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Description

FIELD OF THE INVENTION

[0001] The present invention relates to MRI-guided
systems and may be particularly suitable for MRI-guided
cardiac systems such as EP systems for treating Atrial
Fibrillation (AFIB).

BACKGROUND OF THE INVENTION

[0002] Conventional Cardiac EP (ElectroPhysiology)
Systems are X-ray based systems which use electroan-
atomical maps. Electroanatomical maps are virtual rep-
resentations of the heart showing sensed electrical ac-
tivity. Examples of such systems include the Carto® elec-
troanatomic mapping system from Biosense Webster,
Inc., Diamond Bar, CA, and the EnSite NavX® system
from Endocardial Solutions Inc., St. Paul, MN.
[0003] However, there remains a need for MRI-guided
systems that can use MRI to obtain details of tissue not
provided by X-ray based systems and/or to reduce pa-
tient exposure to radiation associated with interventional
(diagnostic and/or therapeutic) procedures. An MRI sys-
tem using optical tracking is shown in US 2005/054910
A1 by Tremblay et al. (Sunnybrook).

SUMMARY OF EMBODIMENTS OF THE INVENTION

[0004] Embodiments of the invention are directed to
MRI-guided systems that have a new operational plat-
form. The invention is defined in claim 1 as a system and
claim 19 as a computer program product.
[0005] Some embodiments are directed to systems in-
clude a circuit configured to: (a) generate at least one
near real time (RT) MRI image of at least a portion of a
heart of a patient using relevant anatomical scan planes
associated with a 3-D MRI image space having a coor-
dinate system; (b) identify coordinates associated with a
location of at least a distal portion of at least one flexible
intrabody catheter in the 3-D MRI image space; and (c)
render interactive near RT visualizations of the at least
one flexible catheter in the 3-D image space. The at least
one flexible catheter is not required to be in any of the
relevant anatomical scan planes used to obtain MR data
for the at least one near RT MRI image and the distal
end portion of the flexible catheter can take on a curvi-
linear shape.
[0006] Other embodiments are directed to MRI guided
interventional systems. The systems include at least one
flexible intrabody interventional or diagnostic medical de-
vice configured to be able to take on a non-linear shape
and be introduced into a patient via a tortuous and/or
natural lumen path, the at least one medical device hav-
ing at least one tracking coil that is connected to a channel
of the MRI scanner; a circuit adapted to communicate
with and/or reside in an MRI Scanner; and a display with
a User Interface in communication with the circuit con-

figured to display the visualizations during an MRI guided
interventional procedure. The circuit is configured to: (a)
obtain MR image data and generate a series of near real
time (RT) MRI images of target anatomy of a patient dur-
ing a surgical procedure using relevant anatomical scan
planes associated with a 3-D MRI image space having
a coordinate system; (b) identify coordinates associated
with a location of at least a distal portion of the flexible
intrabody medical device using the coordinate system of
the 3-D MRI image space; and (c) render near RT inter-
active visualizations of the at least one flexible medical
device in the 3-D image space with at least one near RT
image of target patient anatomical structure and a regis-
tered pre-acquired volumetric model of the target ana-
tomical structure of the patient. The circuit renders the
visualizations to illustrate the at least one flexible medical
device with a physical representation in the visualiza-
tions. The User Interface is configured to allow a user to
(a) rotate the visualizations and (b) alter a displayed vis-
ualization to include only a near RT image of the target
anatomy, to include the near RT image of the anatomy
and the registered model of the anatomical structure, or
to include only the registered model of the anatomical
structure. The MRI Scanner is configured to interleave
signal acquisition of tracking signals from the at least one
tracking coil with image data for the near RT MRI images,
and wherein the circuit is configured to electronically
track the at least one flexible medical device in the 3-D
image space independent of scan planes used to obtain
the MR image data so that the at least one flexible device
is not required to be in any of the relevant anatomical
scan planes used to obtain MR image data for the at least
one near RT MRI image, and wherein the distal end por-
tion of the flexible medical device can take on a curvilinear
shape.
[0007] Yet other embodiments are directed to MRI
guided cardiac intervention systems. The systems in-
clude an MR Scanner having a plurality of channels; a
plurality of flexible intrabody catheters, each having a
plurality of tracking coils, each tracking coil of each cath-
eter connected to a different MR Scanner channel; and
at least one display in communication with the MR Scan-
ner. The MR Scanner is configured to: (a) generate at
least one near real time (RT) MRI image of at least a
portion of a heart of a patient using relevant anatomical
scan planes associated with a 3-D MRI image space hav-
ing a coordinate system; (b) identify coordinates associ-
ated with a location of at least a distal portion of at least
one flexible intrabody catheter in the 3-D MRI image
space; and (c) render dynamic near RT visualizations of
the at least one flexible catheter in the 3-D image space
which show a volumetric pre-acquired model of the pa-
tient’s heart registered to the imaging space with the near
RT MRI image, wherein the at least one flexible catheter
is not required to be in any of the relevant anatomical
scan planes used to obtain MR image data for the at least
one near RT MRI image, and wherein the distal end por-
tion of the flexible catheter can take on a non-linear
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shape.
[0008] The circuit may be configured to show at least
one of a plurality of user-selectable tissue characteristic
maps or data associated therewith on the model or the
selected tissue characteristic map in lieu of the model on
the display, wherein the display is in communication with
a User Interface that is configured to allow a user to se-
lectively turn one or more of the tissue characterization
maps on and off. When on, the tissue characteristic map
or data therefrom is aligned with and/or registered to the
pre-acquired volumetric 3-D model of the patient’s heart
(or shown in lieu thereof). The selectable tissue charac-
teristic maps include a plurality of the following: a thermal
tissue characterization map; an edema tissue character-
ization map; a first delayed enhancement tissue charac-
terization map; a second delayed enhancement tissue
characterization map taken after the first delayed en-
hancement tissue characterization map; a hypoxic tissue
characterization map; a vasculature map; a fibrous map;
and an ischemic tissue characterization map.
[0009] Still other embodiments are directed to MRI
guided cardiac interventional systems. The systems in-
clude: a display; a processor in communication with the
display and adapted to communicate with a MRI scanner;
electronic memory coupled to the processor; and com-
puter program code residing in the memory that is exe-
cutable by the processor for:

(a) generating at least one near real time (RT) MRI
image of at least a portion of a heart of a patient
using relevant anatomical scan planes associated
with a 3-D MRI image space having a coordinate
system;
(b) identifying coordinates associated with a location
of at least a distal portion of at least one flexible in-
trabody catheter in the 3-D MRI image space to track
a location of a distal end portion of the catheter;
(c) rendering dynamic near RT visualizations of the
at least one flexible catheter in the 3-D image space,
wherein the at least one flexible catheter is not re-
quired to be in any of the relevant anatomical scan
planes used to obtain MR data for the at least one
near RT MRI image, and wherein the distal end por-
tion of the flexible catheter can take on a non-linear
shape;
(d) displaying a graphical user interface (GUI) con-
taining at least one of the visualizations within the
display; and
(e) allowing a user to alter the visualizations using
the GUI to selectively show different tissue charac-
teristic maps or data from the selected tissue char-
acteristic map.

[0010] The computer program code that is executable
by the processor may be further adapted to automatically
define at least one scan plane used by the MRI scanner
for a target catheter-tissue interface site before and/or
during the ablating step based on the tracked location of

the of the catheter.
[0011] The tissue characterization map is color-coded
to show scar or lesion formations associated with ablation
sites created during the procedure.
[0012] Still other embodiments are directed to methods
for carrying out an MRI-guided procedure. The methods
include: (a) introducing a flexible intrabody medical de-
vice into a natural lumen or cavity of a patient during an
MRI-guided procedure; (b) electronically obtaining track-
ing signals from tracking coils connected to an MR Scan-
ner and attached to the flexible intrabody device during
the MRI-guided procedure, wherein the intrabody device
has a distal end portion that can take on a non-linear
shape as it moves into position in the patient’s body; (c)
electronically identifying X, Y, Z coordinate locations in
3-D MRI image space of each of the tracking coils using
the tracking signals; (d) obtaining MR image data and
generating near RT MR images of the patient during the
MRI-guided procedure; (e) obtaining a pre-acquired 3-D
volumetric model of target anatomy of the patient and
registering the model to the 3-D image space; and (f)
generating near real time (RT) visualizations of the med-
ical device showing: (i) the registered model of the pa-
tient’s anatomy; (ii) a physical representation of at least
a distal end portion of the medical device using the iden-
tified locations of the tracking coils; and (iii) at least one
of the near RT MR images.
[0013] The method may further include electronically
calculating a device-tissue interface location proximate
a tip location of the device in the three dimensional image
space using the identified locations of the tracking coils,
wherein the calculating step projects axially forward a
defined distance beyond the tip to define the device-tis-
sue interface; and automatically defining at least one
scan plane used to obtain the MR image data for the near
RT images during and/or proximate in time to delivery of
a therapeutic treatment and/or a diagnostic procedure.
[0014] The method may also or alternatively include
electronically rotating the visualizations based on user
input and electronically selectively altering a view of the
displayed visualization based on user input so that the
visualization includes the at least one flexible device with
(a) only a near RT image of the target anatomy, (b) both
the near RT image of the anatomy and the registered
model of the anatomical structure, or (c) only the regis-
tered model of the anatomical structure.
[0015] Still other embodiments are directed to compu-
ter program products for facilitating an MRI-guided inter-
ventional therapy on a heart of a patient. The computer
program product includes a computer readable storage
medium having computer readable program code em-
bodied in the medium. The computer-readable program
code including: computer readable program code that
computer readable program code that directs an MRI
Scanner to obtain in an interleaved manner (i) tracking
signal data from tracking coils associated with an intra-
body flexible device and (ii) MR image data, both in the
same 3-D image space with a coordinate system; com-
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puter readable program code that generates near real
time (RT) MRI image of at least a portion of target anat-
omy of a patient using relevant anatomical scan planes;
computer readable program code that identifies spatial
coordinates associated with a location of at least a distal
end portion of at least one flexible intrabody medical de-
vice in the 3-D MRI image space using the tracking signal
data; and computer readable program code that renders
dynamic near RT visualizations of the at least intrabody
flexible medical device in the 3-D image space with near
RT MRI images, wherein the at least one device is not
required to be in any of the relevant anatomical scan
planes used to obtain MR image data for the at least one
near RT MRI images, and wherein the distal end portion
of the device can take on a non-linear shape.
[0016] Some embodiments of the present invention
can provide 3D, 4D and/or 4D visualization systems of
multiple data sources, (e.g., multiparametric data) of car-
diac tissue to provide relevant tissue characterization da-
ta and/or cardiac status during a therapy so that ablation
and/or other therapy can be more precisely delivered,
confirmed and/or visualized. For example, with cardiac
ablation systems the visualizations can be rendered with
an accurate or "true" lesion pattern from the therapy
and/or an associated change in a physiological state of
cardiac tissue during the therapy based, at least in part,
on MR image data.
[0017] Yet other embodiments are directed to MRI
guided interventional systems that include a circuit in
communication with a display with a User Interface. The
circuit is configured to: (a) provide a patient planning map
and allow a user to identify at least one target treatment
site on the patient planning map using the User Interface;
then (b) register the planning map in 3-D MRI image
space prior to or during an MRI guided procedure; and
(c) define locations of the at least one treatment site in
3-D MRI image space based on the registered planning
map.
[0018] The circuit can be configured to accept user in-
put via the User Interface to selectively fade and/or turn
on and off a visual indication of the at least one target
treatment site in position in 3-D MRI imaging space in
rendered visualizations during an MRI guided procedure.
[0019] The circuit can be configured to allow a user to
select whether to show tissue characterization data on
the display in interactive visualizations during the MRI
guided procedure in different viewing formats including:
(a) on a registered map with near RT image data; or (b)
in near RT images without a map in visualizations during
an MRI guided procedure.
[0020] Embodiments of the invention are directed to
systems, methods, User Interfaces and a processor con-
figured to automatically obtain MR image data and track-
ing data for one or more intrabody flexible devices (e.g.,
catheters, probes, delivery devices, needles and the
like). This data alone or with other physiologic or a priori
data regarding a particular device and/or anatomy of a
patient can be used to generate the visualizations in a

