching signals according to the
frequency at which particular activation patterns in the
regions occur over a given time period. As stated, the
processing system 32 may be configured to measure the
intrinsic electrical activity in the myocardial tissue adja-
cent to the mapping electrodes 24. Further, the process-
ing system 32 may be configured to detect intrinsic elec-
trical activity associated with multiple "unique" activation
patterns of cellular wave excitation propagations, e.g. a
dominant rotor or divergent activation pattern. Example
representations of activation patterns may include, but
are not limited to, vector field patterns, contour maps,
isochrones lines, activation potential displays, and/or
phase maps. Dominant rotor or divergent activation pat-
terns illustrate one of several example unique patterns
of intrinsic electrical activity that may be detected by
processing system 32. Further, an electrode structure 20
connected to processing system 32 may sense multiple
unique activity patterns occurring over a time period. The
processing system 32 may be able to distinguish and
categorize each unique signal pattern occurring at a par-
ticular cardiac location. Additionally, the processing sys-
tem 32 may be able to determine each unique signal
pattern occurrence at a particular cardiac location over
a particular time period. Therefore, the "frequency" or
prevalence of each unique signal pattern in a given lo-
cation may be calculated by dividing the number of each
unique signal pattern occurrence over a particular time
period. Frequencies for unique signal patterns may be
calculated for unique signal patterns sensed in any
number of locations in a cardiac chamber. Further, the
locations at which sampling occurs may or may not over-
lap and the time period for which multiple electrode struc-
ture 20 collects (i.e. samples) the electrical activity can
be the either the same or different across multiple cardiac
locations. However, the time period for which sampling
occurs may be long enough to construct prevalence of
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the unique signal patterns but short enough such that
electrical activity can be considered stable across the
cellular activation sequences. Example time periods may
include 1 to 2 minutes, 1 to 5 minutes, 1 to 10 minutes,
5 to 10 minutes or 5 to 20 minutes.
[0032] The calculated frequencies may be compared
across multiple sampling locations within the targeted
region (i.e. cardiac chamber). For example, a multiple
electrode structure 20 may be placed in a cardiac cham-
ber at a first location and may sense data for a first period
of time. The sensed activation signals may be collected,
categorized unique signal patterns (e.g. collected and
characterized at the first location), and the frequencies
may be calculated. The multiple electrode structure 20
may then be placed in a cardiac chamber at a second
location and may sense data for a second period of time.
The second position may or may not overlap with the first
position. The first time period may or may not be the same
as the second time period. Sensed activation signals may
be collected, categorized as unique signal patterns (e.g.
collected and characterized at the second location), and
frequencies may be calculated. The frequencies calcu-
lated at the first location may be compared to the fre-
quencies calculated at the second location.
[0033] For the purpose of this disclosure, it is assumed
that unique signal patterns that occur at or about the
same frequency are part of the same activation signal.
Further, unique signal patterns at a first location may be
matched with unique signal patterns at a second location
based on the similarity of their respective frequencies.
The similarity of the frequencies may be assessed by
determining if the "similar" frequencies fall within a
threshold correlation value. The correlation value may
be used to calculate the range of frequencies that may
be considered "matched" to a target frequency. The cor-
relation value may be a numerical percentage. For ex-
ample, the correlation value may be set to 10% (e.g.,
within about 10% or less). Therefore, an example fre-
quency of 50 at a first location may be considered
matched to another example frequency of 45-55 at an-
other location. While a correlation value of 10% may be
suitable, this is not intended to be limiting. Other corre-
lation values may be utilized such as about .25-20%, or
about 1-20%, or about 2-10%, or about 2-20%, or about
5-10%, or within about 20% or less, or within about 15%
or less, or within about 10% or less, or within about 5%
or less.
[0034] After matching the frequencies from the first and
second locations, the corresponding unique signal pat-
terns correlating to these frequencies may be matched.
Further, unique signal patterns from multiple locations in
the cardiac chamber may be sensed, compared to other
unique signal patterns (based on their respective fre-
quencies) and matched with "similar-frequency" unique
signal patterns. Sensing, comparing and matching
unique signal patterns may occur over the entire span of
a cardiac chamber. For example, multiple locations may
include locations throughout the entire left or right atrium