manner that visually shows (e.g., via color, opacity and/or
intensity) target anatomical tissue using MR image data
and a physical representation of at least a distal end por-
tion of the at least one flexible device in near real time
on a display during a surgical procedure.
[0021] Embodiments of the invention are particularly
suitable for MRI-guided EP procedures for ablating tissue
to arrhythmias such as AFIB or injecting therapeutics to
treat heart failure.
[0022] The system may also be suitable for delivering
a therapeutic agent or carrying out another treatment or
diagnostic evaluation for any intrabody location, includ-
ing, for example, the brain, heart, gastrointestinal system,
genitourinary system, spine (central canal, the subarach-
noid space or other region), vasculature or other intra-
body location.
[0023] It is noted that any one or more aspects or fea-
tures described with respect to one embodiment, may be
incorporated in a different embodiment although not spe-
cifically described relative thereto. That is, all embodi-
ments and/or features of any embodiment can be com-
bined in any way and/or combination. Applicant reserves
the right to change any originally filed claim or file any
new claim accordingly, including the right to be able to
amend any originally filed claim to depend from and/or
incorporate any feature of any other claim although not
originally claimed in that manner. These and other ob-
jects and/or aspects of the present invention are ex-
plained in detail in the specification set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Figure 1 is a schematic illustration of an MRI-guided
system configured to show a device tissue interface
using near RT MRI data according to embodiments
of the present invention.

Figure 2 is a schematic illustration of an intrabody
device with a tracking coil electrically connected to
a Scanner channel according to embodiments of the
present invention.

Figure 3 is a schematic illustration of an MRI system
with a workstation and display according to embod-
iments of the invention.

Figure 4 is a circuit diagram of an exemplary tracking
coil tuning circuit according to embodiments of the
present invention.

Figures 5A-5D are contemplated screen shots of
exemplary interactive visualizations with a physical
representation of an intrabody flexible medical de-
vice according to embodiments of the present inven-
tion.
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Figure 6 is a schematic illustration of a display with
two viewing windows, one showing an interactive vis-
ualization and the other showing relevant near RT
MRI image according to embodiments of the present
invention.

Figures 7-21 are contemplated screen shots of ex-
emplary visualizations and images on a display and
UI controls that can be generated to facilitate an MRI
guided procedure according to embodiments of the
present invention.

Figures 22A and 22B are exemplary (contemplat-
ed) screen shots of an intrabody device (e.g., abla-
tion catheter) with the device rendered as a physical
representation and the MRI image being in close-up
according to embodiments of the present invention.

Figures 23 and 24A-D are exemplary (contemplat-
ed) screen shots illustrating navigational indicia that
can be used to help guide and/or position an intra-
body device according to embodiments of the
present invention.

Figures 25-28 are yet additional exemplary (con-
templated) screen shots illustrating patient data and
target (clinician identified) treatment zones that can
provide information that can help drive clinical deci-
sions according to embodiments of the present in-
vention.

Figure 29 is a schematic illustration of an MRI-inter-
ventional suite according to embodiments of the
present invention.

Figure 30A is an enlarged partial perspective view
of a tip portion of an exemplary ablation catheter ac-
cording to particular embodiments of the present in-
vention.

Figure 30B is a cross-section of the tip portion of
the catheter taken along lines 30B-30B in Figure
30A.

Figure 31 is an enlarged axial cross section of a tip
portion of another example of an ablation catheter
according to embodiments of the present invention.

Figure 32 is an enlarged cross-section of the cath-
eter shown in Figure 31.

Figure 33 is an enlarged cross-section of the cath-
eter shown in Figure 31 taken along lines 33-33 in
Figure 31. The Figure 32 section view is taken at a
location upstream of that shown in Figure 33.

Figure 34 is a flow chart of exemplary operations
that can be used to carry out embodiments of the

present invention.

Figure 35 is a flow chart of exemplary operations
that can be used to carry out additional aspects of
embodiments of the present invention.

Figure 36 is a schematic illustration of a data
processing circuit or system according to embodi-
ments of the present invention.

Figure 37 is a schematic illustration of examples of
different intrabody devices that can be used with em-
bodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0025] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like numbers
refer to like elements throughout. It will be appreciated
that although discussed with respect to a certain embod-
iment, features or operation of one embodiment can ap-
ply to others.
[0026] In the drawings, the thickness of lines, layers,
features, components and/or regions may be exagger-
ated for clarity and broken lines (such as those shown in
circuit of flow diagrams) illustrate optional features or op-
erations, unless specified otherwise. In addition, the se-
quence of operations (or steps) is not limited to the order
presented in the claims unless specifically indicated oth-
erwise.
[0027] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features,
steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more
other features, steps, operations, elements, compo-
nents, and/or groups thereof. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items.
[0028] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
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having a meaning that is consistent with their meaning
in the context of the specification and relevant art and
should not be interpreted in an idealized or overly formal
sense unless expressly so defined herein. Well-known
functions or constructions may not be described in detail
for brevity and/or clarity.
[0029] It will be understood that when a feature, such
as a layer, region or substrate, is referred to as being
"on" another feature or element, it can be directly on the
other element or intervening elements may also be
present. In contrast, when an element is referred to as
being "directly on" another feature or element, there are
no intervening elements present. It will also be under-
stood that, when a feature or element is referred to as
being "connected" or "coupled" to another feature or el-
ement, it can be directly connected to the other element
or intervening elements may be present. In contrast,
when a feature or element is referred to as being "directly
connected" or "directly coupled" to another element,
there are no intervening elements present. Although de-
scribed or shown with respect to one embodiment, the
features so described or shown can apply to other em-
bodiments.
[0030] The term "circuit" refers to an entirely software
embodiment or an embodiment combining software and
hardware aspects, features and/or components (includ-
ing, for example, at least one processor and software
associated therewith embedded therein and/or executa-
ble by and/or one or more Application Specific Integrated
Circuits (ASICs), for programmatically directing and/or
performing certain described actions or method steps).
The circuit can reside in one location or multiple locations,
it may be integrated into one component or may be dis-
tributed, e.g., it may reside entirely in an MR Scanner
control cabinet, partially in the MR Scanner control cab-
inet, totally in a separate component or system such as
a clinician workstation but communicate with MR Scan-
ner electronics and/or in an interface therebetween, in a
remote processor and combinations thereof.
[0031] The term "map" is used interchangeably with
the term "model" and refers to a volumetric rendering of
a patient’s target anatomy. The term "tissue characteri-
zation (or characteristic) map" refers to a rendered vol-
umetric (typically 3-D, 4-D or 4-DMP) visualization and/or
image of a target anatomical structure or portion thereof
showing one or more selected tissue parameters, con-
ditions, or behaviors of cardiac tissue using MR image
data, e.g., the tissue characterization map is a rendered
partial or global anatomical map that shows at least one
defined tissue characteristic of the target anatomy, e.g.,
heart or portion thereof (for example, the left atrium) in a
manner that illustrates relative degrees or measures of
the tissue characteristic(s) of interest, typically in different
colors, opacities and/or intensities. Notably, a tissue
characterization map or model is to be contrasted with
an electroanatomical (EA) map or model which is based
on sensed electrical activity of different regions of the
heart rather than on MR image data. In some embodi-

ments, tissue data from an electroanatomical map and/or
the tissue characteristic map or the map(s) themselves
can be selectively turned on and off (on a display) or
faded. A tissue characteristic map may be included with
an EA model and/or two or more tissue characteristic
maps may be merged into or shown as a composite map
or may be shown overlying and aligned with one another.
Thus, the visualizations can use one or both types of
volumetric tissue maps, shown separately, overlaid on
each other and/or integrated as a composite or superim-
posed map. The terms "fade" and "faded" refer to making
the so-called feature less visually dominant in a visuali-
zation by dimming the intensity, color and/or opacity rel-
ative to other features in the visualization.
[0032] The actual visualization can be shown on a
screen or display so that the map of the anatomical struc-
ture is in a flat 2-D and/or in 2-D what appears to be 3-
D volumetric images with data representing features or
electrical output with different visual characteristics such
as with differing intensity, opacity, color, texture and the
like. A 4-D map can either illustrate a 3-D anatomical
structure (e.g., heart) with movement (e.g., a beating
heart and/or a heart with blood flow, breathing lungs or
other moving structure) or show additional information
over a 3-D anatomic model of the contours of the heart
or portions thereof. The term "heart" can include adjacent
vasculature, e.g., the branching of the pulmonary veins.
[0033] The term "4-D multiparametric visualization" (4-
DMP) means a 4-D visualization image (e.g., a 3-D image
of a beating heart) with functional spatially encoded or
correlated information shown on the visualization. The
4-DMP visualization can be provided with fMRI data
and/or one or more tools used to provide the spatially
correlated functional data (e.g., electrical) data of the
heart based on the 3-D model of the tool. Again, the 3-
D, 4-D and/or 4-DMP visualizations are not merely an
MRI image or MRI images of the patient during a proce-
dure but are rendered visualizations that can combine
multiple sources of data to provide a visualization of spa-
tially encoded function with anatomical shape. Thus, the
visualizations can comprise a rendered model of the pa-
tient’s target anatomy with a rendered visualization of at
least one medical device in an intrabody location with
respect to the model and along with near RT MRI image
data of the anatomical structure. The figures may include
prophetic examples of screen shots of visualizations and
the like and do not necessarily represent actual screen
shots of a surgical system/display.
[0034] The term "close-up" means that the associated
image is shown enlarged relative to a global image or
typical navigation view to show local tissue. The term
"high-resolution" means that the image data is obtained
with higher resolution than normal image data (usually
requiring longer scan times and/or using an internal an-
tenna to increase SNR). For example, the local tissue
ablation views may be shown in higher resolution than
MRI images in the navigation view. The term en face
refers to a view through a tissue wall (e.g., myocardial
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wall) and substantially parallel (tangent) to the surface.
[0035] The term "programmatically" means that the op-
eration or step can be directed and/or carried out by a
digital signal processor and/or computer program code.
Similarly, the term "electronically" means that the step or
operation can be carried out in an automated manner
using electronic components rather than manually or us-
ing merely mental steps.
[0036] At least a portion of the intrabody medical de-
vice is tracked and its position identified in 3-D imaging
space (e.g., X, Y, Z coordinates). Various location track-
ing means for the tool and/or registration means for the
catheter to the imaging space can be employed. For ex-
ample, the intrabody device can include fiducial markers
or receive antennas combinations of same. The term "fi-
ducial marker" refers to a marker that can be identified
using electronic image recognition, electronic interroga-
tion of MRI image data, or three-dimensional electrical
signals to define a position and/or find the feature or com-
ponent in 3-D space. The fiducial marker can be provided
in any suitable manner, such as, but not limited to a ge-
ometric shape of a portion of the tool, a component on
or in the tool, a coating or fluid-filled coating (or combi-
nations of different types of fiducial markers) that makes
the fiducial marker(s) MRI-visible that are active or pas-
sive (e.g., if passive, the marker does not provide MR
signal) with sufficient intensity for identifying location
and/or orientation information for the tool and/or compo-
nents thereof in 3-D space. As will be discussed further
below, in particular embodiments, the device comprises
at least one tracking coil electrically connected to the MRI
Scanner that generate signals that are detected (re-
ceived) by the MR Scanner and used to identify respec-
tive locations of the coils in a 3-D coordinate system of
the imaging space, and hence the device with such track-
ing coils, in the 3-D image space.
[0037] The terms "MRI or MR Scanner" are used in-
terchangeably to refer to a Magnetic Resonance Imaging
system and includes the magnet, the operating compo-
nents, e.g., RF amplifier, gradient amplifiers and opera-
tional circuitry including, for example, processors (the lat-
ter of which may be held in a control cabinet) that direct
the pulse sequences, select the scan planes and obtain
MR data.
[0038] The term "RF safe" means that the device (e.g.,
catheter) and any (conductive) lead is configured to op-
erate safely when exposed to RF signals, particularly RF
signals associated with MRI systems, without inducing
unplanned current that inadvertently unduly heats local
tissue or interferes with the planned therapy. The term
"MRI visible" means that the device is visible, directly or
indirectly, in an MRI image. The visibility may be indicated
by the increased SNR of the MRI signal proximate the
device. The device can act as an MRI receive antenna
to collect signal from local tissue and/or the device actu-
ally generates MRI signal itself, such as via suitable med-
ical grade hydro-based coatings, fluid (e.g., aqueous flu-
id) filled channels or lumens. The term "MRI compatible"