or ventricle. Further, matching "similar-frequency"
unique signal patterns of high-resolution data from a
number of localized regions across a cardiac chamber
may produce a high-resolution, global activation map of
cellular activity from an entire cardiac chamber.
[0035] In can be appreciated that a variety of algo-
rithms, operations, logic rules, processes and/or compu-
tations can be utilized to compare frequencies calculated
from multiple locations. As stated, one example may in-
clude identifying a threshold correlation value that de-
fines whether unique signal patterns should be matched
across regions. Further, if no frequencies are found to
be with the correlation value, "pairs" of unique signal pat-
terns from a region may be summed and compared to
the frequency of other unique signal patterns from other
regions. The processing system 32 may implement an
iterative process in which matched signal patterns are
eliminated from the matching process and remaining fre-
quencies are compared based on the same or a different
correlation value.
[0036] In another embodiment, matching a first signal
from a first set of signals with a second signal from the
second set of signals to generate a high resolution map
of electrical activation data collected from localized re-
gions within a cardiac chamber may include matching by
aligning visual representations of the unique signal pat-
terns. For example, FIG. 4 illustrates a schematic dom-
inant rotor signal pattern 61 extending across three ex-
ample vector field maps 60, 62, 64. It can be appreciated
that a variety of visual representations may include, but
are not limited to, contour maps, isochrones lines, acti-
vation potential displays, and/or phase maps. Unique sig-
nal patterns may be aligned based on a particular char-
acteristic inherent to the particular pattern being utilized.
For example, FIG. 4 illustrates a schematic visual repre-
sentation of a vector 68 extending from vector field map
60, across intersection 66, and into vector field map 62.
Vector 68 represents the magnitude and direction of an
example cellular wavefront propagation sensed by an
electrode at a particular location within the heart. FIG. 4
further illustrates that the "visual representation" may be
represented by specific pixels or visual components on
a display. The pixels and/or visual components may be
aligned as the vector extends across intersection 66. Fur-
ther, FIG. 4 illustrates that a vector field map may include
one or more vectors that visually represent a unique sig-
nal pattern (e.g. dominant rotor pattern). Therefore, it can
be appreciated that the alignment of several visual char-
acteristics may be utilized to accurately align the visual
representations of the unique signal pattern. It can also
be appreciated that a unique signal pattern may extend
over one or more visual representations and may be
aligned over one or more intersections.
[0037] In at least some embodiments, unique signal
patterns may overlap. One way to align unique signal
patterns may be to identify a region of overlap of the
signal pattern. The region of overlap may include a region
of pixels, a visual indicator, an area of illumination, a dis-
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play element, an image element or similar visual charac-
teristics that permit a unique signal pattern to be aligned
by aligning the overlapped portion of the visual represen-
tation (e.g. vector field representation). It is also contem-
plated that unique signal pattern characteristics (e.g. a
vector arrow) may be aligned in a continuous manner
(e.g. extending across intersections when positioned ad-
jacent), aligned by overlapping identical elements of the
characteristic when positioned in an overlapping config-
uration, or both in a continuous and overlapping manner.
[0038] In another embodiment, unique signal patterns
may not overlap. One way to align unique signal patterns
that do not overlap may include identifying a region in
which the patterns are positioned adjacent to one anoth-
er. The region in which patterns are adjacent to one an-
other may include a region of pixels, a visual indicator,
an area of illumination, a display element, an image el-
ement or similar visual characteristics that permit a
unique signal pattern to be aligned by aligning the over-
lapped portion of the visual representation (e.g. vector
field representation). Further, aligning the unique signal
patterns that do not overlap may include matching an
activity gradient. Matching an activity gradient may in-
clude a direction of propagation in the region in which
the patterns are adjacent to one another (e.g. region of
pixels). Determining the activity gradient may include ob-
taining a direction of propagation. The direction of prop-
agation may be determined using a time-derivative.
[0039] Matching a first signal from a first set of signals
with a second signal from the second set of signals to
generate a high resolution map of electrical activation
data collected from localized regions within a cardiac
chamber may include comparing unique signal patterns
to one or more global template patterns. Example global
template patterns may include, but are not limited to, di-
vergent field, curl field or laminar field patterns. Global
template patterns may be identified and stored by
processing system 32. However, it is contemplated that
global signature patterns may be stored, accessed, proc-
essed, retrieved and/or utilized in other mediums that
may not be connected and/or associated with processing
system 32. After a unique signal pattern is sensed by a
multiple electrode structure 20, the unique signal pattern
may be compared to an example first global template
pattern or set of patterns. In at least some embodiments,
the global templates may be pre-determined or otherwise
known to the clinician. The similarity of the unique signal
pattern to the global template pattern may be based on
projections of the global template patterns. The unique
signal pattern may then be iteratively compared the re-
maining global template patterns.
[0040] Matching a first signal from a first set of signals
with a second signal from the second set of signals to
generate a high resolution map of electrical activation
data collected from localized regions within a cardiac
chamber may include any combination of matching ac-
cording to the frequency at which particular activation
patterns in the regions occur over a given time period,