means that the so-called component(s) is safe for use in
an MRI environment and as such is typically made of a
non-ferromagnetic MRI compatible material(s) suitable
to reside and/or operate in a high magnetic field environ-
ment. The term "high-magnetic field" refers to field
strengths above about 0.5 T, typically above 1.0T, and
more typically between about 1.5T and 10T. Embodi-
ments of the invention may be particularly suitable for
1.5T and/or 3.0T systems.
[0039] Generally stated, advantageously, the system
can be configured so that the surgical space is the im-
aging space and the tracking is performed in the imaging
space so that there is no requirement to employ a discrete
tracking system that must then be registered to the im-
aging space. In some embodiments, the tracking is car-
ried out in the same 3-D imaging space but the flexible
intrabody medical device is tracked independent of the
imaging scan planes used to obtain the MR image data
for generating images of local anatomy and is shown as
a physical representation in the visualization.
[0040] The term "near real time" refers to both low la-
tency and high frame rate. Latency is generally measured
as the time from when an event occurs to display of the
event (total processing time). For tracking, the frame rate
can range from between about 100 fps (frames per sec-
ond) to the imaging frame rate. In some embodiments,
the tracking is updated at the imaging frame rate. For
near ’real-time’ imaging, the frame rate is typically be-
tween about 1 fps to about 20 fps, and in some embod-
iments, between about 3 fps to about 7 fps. For lesion
imaging, a new image can be generated about every
1-7s, depending on the sequence used. The low latency
required to be considered "near real time" is generally
less than or equal to about 1 second. In some embodi-
ments, the latency for tracking information is about 0.01s,
and typically between about 0.25-0.5s when interleaved
with imaging data. Thus, with respect to tracking, visual-
izations with the location, orientation and/or configuration
of a known intrabody device can be updated with low
latency between about 1 fps to about 100 fps. With re-
spect to imaging, visualizations using near real time MR
image data can be presented with a low latency, typically
within between about .01 ms to less than about 1 second,
and with a frame rate that is typically between about 1-
20 fps. Together, the system can use the tracking signal
and image signal data to dynamically present anatomy
and one or more intrabody devices in the visualization in
near real-time. In some embodiments, the tracking signal
data is obtained and the associated spatial coordinates
are determined while the MR image data is obtained and
the resultant visualization(s) with the intrabody device
(e.g., flexible catheter using the tracking coil data) and
the near RT MR image(s) is generated.
[0041] In some embodiments, MR image data is ob-
tained during an active treatment such as during an ab-
lation, delivery of a drug or other material, valve repair
or replacement, lining repair, and the like, and the result-
ant visualization(s) with the flexible intrabody device used
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for this treatment (e.g., catheter, needle and the like)
along with one or more near RT MR images of local anat-
omy is substantially continuously rendered/generated. In
some particular embodiments, the system is a cardiac
EP system used to place a lesion pattern of transmural
lesions that creates a desired electrical isolation in the
cardiac tissue to treat the at-risk pathology/condition
(e.g., AFIB). The ablations are not required to be followed
in any particular direction or order. The ablation can be
carried out to generate one or more continuous and/or
contiguous lesions and/or several non-continuous or
non-contiguous lesions. The lesions may be linear
(whether straight or with a curvature such as circular or
curvilinear).
[0042] The term "intrabody device" is used broadly to
refer to any diagnostic or therapeutic medical device in-
cluding, for example, catheters, needles (e.g., injection,
suture, and biopsy), forceps (miniature), knives or other
cutting members, ablation or stimulation probes, injection
or other fluid delivery cannulas, mapping or optical
probes or catheters, sheaths, guidewires, fiberscopes,
dilators, scissors, implant material delivery cannulas or
barrels, and the like, typically having a size that is be-
tween about 5 French to about 12 French, but other sizes
may be appropriate.
[0043] Figure 1 illustrates an MRI interventional sys-
tem 10 with a scanner 10S and a flexible intrabody med-
ical device 80 proximate target tissue 100 at a device-
tissue interface 100i. The system 10 can be configured
to electronically track the 3-D location of the device 80
in the body and identify and/or "know" the location of the
tip portion 80t of the device (e.g., the ablation or needle
tip) in a coordinate system associated with the 3-D im-
aging space. As shown in Figure 1, the device 80 can
include a plurality of spaced apart tracking members 82
on a distal end portion thereof. In a particular embodi-
ment, the device 80 can be an ablation catheter and the
tip can include an ablation electrode, ablation balloon, or
other ablation source 80e (typically at least one at a distal
end portion of the device). Where used, the electrode
can be both a sensing and ablation electrode.
[0044] The tracking members 82 can comprise minia-
ture tracking coils, passive markers and/or a receive an-
tenna. In a preferred embodiment, the tracking members
82 include at least one miniature tracking coil 82c that is
connected to a channel lOch of an MRI Scanner 10S
(Figure 2). The MR Scanner 10S can be configured to
operate to interleave the data acquisition of the tracking
coils with the image data acquisition. The tracking data
is typically acquired in a ’tracking sequence block’ which
takes about 10 msec (or less). In some embodiments,
the tracking sequence block can be executed between
each acquisition of image data (the latter can be referred
to as an ’imaging sequence block’). So the tracking coil
coordinates can be updated immediately before each im-
age acquisition and at the same rate. The tracking se-
quence can give the coordinates of all tracking coils si-
multaneously. So, typically, the number of coils used to

track a device has substantially no impact on the time
required to track them.
[0045] Embodiments of the present invention provide
a new platform that can help facilitate clinical decisions
during an MRI-guided procedure and can present near
real time anatomical image data to the clinician in an
interactive visualization 100v. The visualizations 100v
(Figures 5A-5D) can be dynamically generated as the
intrabody device 80 moves in the body into and/or about
a target location, as a user rotates, crops or otherwise
alters a displayed visualization or view and/or during an
active therapy or diagnostic procedure step, e.g., while
ablating at target lesion sites or while approaching and/or
delivering a different therapeutic treatment, with minimal
latent time between serial MRI image data acquisitions,
typically less than about 5 seconds, typically substantially
continuously with a minimal latent time of about 1 second
or less, such as between about .001 seconds and 1 sec-
ond. Together, the system 10 can use the tracking sig-
nal(s) and image signal data to dynamically track the de-
vice 80 (which is typically a plurality of devices) and
present visualizations of the anatomy and one or more
intrabody devices 80 in near real-time. Notably, while the
at least one device is tracked in 3-D image space, the
device is not required to be imaged and is not required
to be in any of the relevant anatomical scan planes used
to obtain MR data for the near RT MRI images.
[0046] The term "physical representation" means that
a device is not actually imaged but rather rendered with
a physical form in the visualizations. Typically, the phys-
ical representation is a partial physical representation
which shows the distal end portion of the device in the
body in the 3-D MR image space. The physical repre-
sentation may be of any form including, for example, a
graphic with at least one geometric shapes, icons and/or
symbols. The physical representation is typically in 3-
dimensional form. In some particular embodiments, the
physical representation may be a virtual graphic substan-
tial replica substantially corresponding to an actual shape
and configuration of the physical appearance and/or con-
figuration of a portion (e.g., distal end portion) of the as-
sociated device (see, e.g., Figures 22A, 22B). The phys-
ical representation can be electronically generated
based on a priori knowledge of the dimensions and con-
figuration of the device. The tip and each tracking coil on
a distal end of a particular device may be shown in a
geometric shape (the same or different shapes, e.g., an
arrow for the tip and a sphere or block or other (typically
3-D) geometric shape or shapes for tracking coils, each
in its real location in the 3-D space and in its relative
position on the device and each may be rendered with
the same or a different color and with the same or a dif-
ferent shape. For example, the tip and each proximate
tracking coil may be shown in a different color.
[0047] The term "tortuous" refers to a curvilinear path-
way in the body, typically associated with a natural lumen
such as vasculature. The term "dynamic visualizations"
refers to a series of visualizations that show the move-
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ment of the device(s) in the body and can show a beating
heart or movement based on respiratory cycle and the
like.
[0048] The term "pre-acquired" means that the data
used to generate the model or map of the actual patient
anatomy was obtained prior to the start of an active ther-
apeutic or diagnostic procedure and can include imme-
diately prior to but during the same MRI session or at an
earlier time than the procedure (typically days or weeks
before).
[0049] Embodiments of the present invention can be
configured to guide and/or place flexible intrabody diag-
nostic and/or interventional devices in an MRI environ-
ment (e.g., interventional medical suite) to any desired
internal region of interest of a subject, typically via a nat-
ural lumen and/or tortuous path so that the intrabody de-
vices can take on different non-linear configura-
tions/shapes as it moves into position through a target
pathway (which may be a natural lumen or cavity). The
subjects can be animal and/or human subjects.
[0050] Some embodiments of the invention provide
systems that can be used to treat cardiac disorders such
as arrythmias including, but not limited to AFIB, or to re-
pair or replace cardiac valves, repair, flush or clean vas-
culature and/or place stents, and/or to deliver stem cells
or other cardio-rebuilding cells or agents or products into
cardiac tissue, such as a heart wall, via a minimally in-
vasive MRI guided procedure while the heart is beating
(i.e., not requiring a non-beating heart with the patient on
a heart-lung machine). The cardiac procedures can be
carried out from an inside of the heart or from an outside
of the heart. The cardiac procedures may be directed to
treating cardiac arrythmias or heart failure (e.g., conges-
tive heart failure, reduced heart function, and the like).
[0051] Embodiments of the system are also suitable
for delivering a therapeutic agent or carrying out another
treatment or diagnostic evaluation for other intrabody lo-
cations, including, for example, the brain, gastrointestinal
system, genitourinary system, spine (central canal, the
subarachnoid space or other region), vasculature or oth-
er intrabody locations. Additional discussion of exempla-
ry target regions can be found at the end of this document.
[0052] To be clear, while detailed drawings of exem-
plary flexible devices 80 are shown for tracking coils for
transseptal needles (septal puncture kit components)and
mapping and/or ablation catheters for cardiac use, em-
bodiments of the invention are not intended to be limited
to these devices nor to cardiac use. Exemplary devices
are listed above (and see, Figure 37). Exemplary (non-
cardiac) intrabody locations are listed at the end of this
document. For example, the device can be implemented
as injection catheters or diagnostic biopsy needles and
the like for any target anatomical location in the body.
See, e.g., U.S. Patent Application Serial No. 10/769,994
(intramyocardial injection needle), U.S. Patent No.
7,236,816 (biopsy needle), and U.S. Patent No.
6,606,513 (transseptal needle). Examples of a loop cath-
eter 80’’, mapping catheter 80’’’, (deformable) ablation

catheter 80’, and injection needle catheter 80’’’’ (one
80’’’’ view is an enlarged view of the needle with a track-
ing coil) are shown in Figure 37. The loop catheter and
mapping catheter includes both tracking coils 82c and
sensing electrodes 180s. All of the catheters may also
include at least one tracking coil 82c even if not shown
in the example views.
[0053] The system 10 and/or circuit 60c can calculate
the position of the tip 80t of the device as well as the
shape and orientation of the flexible device based on a
priori information on the dimensions and behavior of the
device 80 (e.g., for a steerable device, the amount of
curvature expected when a certain pull wire extension or
retraction exists, distance to tip from different coils 82
and the like). Using the known information of the device
80 and because the tracking signals are spatially asso-
ciated with the same X, Y, Z coordinate system as the
MR image data, the circuit 60c can rapidly generate vis-
ualizations showing a physical representation of the lo-
cation of a distal end portion of the device 80 with near
RT MR images of the anatomy.
[0054] In some embodiments, the tracking signal data
is obtained and the associated spatial coordinates are
determined while a circuit 60c in the MRI Scanner 10S
(Figure 2) and/or in communication with the Scanner 10S
(Figure 3) obtains MR image data. The reverse operation
can also be used. The circuit 60c can then rapidly render
the resultant visualization(s) 100v (see, e.g., Figures 5A-
5D) with the flexible device(s) 80 shown with a physical
representation based on spatial coordinates of the de-
vices in the 3-D imaging space identified using the asso-
ciated tracking coil data and the near RT MR image(s).
[0055] As will be discussed further below, generally
stated, in some embodiments, the circuit 60c can be con-
figured to allow a user (via a User Interface 25 associated
with a display, for example) to selectively show or not
show (e.g., turn on/off and/or fade) in one or more visu-
alizations on a display one or more of at least four different
data sets in either the rendered model 100M or in near
RT MRI images 100MRI of relevant scan planes during
a procedure. The model 100M can be a planning model
37M or different patient model.
[0056] The different data sets can include a first data
set associated with a volumetric model or map 100M of
the patient (which may be shown in wire form), a second
data set associated with tissue data maps 30 (e.g., tissue
data based on image data such as edema, DHE and the
like, and/or electroanatomical data), a third typically near-
RT MRI scan (image) data set of relevant anatomic struc-
ture, and a fourth target site 55t data set. As will be dis-
cussed further below, a pre-acquired patient planning
map can be used to identify at least one target site 55t
and the planning map can be registered to the 3-D MRI
image space which also registers the location of the tar-
get site in the 3-D space to allow the target site 55t to be
shown in the visualizations in proper 3-D space location
in either or both the near RT images or in the rendered
registered model. The model 100M, the tissue data and
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the target sites (and the images 100MRI) can be turned
"on" or "off" in the visualizations by a user and can be
used to drive the MRI-guided procedure. For example, a
"live" near RT MRI image of patient tissue can be shown
in the visualization and a user (physician) can select to
show at least one target treatment site in the image space
in the near RT MRI image. The user may also show the
model 100M in wire form with or without tissue data (e.g.,
DHE or edema map data). For example, as a therapeutic
device/catheter 80 approaches a target site, the model
100M can be turned off or faded to a faint visibility with
respect to near RT images can be shown. A user can
also or alternatively select to show the target treatment
sites 55t in the near RT images 100MRI without the model
or with the model faded.
[0057] The circuit 60c can be totally integrated into the
MR Scanner 10S (e.g., control cabinet), partially integrat-
ed into the MR Scanner 10S or be separate from the MR
Scanner 10S but communicate therewith. If not totally
integrated into the MR Scanner 10S, the circuit 60c may
reside partially or totally in a workstation 60 and/or in
remote or other local processor(s) and/or ASIC. Figure
3 illustrates that a clinician workstation 60 can commu-
nicate with the MR Scanner 10S via an interface 44. Sim-
ilarly, the device 80 in the magnet room can connect to
the MR Scanner 10S via an interface box 86 which may
optionally be integrated into the patch panel 250.
[0058] As shown in Figures 2 and 3, for example, the
system 10 can include at least one (interactive) display
20 in communication with the circuit 60c and/or the Scan-
ner 10S. The display 20 can be configured to display the
interactive visualizations 100v. The visualizations 100v
can be dynamic showing the movement of the device 80
relative to the intrabody anatomical structure shown by
the displayed near-real time MRI image.
[0059] The system 10 can include a User Interface (UI)
25 with several UI controls 25c (Figure 7), such as a
graphic UI (GUI), in communication with the display 20
and may be configured to allow a user to select to show
one or more pre-acquired or in situ generated maps
and/or images 30 of target tissue including different tis-
sue characterization maps and/or an optional EA map
(or data from those maps) which can be shown in and/or
with the visualization 100v. For example, the system 10
can be configured to allow a user to select to show a map
(or data from the map) of patient vasculature and/or fi-
brous tissue based on pre-acquired image data (such as
segmented MRA (Magnetic Resonance Angiography or
other image slices) with the map or data therefrom being
registered to and overlaid (superimposed) onto or incor-
porated into at least one of the models 100M or images
100MRI in the visualization and can be selectively turned
on and off by a user. This information may help a clinician
select a treatment site or avoid a treatment site or other-
wise affect clinical choices. For example, for cardiac use,
if vasculature with a relatively large blood flow is shown
in a target lesion or injection space in cardiac tissue
and/or if fibrous tissue is shown, a clinician may choose

another spot or, where ablation is the therapy, may ablate
longer to form a transmural lesion. Further examples of
display options will be discussed further below.
[0060] In some embodiments, the system/circuit can
employ interactive application of non-selective saturation
to show the presence of a contrast agent in near real-
time scanning. This option can help, for example, during
image-guided catheter navigation to target tissue that
borders scar regions. See, e.g., Dick et al., Real Time
MRI enables targeted injection of labeled stem cells to
the border of recent porcine myocardial infarction based
on functional and tissue characteristics, Proc. Intl. Soc.
Mag. Reson. Med. 11, p. 365 (2003); Guttman et al., Im-
aging of Myocardial Infarction for Diagnosis and Inter-
vention Using Real-Time Interactive MRI Without ECG-
Gating or Breath-Holding, Mag. Reson. Med, 52: 354-361
(2004), and Dick and Guttman et al., Magnetic Reso-
nance Fluoroscopy Allows Targeted Delivery of Mesen-
chymal Stem Cells to Infarct Borders in Swine, Circula-
tion, 2003; 108:2899-2904, which describe, inter alia, im-
aging techniques used to show regions of delayed en-
hancement in (near) real-time scans.
[0061] Figure 2 illustrates that the device 80 can in-
clude at least one conductor 81, such as a coaxial cable,
that connects a respective tracking coil 82c to a channel
10ch of the MR Scanner 10S. The MR Scanner 10S can
include at least 16 separate channels, and typically more
channels but may operate with less as well. Each device
80 can include between about 1-10 tracking coils, typi-
cally between about 2-6. The coils 82c on a particular
device 80 can be arranged with different numbers of
turns, different dimensional spacing between adjacent
coils 82c (where more than one coil is used) and/or other
configurations. The circuit 60c can be configured to gen-
erate the device renderings based on tracking coil loca-
tions/positions relative to one another on a known device
with a known shape and/or geometry or predictable or
known changeable (deflectable) shape or form (e.g., de-
flectable end portion). The circuit can identify or calculate
the actual shape and orientation of the device for the
renderings based on data from a CAD (computer aided
design) model of the physical device. The circuit can in-
clude data regarding known or predictable shape behav-
ior based on forces applied to the device by the body or
by internal or external components and/or based on the
positions of the different tracking coils in 3-D image space
and known relative (dimensional) spacing.
[0062] As shown in Figure 3, the display 20 can be
provided in or associated with a clinician workstation 60
in communication with an MRI Scanner 10. Other dis-
plays may be provided. The MRI Scanner 10S typically
includes a magnet 15 in a shielded room and a control
cabinet 11 (and other components) in a control room in
communication with electronics in the magnet room. The
MRI Scanner 10S can be any MRI Scanner as is well
known to those of skill in the art. Examples of current
commercial scanners include: GE Healthcare: Signa
1.5T/3.0T; Philips Medical Systems: Achieva 1.5T/3.0T;
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Integra 1.5T; Siemens: MAGNETOM Avanto; MAGNE-
TOM Espree; MAGNETOM Symphony; MAGNETOM
Trio; and MAGNETOM Berio.
[0063] The tracking coils 82c can each include a tuning
circuit that can help stabilize the tracking signal for faster
system identification of spatial coordinates. Figure 4 il-
lustrates an example of a tuning circuit 83 that may be
particularly suitable for a tracking coil 82c on a catheter.
As shown, CON1 connects the coaxial cable to the track-
ing coil 82c on a distal end portion of the device 80 while
J1 connects to the MR Scanner channel 10ch. The Scan-
ner 10S sends a DC bias to the circuit 83 and turns U1
diode "ON" to create an electrical short which creates a
high impedance (open circuit) on the tracking coil to pre-
vent current flow on the tracking coil and/or better tracking
signal (stability). The tuning circuit can be configured to
have a 50 Ohm matching circuit (narrow band to Scanner
frequency) to electrically connect the cable to the respec-
tive MR Scanner channel. When the diode U1 is open,
the tracking coil data can be transmitted to the MR Scan-
ner receiver channel lOch. The C1 and C2 capacitors
are large DC blocking capacitors. C4 is optional but can
allow for fine tuning (typically between about 2-12 pico-
farads) to account for variability (tolerance) in compo-
nents. It is contemplated that other tuning circuits and/or
tracking signal stabilizer configurations can be used. The
tuning circuit 83 can reside in the intrabody device 80
(such as in a handle or external portion), in a connector
that connects the coil 82c to the respective MRI scanner
channel 10ch, in the Scanner 10S, in an interface box
86 (Figure 2), a patch panel 250 and/or the circuit 83
can be distributed among two or more of these or other
components. Where multiple devices 80 are tracked con-
currently (and rendered and shown in the visualizations),
the circuit 60c can correlate the respective tracking coils
to the corresponding device and identify the different de-
vices. Typically, the device identifiers are "unique" elec-
tronic identifiers with pre-defined values such as different
resistance values.
[0064] In some embodiments, each tracking coil 82c
can be connected to a coaxial cable 81 having a length
to the diode via a proximal circuit board (which can hold
the tuning circuit and/or a decoupling/matching circuit)
sufficient to define a defined odd harmonic/multiple of a
quarter wavelength at the operational frequency of the
MRI Scanner 10S, e.g., λ/4, 3λ/4, 5λ/4, 7λ/4 at about
123.3 MHz for a 3.0T MRI Scanner. This length may also
help stabilize the tracking signal for more precise and
speedy localization. The tuned RF coils can provide sta-
ble tracking signals for precise localization, typically with-
in about 1 mm or less. Where a plurality (e.g., two closely
spaced) adjacent tracking coils are fixed on a substan-
tially rigid material, the tuned RF tracking coils 82 can
provide a substantially constant spatial difference with
respect to the corresponding tracking position signals.
[0065] The tracking sequence used in the system 10
can intentionally dephase signal perpendicular to the
read-out direction to attenuate unwanted signal from 1)