matching by unique signal patterns to one or more global
template patterns, and/or matching by aligning visual rep-
resentations of the unique signal patterns. For example,
the frequency of unique signal patterns may be calculat-
ed after initially matching the unique signal patterns by
aligning the visual representations of the patterns. Cal-
culating the frequency after matching by alignment may
establish a level of "confidence" of the matching by align-
ment. Similarly, the frequency of unique signal patterns
may be calculated to establish a level of "confidence" for
unique signal patterns initially matched by comparing
unique signal patterns to one or more global template
patterns.
[0041] In another embodiment, regional anatomical
fingerprints may be generated. Regional fingerprints of
localized cardiac regions may be later utilized in recon-
struction of an entire cardiac region map. Fingerprinting
involves recording the underlying anatomy targeted for
mapping. An example step may include generating an
impedance map of each region. Another example step
may include generating a contour map of each region.
[0042] In another embodiment, the period of time to
sense and collect data (e.g. sampling duration) may be
extended until a unique signal pattern repeats itself. The
period of time may also include a maximum threshold.
[0043] In another embodiment, global atrial activity
may be used to match unique signal patterns. For exam-
ple, p-wave morphology may be compared across a se-
ries of heartbeats to identify activation signals that may
be matched to construct cardiac region maps. Further,
the timing of p-wave morphology may be used to con-
struct cardiac region maps.
[0044] In another embodiment, combining several
smaller high-resolution propagation maps may generate
a high-resolution cellular wavefront propagation map.
FIG. 5 illustrates a schematic cellular activation wave-
front propagating in the direction of nine electrodes ar-
ranged in a 3x3 electrode distribution 72. The three-di-
mensional coordinate of each electrode may be sensed
using a magnetic and/or impedance-based sensing sys-
tem. The electrode configuration in FIG. 5 may be rep-
resentative of nine electrodes arranged on a constellation
catheter, basket structure or similar sensing device. FIG.
5 generally illustrates the direction of cellular firing by the
wavefront 70, traveling toward the nine electrodes 72.
As cells underlying any electrode depolarize in response
to a change in electrical membrane potential, an elec-
trode may "sense" an "activation event," i.e. a change in
electrical potential relative to the cells’ resting state po-
tential. Further, the electrode may collect and send the
change in electrical potential data to a processing system
32 which may output the signal to a display 40. Similarly,
if adjacent cells fire in response to a change in electrical
potential of adjacent cells, the wavefront may propagate
to adjacent electrodes. Adjacent electrodes may then
sense the change in electrical potential in a similar man-
ner. The time lapse between the sensing of a change in
electrical potential of cellular firing between any elec-
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trodes can be characterized as a latency time interval
between those electrodes. The latency time interval may
be used to calculate a direction of the wavefront propa-
gation. Further, as indicated above, the direction of wave-
front propagation may be displayed visually as a vector
on a vector field pattern, for example.
[0045] FIG. 5A illustrates a schematic vector 74 locat-
ed over the center electrode in the nine electrode distri-
bution 72. As indicated above, the magnitude and direc-
tion of the vector arrow 74 may be determined by calcu-
lating the latency time interval between the center elec-
trode and the surrounding electrodes. Further, the laten-
cy time interval may be used to calculate the "dominant"
direction of propagation of the activation wavefront 70
across all nine electrodes. The dominant direction elec-
trode may be representative of the general direction of
the wavefront propagation as it passes over the collection
of the nine electrode distribution 72. In some embodi-
ments, the dominant direction may be represented as an
arrow or a display. It is contemplated that any number
and configuration of electrode distributions are possible.
Further, electrodes utilized to calculate the dominant di-
rection may or may not be adjacent to one another. The
vector 74 may represent the dominant direction of prop-
agation of the wavefront 72. As illustrated in FIG. 5A, the
arrow that is used to represent the vector 74 has a length
and thickness. The length and/or thickness may correlate
to the "confidence" with which the processing system 32
has calculated the dominant direction vector. Further, the
"confidence" may be directly proportional to the total
number of cellular activations occurring in that particular
direction over a time period. For example, as illustrated
in FIG. 5B, arrow 78 representing the dominant direction
on a visual display may be lengthened in response to an
increased number of activations sensed in the dominant
direction. FIG. 5C illustrates another embodiment in
which vector arrow 78 is widened or thickened in re-
sponse to an increased number of activations sensed in
the dominant direction. It is contemplated that any at-
tribute of any visual representation (e.g. vector arrow)
may be changed to reflect a level of confidence (e.g.
color, shape, transparency). Calculations of dominant di-
rection representations may be generated at many sam-
pling locations within a cardiac chamber. The sampling
locations may overlap. Analyzing information from over-
lapping sampling locations may provide increased con-
fidence levels. The local dominant direction representa-
tions may be combined to generate a high-resolution
propagation map of the entire cardiac chamber.
[0046] It should be understood that this disclosure is,
in many respects, only illustrative. Changes may be
made in details, particularly in matters of shape, size,
and arrangement of steps without exceeding the scope
of the invention as defined by the appended claims. This
may include, to the extent that it is appropriate, the use
of any of the features of one example embodiment being
used in other embodiments. The invention’s scope is, of
course, defined in the language in which the appended