bulk objects and 2) regions sensed by other signal sen-
sitive parts of the catheter which couple to the tracking
coil 82c (e.g. the coaxial cable along the catheter shaft).
This tends to leave only a sharp peak indicating the po-
sition of the tracking coil.
[0066] The tracking sequence block can include or
consist of a plurality of (typically about three) repetitions
of a small flip-angle excitation. Each repetition is de-
signed to indicate the x, y or z component of the tracking
coil coordinates in succession. Frequency encoding is
used along the x-direction to obtain the x-coordinate, the
y-direction for the y-coordinate, and the z-direction for
the z-coordinate. When the frequency encoding is in the
x-direction, the other two directions (y and z) are not spa-
tially encoded, producing projection (spatially integrated)
signals in those directions from all excitation regions. The
dephasing gradient attempts to attenuate unwanted sig-
nal included in these projections. Once the tracking se-
quence block is complete, a spoiler gradient can be used
to dephase any transverse signal remaining from the
tracking before the imaging sequence block is executed.
[0067] The imaging sequence block obtains a portion,
depending on the acceleration rate, of the data used to
reconstruct an image of a single slice. If the acceleration
rate is 1, then all of the data for an image is collected. If
the acceleration rate is 2, then half is collected, etc. If
multiple slices are activated, then each successive im-
aging block collects data for the next slice, in ’round robin’
fashion. If any magnetization preparation (e.g., satura-
tion pulses) is activated, these are executed after the
tracking sequence block, immediately before the imaging
sequence block.
[0068] Additional discussion of tracking means and ab-
lation catheters can be found in U.S. Patent No.
6,701,176, and U.S. Provisional Application Serial No.
61/261,103. Exemplary ablation catheters will be dis-
cussed further below.
[0069] Referring now to Figures 5A-5D and 6, exam-
ples of visualizations 100v with a physical representation
80R of the intrabody device 80, a volumetric model 100M
of target anatomical structure and near real-time MRI im-
ages 100MRI. The circuit 60c/Scanner 10S is configured
to present a 3-D volumetric model of at least a portion of
the patient’s target anatomy (shown as the heart) 100M
in the visualization 100v with the model registered to the
3-D imaging space along with a physical representation
of at least the distal end portion of the at least one intra-
body device 80R in the imaging space. Optionally, the
visualizations can be carried out to show the tracking
coils in the physical representation of the distal end por-
tion of the medical device in different colors using the
identified location of the tracking coils and defined form
factor and/or dimensional data regarding actual coil
placement on the device.
[0070] The circuit 60c can be configured to generate
the visualizations 100v with at least two visual reference
planes 41, 42 (shown with a third intersecting plane 43)
that are typically oblique or orthogonal to each other and
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extend through at least a major portion of the visualization
100v. The planes 41, 42 (and 43) can be transparent
and/or translucent. They may be shown with different
color perimeters that correspond to a respective two-di-
mensional image slice (which may be shown as thumb-
nails on the display also with a perimeter of similar or the
same color).
[0071] The planes 41, 42 can move relative to each
other in the imaging space or may be locked together, in
any case they can be configured to move relative to the
model 100M in the imaging space. As shown in Figures
5A-5D, a user can rotate and zoom the visualization 100v
which automatically adjusts the visualization shown on
the display. As also shown, the flexible device 80 is not
required to be in any of the relevant anatomical scan
planes used to obtain MR data for the at least one near
RT MRI image 100MRI in the visualization and the distal
end portion 80d of the flexible device 80 can take on a
curvilinear shape and the tip 80t can be steered or guided
into different target positions.
[0072] In some embodiments, as shown in Figure 5D,
the circuit 60c is configured to associate a tip location of
the at least one device 80 with an arrow 82a and render
the visualization so that each tracking coil 82 on the distal
end portion 80d has a shape 82s with a color, with each
tracking coil 82 having a respective different color from
the other tracking coils, and with a line or spline 82l con-
necting the tip 82a and the coils 82c and the line 82l is
able to flex, bend and move to reflect movement of the
device 80 in the visualizations 100v. The system/circuit
can be configured to display color-highlighted images
generated using tracking coil data from the MR Scanner
tracking coil channels so as to display the coils as color
high-lighted features in the 3D rendering of the physical
representation of the device (e.g., catheter).
[0073] Figure 6 illustrates that the system 10 can be
configured to show both the interactive visualization 100v
in one viewing window 20w1 and an MRI image 100MRI
alone in a second viewing window 20w2. The MRI image
100MRI in the second window 20w2 is typically associ-
ated with the target anatomy location identified by a user
in the interactive visualization 100v in the first viewing
window 20w1.
[0074] As shown in Figure 7, the display 20 can have
a UI 25 which can be configured to allow a physician or
other clinician to select whether to show near-real-time
MR images of target tissue 100MRI either with a model
100M of the target anatomical structure (Figure 7) and/or
in a separate viewing window (Figures 6, 13-16). The
circuit 60 is in communication with at least one display
20 with the User Interface 25.
[0075] The User Interface 25 can be configured to al-
low a user to alter the displayed visualization (fade) to
include only a near RT image of the anatomy, to include
the near RT image of the anatomy and the registered
model of the heart, or to include only the registered mod-
el, see, for example, Figure 7 showing both types of im-
ages in the visualization 100v with Figure 9 which shows

only the model 100M. The UI 25 can be an on/off selection
of these options or may "fade" from one viewing option
to another. As shown, a virtual sliding control 25c allows
a user to change what is shown ((near) RTMRI 100MRI
to only the Model 100M).
[0076] The circuit 60c can also be configured to gen-
erate MRI images which show the device location in near
real time (in the MR image space). The UI 25 can also
be configured to allow a user to turn off and/or fade the
renderings of the device 80 in and out of the visualizations
with rendered views of the device versus actual images
of the device to confirm location or for additional visual
input. The device may include other fiducial markers
(e.g., a passive marker or an active marker such as re-
ceive antenna) for facilitating the visual recognition in the
MR image.
[0077] The UI 25 typically includes multiple GUI con-
trols that can include a touch screen input control to allow
a clinician/physician to select a region of interest in the
map 100M by placing a cursor or by touching the screen
at a region of interest. This can cause the system to obtain
real time MR image data of that region and provide the
associated image on the display and/or define scan
planes (which may be preset scan planes) at that location
in space.
[0078] Referring again to Figure 7, for example, the
display 20 can be in communication with a UI 25 that
provides a plurality of user selectable different maps 30
so that the map or data therefrom can be "turned on and
off" on the displayed 3-D anatomical map registered to
the imaging space. The different maps can comprise a
patient-specific 3-D (volumetric) anatomical map, and/or
data that can be shown on the 3-D anatomical map, ob-
tained in or registered to the MRI 3-D imaging space used
during the MR guided procedure. For tissue characteri-
zation maps, the maps include spatially correlated tissue
characterization data taken from MR image data incor-
porated therein as discussed above. The UI 25 can in-
clude multiple different GUI (Graphic User Input) controls
25c for different functions and/or actions. The GUI con-
trols 25c may also be a toggle, a touch screen with di-
rection sensitivity to pull in one direction or other graphic
or physical inputs.
[0079] The user selectable patient-specific maps 30
including a plurality of tissue maps, typically including at
least one, and more typically several types of, tissue char-
acterization maps (or data associated with such maps to
be shown (superimposed) on a registered anatomic mod-
el) associated with the procedure that can be selected
for viewing by a user. The UI 25 can also include GUI
controls that allow a user to select two or more of the
tissue maps, with such data able to be shown together
(overlaid and registered and/or as a composite im-
age/map) or separately. As shown, the maps 30 and/or
data therefrom, may include at least a plurality of the
following:

(a) a regional evaluation scan map 32r (Figure 17)
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and/or a global evaluation scan map 32g (Figure
13) which shows tissue information, e.g., actual le-
sion patterns in one region to allow a clinician to view
regional ablation information (such as at the LA (left
atrium), a PV (pulmonary vein) and the like);

(b) pre-procedure MRI cardiac scans 34;

(c) DHE 1 (Delayed Hyper Enhancement) tissue
characterization map 35a taken at a first point in time
(such as a week or just prior to the procedure) (Fig-
ure 28);

(d) DHE 2 tissue characterization map 35b taken at
a second point in time, such as during a procedure,
potentially toward an end of the procedure (for car-
diac ablation procedures that can be used to confirm
complete electrical isolation of the PV (pulmonary
veins) or other targets prior to terminating the pro-
cedure - alternatively the DHE 2 map can be asso-
ciated with the end of a prior EP ablation procedure)
(Figure 27);

(e) an EA (electroanatomical) map 35c (Figure 17);

(f) an edema tissue characterization map 35d (Fig-
ure 19);

(g) other tissue characterization maps 35e, for ex-
ample:

(i) a composite thermal tissue characterization
map that shows positions of increased temper-
ature that were caused by ablation of tissue dur-
ing the procedure;
(ii) ischemic (oxygen deprived or lacking) tissue
characterization map;
(iii) hypoxic or necrotic tissue characterization
map;
(iv) fibrous tissue map;
(v) vasculature map;
(vi) cancer cell/tissue map (where cancer is the
condition being treated);
(vii) a fluid distribution map (for visualizing in-
jected or otherwise delivered therapeutic fluid in
local tissue of the target anatomical structure);
(viii) light exposure maps;

(h) at least one procedure planning map 37M with
one or more target sites 37p (also referred to inter-
changeably herein as sites 55t) and a later tissue
map showing actual sites 37a (e.g., target and actual
ablation sites) shown in different colors, opacities
and/or intensities for ease of reference (see, e.g.,
Figure 10, red/darker spots associated with target
and green or lighter spots associated with actual);
and

(i) device views 36 that show the physical represen-
tation of the device 80 in the surgical/imaging space,
e.g., with an ablation catheter 36a shown in position
and/or a mapping (loop) catheter 36b as devices 80
shown in position (Figures 9, 11). These device
maps 36 may be used/displayed, for example, during
a navigation mode. The default action may be to
show these devices at least in the navigation mode
but a user can deselect this choice. The devices may
also be "turned" off or faded or shown in wire grid or
otherwise in the visualizations subject typically to us-
er input.