claims are expressed.

Claims

1. A medical device, comprising:

a catheter shaft with a plurality of electrodes (24)
coupled thereto, wherein the catheter shaft car-
ries a three-dimensional multiple electrode
structure (20) which carries the plurality of elec-
trodes;
a processing system (32) including a processor,
wherein the plurality of electrodes are coupled
to the processing system and the processor is
capable of:

collecting a first set of signals from a first
location;
collecting a second set of signals from a
second location;
characterizing the first set of signals over a
first time period;
characterizing the second set of signals
over a second time period, wherein charac-
terizing the first set of signals includes gen-
erating a first unique signal pattern and
wherein characterizing the second set of
signals includes generating a second
unique signal pattern; and wherein charac-
terizing the first set of signals includes de-
termining a first number of occurrences of
the first unique signal pattern across the first
time period and further comprises calculat-
ing a first frequency of the first unique signal
pattern within the first time period, wherein
the first frequency of the first unique signal
pattern is determined by dividing the first
number of occurrences of the first unique
signal pattern by the first time period; and
wherein characterizing the second set of
signals includes determining a second
number of occurrences of the second
unique signal pattern across the second
time period and further comprises calculat-
ing a second frequency of the second
unique signal pattern within the second time
period, wherein the second frequency of the
second unique signal pattern is determined
by dividing the second number of occur-
rences of the second unique signal pattern
by the second time period;
comparing the first set of signals to the sec-
ond set of signals; and
matching a first signal from the first set of
signals with a second signal from the sec-
ond set of signals, wherein matching a first
signal from the first set of signals with a sec-
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ond signal from the second set of signals
includes matching the first frequency with
the second frequency.

2. The medical device of claim 1, wherein collecting the
first and second set of signals includes sensing a
change in electrical potential over the first and sec-
ond time periods.

3. The medical device of any one of claims 1-2, wherein
the plurality of electrodes are disposed on a basket
electrode structure.

4. The medical device of any of claims 1 - 3, wherein
the first or second unique signal pattern comprises
an activation pattern of the cellular wave excitation
propagations.

5. The medical device of claim 4, wherein the activation
pattern comprises a dominant rotor or divergent ac-
tivation pattern.

6. The medical device of any of the previous claims,
wherein the first set of signals is collected at a first
position and the second set of signals is collected at
a second position.

7. The medical device of claim 6, wherein the first and
second position do not overlap.

8. The medical device of claim 6, wherein the first and
second position overlap.

9. The medical device of any of the previous claims,
wherein the duration of the first time period is the
same as the duration of the second time period.

10. The medical device of any one of claims 1-9, further
comprising matching additional unique signal pat-
terns and using the matched signal patterns to gen-
erate a high resolution map.

11. The medical device of any one of claims 1-10, where-
in matching the first signal from the first set of signals
with the second signal from the second set of signals
further includes aligning a visual representation of
the first unique signal pattern with a visual represen-
tation of the second unique signal pattern.

12. The medical device of claim 11, wherein aligning the
first unique signal pattern with the second unique
signal pattern includes identifying a region of overlap
between the visual representation of the first unique
signal pattern and the visual representation of the
second unique signal pattern.

13. The medical device of any one of claims 11-12,
wherein aligning the first unique signal pattern with

the second unique signal pattern includes determin-
ing and matching a first activity gradient of the first
unique signal pattern with a second activity gradient
of the second unique signal pattern.

14. The medical device of any one of claims 1-13, match-
ing the first frequency and the second frequency
comprises determining a similiarity of the first and
second frequency.

15. The medical device of claim 14, wherein the deter-
mining of the similiarity includes determining wheth-
er the first and second frequency fall within a thresh-
old correlation value.

Patentansprüche

1. Medizinische Vorrichtung, umfassend:

einen Katheterschaft, mit dem eine Vielzahl von
Elektroden (24) gekoppelt ist, wobei der Kathe-
terschaft eine dreidimensionale Multielektro-
denstruktur (20) trägt, welche die Vielzahl von
Elektroden trägt;
ein Verarbeitungssystem (32), das einen Pro-
zessor einschließt, wobei die Vielzahl von Elek-
troden mit dem Verarbeitungssystem gekoppelt
ist und der Prozessor folgende Aufgaben hat:

Erfassen eines ersten Satzes von Signalen
von einem ersten Ort;
Erfassen eines zweiten Satzes von Signa-
len von einem zweiten Ort;
Charakterisieren des ersten Satzes von Si-
gnalen über einem ersten Zeitabschnitt;
Charakterisieren des zweiten Satzes von
Signalen über einem zweiten Zeitabschnitt,
wobei das Charakterisieren des ersten Sat-
zes von Signalen das Erzeugen eines ers-
ten eindeutigen Signalmusters beinhaltet
und wobei das Charakterisieren des zwei-
ten Satzes von Signalen das Erzeugen ei-
nes zweiten eindeutigen Signalmusters be-
inhaltet; und wobei das Charakterisieren
des ersten Satzes von Signalen das Be-
stimmen einer ersten Zahl beinhaltet, die
angibt, wie oft das erste eindeutige Signal-
muster über dem ersten Zeitabschnitt auf-
tritt, und ferner das Berechnen einer ersten
Frequenz des ersten eindeutigen Signal-
musters innerhalb des ersten Zeitab-
schnitts umfasst, wobei die erste Frequenz
des ersten eindeutigen Signalmusters
durch Teilen der ersten Zahl, die angibt, wie
oft das erste eindeutige Signalmuster auf-
tritt, durch den ersten Zeitabschnitt be-
stimmt wird; und wobei das Bestimmen der
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Eigenschaften des zweiten Satzes von Si-
gnalen das Bestimmen einer zweiten Zahl
beinhaltet, die angibt, wie oft das zweite ein-
deutige Signalmuster über dem zweiten
Zeitabschnitt auftritt, und ferner das Be-
rechnen einer zweiten Frequenz des zwei-
ten eindeutigen Signalmusters innerhalb
des zweiten Zeitabschnitts umfasst, wobei
die zweite Frequenz des zweiten eindeuti-
gen Signalmusters durch Teilen der zweiten
Zahl, die angibt, wie oft das zweite eindeu-
tige Signalmuster auftritt, durch den zweiten
Zeitabschnitt bestimmt wird;
Vergleichen des ersten Satzes von Signa-
len mit dem zweiten Satz von Signalen; und
Abgleichen eines ersten Signals aus dem
ersten Satz von Signalen mit einem zweiten
Signal aus dem zweiten Satz von Signalen,
wobei das Abgleichen eines ersten Signals
aus dem ersten Satz von Signalen mit ei-
nem zweiten Signal aus dem zweiten Satz
von Signalen das Abgleichen der ersten
Frequenz mit der zweiten Frequenz bein-
haltet.

2. Medizinische Vorrichtung nach Anspruch 1, wobei
das Erfassen des ersten und des zweiten Satzes
von Signalen das Erfassen einer Änderung eines
elektrischen Potentials über den ersten und den
zweiten Zeitabschnitt beinhaltet.

3. Medizinische Vorrichtung nach einem der Ansprü-
che 1-2, wobei die Vielzahl von Elektroden auf einer
Korbelektrodenstruktur angeordnet ist.