[0080] The tissue maps 30 (or associated tissue data)
are typically registered to the 3-D coordinate MRI image
space (manually or via automatic electronic image align-
ment registration means) or obtained during the proce-
dure so that the MR image data is in the 3-D MRI image
space. In some embodiments, relevant image scan
planes and MR image data of the patient can be imported
and/or incorporated into one or more of the tissue maps
so that the map(s) can be updated over time (including
in real time) using MR image data correlated with the
anatomical location on the (updated) tissue map 30 au-
tomatically or upon request by a user. EA maps can be
generated using tracking and/or mapping catheters in
the 3-D MRI image space which may provide a more
accurate or timely EA map (without requiring registration
of a pre-acquired map).
[0081] The tissue map(s) 30 can be generated using
MR image data that shows normal and abnormal status,
conditions and/or behavior of tissue or status of tissue in
response to a treatment. For example, a tissue charac-
terization map(s) can show a thermal profile in different
colors (or gray scale) of cardiac tissue in a region of in-
terest and/or globally. In other embodiments, a tissue
characterization map can illustrate one or more of infarct
tissue, other injured tissue such as necrotic or scar tissue,
hypoxic, ischemic, edemic (e.g., having edema) and/or
fibrotic tissue or otherwise impaired, degraded or abnor-
mal tissue as well as normal tissue on an anatomical
model of the heart. In yet other embodiments, the tissue
maps can illustrate portions of the heart (e.g., LA or pos-
terior wall) with lesser or greater wall motion, and the like.
[0082] In some embodiments, the system can be used
to deliver a therapeutic to target anatomy using an injec-
tion needle or fluid delivery cannula. A fluid distribution
map or data therefrom can be shown on the model 100M
or in the MRI image 100MRI (without requiring the ren-
dered model). For example, to treat heart failure, a ther-
apeutic agent can be injected into one or more target
locations in infarct or abnormal cardiac tissue. Typically,
the injection is carried out in several spots to generate a
desired coverage pattern or area/volume. The fluid dis-
tribution map can be used to confirm that desired cover-
age of the cardiac tissue was obtained based on the in-
jections. If not, another ("clean-up") target site or sites
can be identified and the sites can be injected with the
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therapeutic agent. In other embodiments, a previous in-
jection site may need additional volumes of the agent,
so that same site can be treated again. The fluid distri-
bution map can be generated based on MRI image data
alone. In other embodiments, a fluid distribution map can
be generated based on a known injection site or sites,
and a known volume of injected agent (which may be
measured in situ or based on a known flow rate and
known time of injection). This data can be used to gen-
erate an estimated fluid distribution map. In other em-
bodiments, a fluid distribution map can be generated
based on both MR image data and injection amounts. In
some embodiments, the system/circuit 60c can indentify
a spatial grouping of injection sites and electronically se-
lect a scan plane or scan planes that can be set through
the injection sites to obtain near RT MRI image data or
obtain image data after the injections (such as for a re-
gional or global coverage evaluation prior to the end of
the MRI-guided procedure). For cardiac injections for
some heart repairs, a planning map 37M identifying inf-
arct tissue and normal (healthy) tissue boundaries can
be used to identify target injection sites 55t. This map
37M can be registered to the MRI image space. A target
site 55t can be associated with the X, Y, Z location in the
MRI image space. Near RT images 100MRI can be gen-
erated during the injections (similar to the ablations) to
allow a physician to see "live" the injection distribution or
disbursement. This fluid distribution map can be elec-
tronically provided as a data set that can be selectively
shown on the anatomical model 100M. The therapeutic
agent can be any suitable agent including, for example,
stem cells (and may be directed to rebuilding cardiac
tissue) and is MRI visible.
[0083] Other embodiments can generate light expo-
sure maps to evaluate optical light exposure of target
tissue (or light activated drugs in such tissue) similar to
the fluid distribution map discussed above. The light ex-
posure map can be based on an internal laser or other
light source that exposes the tissue to non-ablative en-
ergy.
[0084] Whether a parameter or tissue characteristic is
shown in a respective tissue map 30 as being impaired,
degraded or otherwise abnormal or affected by a therapy
versus normal or untreated can be based on the intensity
of pixels of the tissue characteristic in the patient itself or
based on predefined values or ranges of values associ-
ated with a population "norm" of typical normal and/or
abnormal values, or combinations of the above.
[0085] Thus, for example, normal wall motion can be
identified based on a comparison to defined population
norms and different deviations from that normal wall mo-
tion can be shown as severe, moderate or minimal in
different colors relative to tissue with normal wall motion.
[0086] In another example, a thermal tissue character-
ization map 30 can illustrate tissue having increased tem-
peratures relative to other adjacent or non-adjacent tis-
sue. Thus, for example, during or shortly after ablation,
the lesioned tissue and tissue proximate thereto can have

increased temperatures relative to the non-lesioned tem-
perature or tissue at normal body temperatures. Areas
or volumes with increased intensity and/or intensity levels
above a defined level can be identified as tissue that has
been ablated. The different ablation sites 55t can be
shown on the map 30 as areas with increased tempera-
tures (obtained at different times during the procedure)
and incorporated into the thermal tissue characterization
map 30 automatically and/or shown upon request.
[0087] In some embodiments, the tissue characteristic
map 30 uses MR image data acquired in association with
the uptake and retention of a (e.g., T-1 shortening) con-
trast agent. Typically, a longer retention in tissue is as-
sociated with unhealthy tissue (such as infarct tissue,
necrotic tissue, scarred tissue and the like) and is visually
detectable by a difference in image intensity in the MR
image data, e.g., e.g. using a T1 weighted sequence, to
show the difference in retention of one or more contrast
agents. This is referred to as delayed enhancement (DE),
delayed hyper-enhancement (DHE) or late gadolinium
enhancement (LGE). As discussed above, in some em-
bodiments, the system/circuit can employ interactive ap-
plication of non-selective saturation to show the presence
of a contrast agent in near real-time scanning. This option
can help, for example, during image-guided catheter nav-
igation to target tissue that borders scar regions. Thus,
the DHE image data in a DHE tissue characterization
map can be pre-acquired and/or may include near-RT
image data.
[0088] The tissue map is typically a volumetric, 3-D or
4-D anatomical map that illustrates or shows tissue char-
acterization properties associated with the volume as dis-
cussed above. The map can be in color and color-coded
to provide an easy to understand map or image with dif-
ferent tissue characterizations shown in different colors
and/or with different degrees of a particular characteri-
zation shown in gray scale or color coded. The term
"color-coded" means that certain features or conditions
are shown with colors of different color, hue or opacity
and/or intensity to visually accentuate different condi-
tions or status of tissue or different and similar tissue,
such as, for example to show fluid distribution from an
injected therapeutic or lesions in tissue versus normal or
non-lesion or non-injected/affected tissue.
[0089] In some embodiments, the UI 25 can be con-
figured to allow a clinician to increase or decrease the
intensity or change a color of certain tissue characteri-
zation types, e.g., to show lesion tissue or tissue having
edema with a different viewing parameter, e.g., in high-
contrast color and/or intensity, darker opacity or the like.
A treatment site, such as a lesion site(s) in/on the tissue
characterization map 30 can be defined based on a po-
sition in three-dimensional space (e.g., where an elec-
trode is located based on location detectors, such as
tracking coils, when the ablation electrode is activated to
ablate), but is typically also or alternately associated with
MRI image data in associated scan planes to show an
ablation site(s) in an MRI image. The MR image data

25 26 



EP 2 440 131 B1

15

5

10

15

20

25

30

35

40

45

50

55

may also reflect a change in a tissue property after or
during ablation during the procedure, e.g., DHE, thermal,
edema and the like.
[0090] The circuit 60c can be configured to generate
a tissue map 37M (Figure 27) that is a difference or a
comparison map that is generated from a pre-procedure
or start-of procedure tissue data and an intra-procedure
tissue data to show the differences based on the proce-
dure. The "before" and "after" maps can be electronically
overlaid on a display and shown in different colors, opac-
ities and/or intensities or corresponding pixel values from
each image in a region of interest (ROI) can be subtracted
to show a difference map or otherwise integrated into a
composite map. Again, the UI 25 can allow a clinician to
select or deselect (or toggle between) the before or after
tissue characterization maps or adjust display preferenc-
es to allow a visual review of differences.
[0091] A regional update tissue map 32 can be used
to evaluate whether target or actual treatment sites have
been successfully treated, e.g., whether ablated loca-
tions have the desired transmural lesion formation. For
example, the UI 25 can allow the clinician to select a high
resolution or enlarged view of the actual ablated tissue
merely by indicating on the interactive map 100M, such
as a regional evaluation tissue map, a desired region of
interest (e.g., by pointing a finger, cursor or otherwise
selecting a spot on the display). For example, a high res-
olution MR image of suspect tissue in the LSPV can be
shown so that the physician can see actual tissue in the
desired spot indicated on the tissue characterization
map. New targets can be electronically marked on the
map as needed and scan planes can be automatically
electronically be selected, identified or otherwise asso-
ciated with the new target location.
[0092] Figure 13 shows the display 20 with side-by-
side viewing windows, one window showing the visuali-
zation with the map 100M (which may be a tissue char-
acterization map) and the other window with at least one
near RT MRI image of local tissue during an active treat-
ment mode.
[0093] Figures 22A and 22B illustrate two windows of
the axial and en face views of local tissue. Figure 22A
shows the tissue prior to ablation and Figure 22B shows
the tissue during or after an ablation. For example, during
an ablation mode the system can use a default viewing
rule to display the near real time MR image data of the
affected tissue during the treatment, e.g., ablation, typi-
cally showing both en face and side views of the local
tissue and treatment (ablation tip) according to embodi-
ments of the present invention. In certain embodiments,
the interactive visualization map 100v and/or model
100M may not be displayed during all or some of the
ablation.
[0094] Referring to Figures 8, 12, and 25, in some em-
bodiments, the UI 25 can also include a user input control
25c to allow a user to identify and/or select (e.g., mark)
target ablation sites 55t on a tissue planning map 37M
and subsequently provide planned and actual ablation

tissue maps 37a or (which may be overlaid with different
colors for easy comparison in viewing) or merged into a
composite map that indicates both planned and actual
sites (Figure 10).
[0095] Figure 14, 17 and 21 illustrate enlarged (high
resolution image) views of tissue that can be shown
based on actual MR image data. This allows a physician
to see the tissue that is targeted for treatment (e.g., ab-
lation) prior to and/or during treatment (e.g., ablation).
This type of viewing can be carried out during a planning
stage or to evaluate lesions after ablation rather than just
during the treatment for tissue-specific data. In some em-
bodiments, the enlarged image views can be shown in
response to user input in the interactive visualization.
That is, the image views can be based on the placement
of a target treatment site 55t in or on the map 100M.
[0096] Figure 14 illustrates that a clinician (physician)
can mark an area on the model 100M of the interactive
visualization 100v shown as a circle toward the left side
of the left window. Figure 15 shows that the lesion pattern
may be incomplete. Figure 16 illustrates that the marked
area in Figure 14 may define the scan plane for the close-
up views in the right hand viewing window.
[0097] Figures 10, 12 and 13 illustrate a "complete"
planning map 37M with a number of target ablation sites
37p/55t for forming desired transmural lesions and/or
electrical isolation patterns as selected by the physician
(user). Figure 10 illustrates both planned and actual
treatment sites. After a planned ablation pattern is indi-
cated, or as a mark or particular lesion site is selected
and/or placed on the planning map 37M, a physician/user
can review real-time MR image data of the spot and affirm
the selected site is a desired target ablation site(s) 55t.
Figure 8 illustrates that the display can show a planned
ablation site pattern 55t applied to the model 100M along
with near real time patient MRI data.
[0098] In some embodiments, the planned treatment
(e.g., ablation) pattern can use an electronically gener-
ated (default) template based on a predefined condition
to be treated and certain fiducials associated with the
target anatomy. The template may also be based on a
clinician-specific preference for such a condition that can
be electronically stored for use over different patients.
The template can be modified based on patient-specific
anatomy or other information. The ablation pattern can
be electronically "drawn" or marked on the model 100M
prior to its registration in the image space. The system
can be configured to electronically identify relevant scan
planes for the different marked lesion sites or areas after
registration in the image space or propose scan planes
that match contour of local anatomy that will include the
target ablation site(s).
[0099] Figure 17 illustrates that the display can show
the interactive visualization 100v in one viewing window
and that previous ablations in the indicated region can
have an electronic associated scan plane(s) that can be
used to define a new (or current) scan plane for regional
evaluation of the lesion or other therapy.
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[0100] Figure 20 shows that the visualization 100v can
be used to confirm a desired therapy plan (ablation sites)
and set a regional scan plane. Note also the difference
from Figure 8 with the visualization showing the model
more predominant than the MR image data according to
user input.
[0101] The model/map 100M can be shown in wire grid
form (Figure 9) or in varying intensity or opacity based
on user input or default settings. Figure 9 also shows
the near RT image data suppressed or not shown in the
visualization 100v.
[0102] Figure 22A shows that scan planes for the ther-
apeutic (e.g., ablation) view(s) can be automatically de-
termined based on the identified location of the tracking
coil(s) 82c as discussed above.
[0103] The circuit 60c can electronically define and
pre-set scan planes associated with a respective target
ablation site correlated to an actual location in 3-D space
which is then electronically stored in electronic memory
as pre-set scan planes for that target location. The MRI
images in treatment-view mode (e.g., ablation-view
mode) can automatically be displayed when the treat-
ment device 80 reaches the corresponding physical lo-
cation in the target anatomy (e.g., heart) during the pro-
cedure. The planned target sites 55t may also used to
define the physician view (3-D perspective), e.g., a preset
view, whenever the treatment device 80 (e.g., ablation
catheter) is in proximity to the defined location associated
with the target site. Thus, the target sites 55t identified
in the planning map 37M can be used to preset both
associated scan planes with real time MRI and the 3-D
view for display without requiring further clinician input.
[0104] During the procedure, as the distal end of the
device 80 (e.g., ablation catheter) approaches a location
that corresponds to a target treatment (e.g., ablation) site
55t, the circuit 60c (e.g., MR Scanner 10S) can automat-
ically select scan planes that "snap to" the tip and/or distal
end portion location using a scan plane defined "on the
fly" based on the calculated location of the distal end
portion of the device (typically selected so that the slice
includes a region offset from and/or projected forward a
distance beyond the device such as between about 0-4
mm, typically about 1-2 mm) and/or using one or more
of the preset scan planes associated with that location
to obtain real-time MR image data of the associated tis-
sue. The scan planes can be adjusted in response to
movement of the device (as typically detected by tracking
coils) prior to or during treatment. Figure 11 indicates an
auto-view using a recalled preset scan plane as the de-
vice 80 nears or contacts target tissue. In some embod-
iments, the system may automatically enable or disable
ECG gating as necessary when defining scan planes,
markers, recording electrograms, and the like.
[0105] In some embodiments, the snap-to scan
plane(s) can be carried out based on the position of two
closely spaced tracking coils 82c on a distal end of the
device 80. The two coils 82c can be held on a relatively
rigid substrate or catheter end with between about 2-10

turns/coil. The tracking coils 82c can be connected via a
respective coaxial cable to the MR scanner 10S as noted
above. The snap-to or projected scan plane can be pro-
jected a distance beyond the calculated tip location, such
as between about 0-4 mm as discussed above. This em-
bodiment may be particularly suitable for a deflectable
end ablation catheter with a tip RF electrode. In other
embodiments, such as for a loop catheter, the tracking
coils 82c can be held on a loop end of the device and
reside on a common plane. The circuit 60c can be con-
figured to define the plane based on the location of at
least three of the tracking coils 82c. The tissue-device
interface for the snap-to location can be selected to be
parallel and proximate the identified plane (e.g., between
about 0-4 mm from the plane). In yet another embodi-
ment, a device can have between about 1-20 tracking
coils along its length (e.g., along a distal end portion
thereof). The snap-to location can be based on a location
that is tangent and in-line with at least two of the tracking
coils (e.g., 2, 3, 4 coils on the shaft). The device may
deflect and the position of at least some of the tracking
coils may change relative to each other. This embodi-
ment may be particularly suitable for a mapping catheter
which has a mostly straight configuration but may have
a curved portion.
[0106] For example, in some embodiments, the circuit
60c and/or MR Scanner 10S can adjust the scan planes
if the physician moves the ablation catheter to obtain slic-
es that show the ablation of the lesion including side and
en face views showing near real-time MRI of the tissue
being ablated. The scan planes are selected to include
slices that are projected outward a distance axially along
the line of the device to include relevant tissue. For an
optimal or proper en face view the scan plane can be
oriented to a plane that is substantially parallel to the
target tissue surface (e.g., proximate a tip of the device).
This can be done based on coordinates of the 3D seg-
mentation / model relative to the tip position.
[0107] To obtain a slice with a relevant scan plane for
the en face view, the device tip can be used to define
one point and the circuit could identify a plurality of ad-
ditional points (e.g., about three more points) on the sur-
face of the model 100M. Those additional points can be
a short radius away from the device tip (i.e., similar to a
spoke and wheel pattern). Distance of the (three) radial
points should be closely spaced relative to the center
point, particularly for curved tissue surfaces (e.g., the car-
diac walls being ablated or otherwise treated will usually
be curved, and in some cases, even have complex curves
like the PV ostia). Choosing this distance may be made
with reference to typical human cardiac anatomy, the dis-
tance of those points may be between about 3 to 5mm.
In some particular embodiments, the following steps may
be used to obtain the en face views.

1. Project a line forward from the most distal tracking
coils on the intrabody device.
2. Electronically generate (e.g., mark) a temporary
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point where that projected line intersects the surface
of the 3D model
3. Use that temporary point of intersection as the
center of the "wheel" and calculate the location of
three points on the rim of the wheel.
4. Prescribe a temporary plane that includes the
three rim points.
5. Translate the temporary plane until the temporary
center point becomes coterminous with the actual
tip of the device (assuming that the tip is actually
against the target tissue (e.g., cardiac wall).
6. Set the scan plane based on this calculated plane
for the en face view.

[0108] It is noted that the above steps may not be suit-
able where the device is a loop catheter. When using a
loop catheter as the intrabody device with the tracking
coils, the physician typically ablates on the inside of the
loop and the circuit can use the coordinates of the track-
ing coils on the loop catheter to describe the scan plane
for the en face view.
[0109] In some embodiments, the system can keep
track of the shortest line from the tip of the device to the
registered model, and can even display this line in near
real-time in the rendering(s). Then, with user input, e.g.
on a button press, the circuit 60c can define a plane tan-
gent to the model surface for the en face view, or along
this line for the axial view. Gating may be used. The axial
view may be more robust as it cuts through the wall.
[0110] In addition to substantially continuous collection
of "new" image data in the visualizations and/or ablation
or other therapy view modes, the data can also be proc-
essed by algorithms and other means in order to generate
and present back to the surgeon in near real-time or upon
request, a continuously updated, patient specific ana-
tomical tissue characterization map of the anatomy of
interest.
[0111] Figure 23 illustrates that the system can illus-
trate the location of the treatment device 80 with addi-
tional visual indicators and a "target" navigational indici-
um (e.g., mark) for visual help in navigation to the site.
[0112] Figures 24A-24D illustrate that the system can
generate visual navigational markers for facilitating align-
ment using MRI-guidance.
[0113] In particular embodiments, during ablation, MR
thermometry (2-D) can be used to show real-time abla-
tion formation taking a slice along the catheter and show-
ing the temperature profile increasing. It is contemplated
that 2D and/or 3D GRE pulse sequences can be used to
obtain the MR image data. However, other pulse se-
quences may also be used.
[0114] Figures 18 and 19 illustrate examples of maps
30 of pre-acquired patient data that can be imported (and
registered to the image space) for use during a cardiac
interventional procedure, typically used as the map 100M
in the interactive visualization 100v. As shown in Figure
18, an EA map can be obtained prior to (typically imme-
diately prior to) the actual interventional procedure either