4. Medizinische Vorrichtung nach einem der Ansprü-
che 1-3, wobei das erste oder das zweite eindeutige
Signalmuster ein Aktivierungsmuster der zellulären
Wellenerregungsausbreitungen aufweist.

5. Medizinische Vorrichtung nach Anspruch 4, wobei
das Aktivierungsmuster ein dominantes Rotor- oder
divergentes Aktivierungsmuster umfasst.

6. Medizinische Vorrichtung nach einem der vorange-
henden Ansprüche, wobei der erste Satz von Sig-
nalen an einer ersten Position erfasst wird und der
zweite Satz von Signalen an einer zweiten Position
erfasst wird.

7. Medizinische Vorrichtung nach Anspruch 6, wobei
sich die erste und die zweite Position nicht über-
schneiden.

8. Medizinische Vorrichtung nach Anspruch 6, wobei
sich die erste und die zweite Position überschneiden.

9. Medizinische Vorrichtung nach einem der vorange-

henden Ansprüche, wobei die Dauer des ersten Zeit-
abschnitts der Dauer des zweiten Zeitabschnitts
gleich ist.

10. Medizinische Vorrichtung nach einem der Ansprü-
che 1-9, ferner umfassend das Abgleichen zusätzli-
cher eindeutiger Signalmuster und das Verwenden
der abgeglichenen Signalmuster zur Erzeugung ei-
ner hochauflösenden Karte.

11. Medizinische Vorrichtung nach einem der Ansprü-
che 1-10, wobei das Abgleichen des ersten Signals
aus dem ersten Satz von Signalen mit dem zweiten
Signal aus dem zweiten Satz von Signalen ferner
das Ausrichten einer visuellen Darstellung des ers-
ten eindeutigen Signalmusters an einer visuellen
Darstellung des zweiten eindeutigen Signalmusters
beinhaltet.

12. Medizinische Vorrichtung nach Anspruch 11, wobei
das Ausrichten des ersten eindeutigen Signalmus-
ters an dem zweiten eindeutigen Signalmuster das
Identifizieren einer Region beinhaltet, wo sich die
visuelle Darstellung des ersten eindeutigen Signal-
musters und die visuelle Darstellung des zweiten
eindeutigen Signalmusters überschneiden.

13. Medizinische Vorrichtung nach einem der Ansprü-
che 11-12, wobei das Ausrichten des ersten eindeu-
tigen Signalmusters an dem zweiten eindeutigen Si-
gnalmuster das Bestimmen eines ersten Aktivitäts-
gradienten des ersten eindeutigen Signalmusters
und das Abgleichen desselben mit einem zweiten
Aktivitätsgradienten des zweiten eindeutigen Sig-
nalmusters beinhaltet.

14. Medizinische Vorrichtung nach einem der Ansprü-
che 1-13, wobei das Abgleichen der ersten Frequenz
und der zweiten Frequenz das Bestimmen einer
Ähnlichkeit der ersten und der zweiten Frequenz be-
inhaltet.

15. Medizinische Vorrichtung nach Anspruch 14, wobei
das Bestimmen der Ähnlichkeit eine Bestimmung
beinhaltet, ob die erste und die zweite Frequenz in-
nerhalb eines Schwellenwertkorrelationswerts lie-
gen.

Revendications

1. Dispositif médical, comprenant :

un arbre de cathéter auquel les électrodes d’une
pluralité d’électrodes (24) sont couplées, dans
lequel l’arbre de cathéter supporte une structure
tridimensionnelle à multiples électrodes (20) qui
supporte la pluralité d’électrodes ; et
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un système de traitement (32) qui inclut un pro-
cesseur, dans lequel les électrodes de la plura-
lité d’électrodes sont couplées au système de
traitement et le processeur dispose de la capa-
cité de :

collecter un premier jeu de signaux en pro-
venance d’une première localisation ;
collecter un second jeu de signaux en pro-
venance d’une seconde localisation ;
caractériser le premier jeu de signaux sur
une première période temporelle ;

caractériser le second jeu de signaux sur une
seconde période temporelle, dans lequel la ca-
ractérisation du premier jeu de signaux inclut la
génération d’un premier motif de signal unique
et dans lequel la caractérisation du second jeu
de signaux inclut la génération d’un second motif
de signal unique ; et dans lequel la caractérisa-
tion du premier jeu de signaux inclut la détermi-
nation d’un premier nombre d’occurrences du
premier motif de signal unique sur la première
période temporelle et comprend en outre le cal-
cul d’une première fréquence du premier motif
de signal unique à l’intérieur de la première pé-
riode temporelle, dans lequel la première fré-
quence du premier motif de signal unique est
déterminée en divisant le premier nombre d’oc-
currences du premier motif de signal unique par
la première période temporelle ; et dans lequel
la caractérisation du second jeu de signaux in-
clut la détermination d’un second nombre d’oc-
currences du second motif de signal unique sur
la seconde période temporelle et comprend en
outre le calcul d’une seconde fréquence du se-
cond motif de signal unique à l’intérieur de la
seconde période temporelle, dans lequel la se-
conde fréquence du second motif de signal uni-
que est déterminée en divisant le second nom-
bre d’occurrences du second motif de signal uni-
que par la seconde période temporelle ;

comparer le premier jeu de signaux avec le
second jeu de signaux; et
mettre en correspondance un premier si-
gnal en provenance du premier jeu de si-
gnaux avec un second signal en provenan-
ce du second jeu de signaux, dans lequel
la mise en correspondance d’un premier si-
gnal en provenance du premier jeu de si-
gnaux avec un second signal en provenan-
ce du second jeu de signaux inclut la mise
en correspondance de la première fréquen-
ce avec la seconde fréquence.

2. Dispositif médical selon la revendication 1, dans le-
quel la collecte des premier et second jeux de si-

gnaux inclut la détection d’une variation du potentiel
électrique sur les première et seconde périodes tem-
porelles.

3. Dispositif médical selon l’une quelconque des reven-
dications 1 et 2, dans lequel les électrodes de la plu-
ralité d’électrodes sont disposées sur une structure
d’électrodes en forme de panier.

4. Dispositif médical selon l’une quelconque des reven-
dications 1 à 3, dans lequel le premier ou second
motif de signal unique comprend un motif d’activa-
tion des propagations d’excitation d’ondes cellulai-
res.

5. Dispositif médical selon la revendication 4, dans le-
quel le motif d’activation comprend un motif de rotor
dominant ou d’activation divergente.

6. Dispositif médical selon l’une quelconque des reven-
dications précédentes, dans lequel le premier jeu de
signaux est collecté au niveau d’une première posi-
tion et le second jeu de signaux est collecté au niveau
d’une seconde position.

7. Dispositif médical selon la revendication 6, dans le-
quel les première et seconde positions ne se che-
vauchent pas.

8. Dispositif médical selon la revendication 6, dans le-
quel les première et seconde positions se chevau-
chent.

9. Dispositif médical selon l’une quelconque des reven-
dications précédentes, dans lequel la durée de la
première période temporelle est la même que la du-
rée de la seconde période temporelle.

10. Dispositif médical selon l’une quelconque des reven-
dications 1 à 9, comprenant en outre la mise en cor-
respondance de motifs de signal uniques addition-
nels et l’utilisation des motifs de signal mis en cor-
respondance pour générer une carte haute résolu-
tion.

11. Dispositif médical selon l’une quelconque des reven-
dications 1 à 10, dans lequel la mise en correspon-
dance du premier signal en provenance du premier
jeu de signaux avec le second signal en provenance
du second jeu de signaux inclut en outre l’alignement
d’une représentation visuelle du premier motif de si-
gnal unique avec une représentation visuelle du se-
cond motif de signal unique.

12. Dispositif médical selon la revendication 11, dans
lequel l’alignement du premier motif de signal unique
avec le second motif de signal unique inclut l’identi-
fication d’une région de chevauchement entre la re-
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présentation visuelle du premier motif de signal uni-
que et la représentation visuelle du second motif de
signal unique.

13. Dispositif médical selon l’une quelconque des reven-
dications 11 et 12, dans lequel l’alignement du pre-
mier motif de signal unique avec le second motif de
signal unique inclut la détermination et la mise en
correspondance d’un premier gradient d’activité du
premier motif de signal unique avec un second gra-
dient d’activité du second motif de signal unique.

14. Dispositif médical selon l’une quelconque des reven-
dications 1 à 13, dans lequel la mise en correspon-
dance de la première fréquence et de la seconde
fréquence comprend la détermination d’une simila-
rité des première et seconde fréquences.

15. Dispositif médical selon la revendication 14, dans
lequel la détermination de la similarité inclut la dé-
termination de si oui ou non les première et seconde
fréquences tombent à l’intérieur d’une valeur de cor-
rélation de seuil.
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