while the patient is in the MRI scanner or from an X-ray
based system from which the EA map can be registered
to a different map, such as a tissue characterization map
30 and shown on the display 20. In some embodiments,
the tissue characterization map can include, incorporate,
overlay or underlay data from or an EA map (which may
be imported from an X-ray imaging modality or generated
in an MRI Scanner) to define an integrated electro and
tissue characterization combination map. The electrical
activity can be detected via electrical activity sensors that
can detect impedance or other electrical parameter that
can sense fractionated or normal electrical activity in car-
diac tissue as is known to those of skill in the art. The
electroanatomical map or data therefrom, where used,
can be registered to the visualization map 100M (e.g., a
different tissue-characterization map) so that MR data
updates using MR data that is generated during the in-
tervention can be generated and displayed on the inte-
grated map.
[0115] Also, the UI 25 can be configured to allow a
clinician to select or deselect the EA map (where used)
so that the information from the EA map is electronically
stripped or removed (and/or added back in) to the map
100M as desired. In other embodiments, the map 100M
is maintained separate from the EA map, and if used, the
EA map is shown in a separate window or screen apart
from the tissue characterization map.
[0116] Figures 21 and 27 show examples of MRI DHE
tissue characterization maps. Figure 21 shows a pre-
procedure "planning" DHE image taken before, typically
about 1 week before, the planned procedure. In some
embodiments, a DHE image can be taken after a prior
ablation procedure illustrating locations of incomplete
electrical isolation/scar formation for helping plan the tar-
get sites for the current procedure. A planning map can
be placed over the map in the visualization so that a us-
er/physician can mark the target ablation sites 55t as
discussed above (which may in some embodiments also
define preset scan planes and views before ablating dur-
ing a procedure). Figure 27 shows an intraprocedure
DHE map that can be used to evaluate the ablation sites.
[0117] Figure 28 illustrates that the map 100M can be
rendered to show locations of target and actual ablation
sites (in different colors) to allow a clinician to evaluate
the scar formations and/or variation from the planned pro-
cedure intra-procedure according to embodiments of the
present invention.
[0118] The MRI Scanner 10S (Figures 1-3) can be op-
erated substantially continuously to provide image data
that can be used to generate updated maps 100M in the
visualizations upon request or automatically. This oper-
ation can be "in the background", e.g., transparent to the
user so as not to slow down the procedure while providing
updated image and tracking data during the course of
the procedure.
[0119] In some embodiments, the device-tissue inter-
face 100i (Figure 1, 22A, 22B) can be visualized with a
T1-weighted FLASH sequence (T1w FLASH) to localize
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the tip 80t. RF or other ablative energy can be delivered
and myocardial or other target tissue changes and lesion
formation can be visualized in near real-time using a T2
weighted HASTE (T2w HASTE) sequence. Real Time
(RT)-MRI sequence, T1w FLASH and T2w HASTE im-
age slices can be aligned to allow visualization of the
device 80 upon tissue contact or activation of the ablation
energy to allow visualization of the device 80 (e.g., cath-
eter), the device-tissue interface 100i and/or the (myo-
cardium) tissue while receiving the therapy, e.g., ablative
energy.
[0120] In some particular embodiments, during navi-
gation mode (rather than an ablation mode), the catheter
80 can be visualized using a different pulse sequence
from that used in the high-resolution ablation mode, such
as, for example, an RT MRI sequence using GRE or SS-
FP (e.g., TrueFISP) pulse sequence with about 5.5 fps),
the tracking coils 82c can be used for spatial orientation
and positioning. Typical scan parameters for (near) real-
time include: echo time (TE) 1.5 ms, repetition time (TR)
3.5 ms, a flip angle of about 45 degrees or about 12 de-
grees, slice thickness 5 mm, resolution 1.8 mm x 2.4 mm,
parallel imaging with reduction factor (R) of 2. In some
embodiments using SSFP, the flip angle is about 45 de-
grees.
[0121] Once the device position is deemed appropriate
(using tracking coils 82c), a pulse sequence at the asso-
ciated scan plane can be used to generate high resolution
visualization of the catheter tip 80t and (myocardial) tis-
sue interface. For example, a T1-weighted 3D FLASH
sequence (T1w FLASH) as noted above. Myocardial or
other target tissue images during ablation or other ther-
apy can be acquired using an Inner Volume Acquisition
(IVA) dark-blood prepared T2-weighted HASTE (T2w
HASTE) or dark-blood prepared Turbo Spin Echo (TSE)
sequence. Examples of HASTE and TSE sequence pa-
rameters include: TE=79ms/65ms, TR=3 heart beats, 3
contiguous slices with thickness of about 4 mm, resolu-
tion 1.25 mm x 1.78 mm/1.25 mm x 1.25 mm, fat satu-
ration using SPAIR method, and parallel imaging with
R=2, respectively.
[0122] Typical heart beat rates and free breathing can
present imaging challenges. In some embodiments,
(near) RT navigation imaging slices (e.g., GRE pulse se-
quence at 5.5 fps) can be aligned with high-resolution
tissue interface slices (e.g., T1w FLASH) for visualization
of the catheter-tissue interface. Subsequently, those slic-
es obtained with T1w FLASH can be aligned with those
obtained with dark-blood prepared T2w Haste images
for myocardial tissue/injury characterization during ener-
gy delivery. This stepwise approach can allow confident
localization of specific points within the atrium and while
ablating tissue and simultaneously visualizing the tissue
for near-real time assessment of tissue injury associated
with lesion formation.
[0123] In some embodiments, slices acquired with dif-
ferent sequences can be interlaced to provide an inter-
active environment for catheter visualization and lesion

delivery, a UI can allow a user to toggle between these
views or can alternate the views based on these image
slices or navigation versus ablation or interventional
modes/views. It is also noted that the sequences de-
scribed herein are provided as examples of suitable se-
quences and it is contemplated that other known se-
quences or newly developed sequences may be used
for cardiac ablation or other anatomy or interventional
procedures.
[0124] Figure 29 illustrates one particular embodiment
using a cardiac MRI Interventional suite 19 with an inte-
grated cable management system that connects multiple
patient connected leads that remain in position even
when a patient is translated in or out of a magnet bore
on the gantry 16 (the magnet can be an open face or
closed magnet configuration) to allow a clinician direct
access to a patient. The other ends of the leads connect
to power sources, monitors and/or controls located re-
mote from the patient (typically in the control room not
the magnet room). As shown in Figure 29, the MRI in-
terventional suite 19 can include an IV pole 140 (typically
attached to the scanner table/gantry 16) and a connec-
tion block 150 of cables 200n that are routed through a
ceiling (e.g., they extend up, through and above a ceiling)
(where "n" is typically between about 1-400, typically be-
tween about 5-100), that connect to patch bay 135 and/or
137. Cabling 210n for anesthesia cart 160 can also be
routed through the ceiling (where n is typically between
about 1-400, typically between about 5-100). The cabling
200n, 210n extends through the ceiling between the
rooms 10a, 10b and can connect to the remote devices
500 through a patch panel 250. In some embodiments
foot pedal cabling 220n can extend through a floor trough
to the patch panel/second room 10b as well (where "n"
is typically between about 1-100 cables). For additional
description of an exemplary cardiac suite, see U.S. Pat-
ent Application Serial No. 12/708,773. The cables may
also alternately be routed under, on or over the floor,
suspended on walls, employ wireless connections and
the like (and combinations of same).
[0125] As is known to those of skill in the art, there are
typically between about 60-100 lesions generated during
a single patient cardiac (AFIB) EP procedure. Other car-
diac procedures may only require about 1 ablation or less
than 60. A typical patient interventional cardiac proce-
dure lasts less than about 4 hours, e.g., about 1-2 hours.
Each lesion site can be ablated for between about 30
seconds to about 2 minutes. Linear transmural lesions
(such as "continuous" drag method lesions) may be gen-
erated or "spot" lesions may be generated, depending
on the selected treatment and/or condition being treated.
The continuous lesion may be formed as a series of over-
lapping spot ablation lesions or as a continuous "drag"
lesion.
[0126] The system can include a monitoring circuit can
automatically detect which devices are connected to the
patient patch bay. One way this can be achieved is by
using ID resistors in the patch bay and/or interface as
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well as in various devices that connect thereto. The MRI
scanner computer or processor or the clinician worksta-
tion module or processor can monitor resistors via con-
nections CON1, CON2 and CON3. The devices 80 (Fig-
ure 1) can have built-in resistors that modify the resist-
ance by lines that connect to CON1, CON2 and CON3.
Variation in resistance values helps the monitor which
device is connected. Once that determination is made
the scanner may automatically load special acquisition
parameters, display parameters and update the progress
of the procedure to display on the display 20 such as at
workstation 60 (Figure 3), for example.
[0127] Electrical isolation between the MR Scanner
10S and the device 80 can be provided via low pass filters
inside and outside the MRI suite. As is known to those
of skill in the art, components in the MRI Suite can be
connected to external components using a waveguide
built into the RF shield that encloses the MRI suite. Where
used, the ablation catheter 80a can be an RF ablation
catheter connected to an appropriate energy source,
such as, for example, a Stockert 70 RF generator (Bio-
sense Webster, Diamond Bar, CA, USA) with MR com-
patible interface circuits configured for 3T magnetic fields
(where a 3T system is used). The system can comprise
an EP Suite with a Siemens Verio system (Siemens
Healthcare, Erlangen, Germany) or other suitable scan-
ner as well as suitable external imaging coils, such as
spine and/or body array coils as is known to those of skill
in the art. Other ablation catheters including balloon (cry-
oablation), laser, ultrasound and RF array electrodes and
the like may also be used. Other therapeutic catheters
or devices may be used including an injection needle
catheter and the like.
[0128] Figures 30A, 30B, and 31-33 illustrate exem-
plary embodiments of a flexible (steerable) ablation cath-
eter as the device 80. The ablation catheter 80A includes
an elongated flexible housing or shaft 102 having a lumen
104 (Figure 30B) therethrough and includes opposite
distal and proximal end portions, only the distal end por-
tion 106 is illustrated. The distal end portion 106 includes
a tip portion 101 that contains an ablation electrode 110
at its tip 80t for ablating target tissue, and a pair of RF
tracking coils 82c, individually identified as 112, 114. The
distal end portion can include a second electrode for
sensing local electrical signal or properties or the ablation
electrode 110 can be bipolar and both ablate and sense.
The proximal end portion of the catheter 80 is operably
secured to a handle as is well known. The catheter shaft
102 is formed from flexible, bio-compatible and MRI-com-
patible material, such as polyester or other polymeric ma-
terials. However, various other types of materials may
be utilized to form the catheter shaft 102, and embodi-
ments of the present invention are not limited to the use
of any particular material. In some embodiments, the
shaft distal end portion can be formed from material that
is stiffer than the proximal end portion and/or a medial
portion between the distal and proximal end portions.
[0129] The device 80 can be configured to reduce the

likelihood of undesired deposition of current or voltage
in tissue. The device 80 can include RF chokes such as
a series of axially spaced apart Balun circuits or other
suitable circuit configurations. See, e.g., U.S. Patent No.
6,284,971 for additional description of RF-inhibiting co-
axial cable that can inhibit RF-induced current.
[0130] The device 80 can include tracking coils 112,
114 (Figures 30A, 30B, 31) on a distal end portion. In
some embodiments, the tracking coils 82c reside up-
stream of the tip of the device (e.g., needle or ablation
electrode). As shown in Figures 30A, 30B and 31, the
ablation catheter includes a pair of tracking coils that re-
side adjacent to but typically upstream of the ablation
electrode 110 on the tip of the catheter 80t) as all or some
of tracking members 82 (Figure 1). The catheter 80 can
include an RF wire 120 that connects the ablation elec-
trode 110 to an RF generator (Figures 30B, 31).
[0131] The device 80 can comprise coaxial cables 81
that connect the tracking coils 82c to the MR Scanner
for tracking the location of the catheter in 3-D space. The
cables or conductors 81 (and/or RF wire 120 where used)
can include a series of back and forth segments (e.g., it
can turn on itself in a lengthwise direction a number of
times along its length), include stacked windings and/or
include high-impedance circuits. See, e.g., U.S. Patent
Application Serial Nos. 11/417,594; 12/047,832; and
12/090,583. The conductors (e.g., coaxial cables) 81
(and/or RF wire 120, where used) can be co-wound in
one direction or back and forth in stacked segments for
a portion or all of their length.
[0132] In some embodiments, the ablation tip 80t is
provided with one or more exit ports 132 (Figure 30A)
in communication with a fluid channel through which a
fluid/solution (irrigant), such as saline, can flow before,
during, and/or after the ablation of tissue. Fluid/solution
is provided to the one or more exit ports 132 via an irri-
gation lumen 134 that extends longitudinally through the
catheter shaft lumen 104 from the exit port(s) 132 to a
handle. The irrigation lumen 134 is in fluid communication
with a fluid/solution source at the proximal end portion
108 of the catheter shaft, typically at the handle. The
fluid/solution can provide coolant and/or improve tissue
coupling with the ablation electrode 110.
[0133] In some embodiments, a pull wire 136 (Figure
32, 33) extends longitudinally within the catheter shaft
lumen 104 from the distal end portion 106 to the handle
at the catheter proximal end portion. The pull wire 136
extends longitudinally within a sleeve 138 (Figure 32)
that is attached to the internal wall of the lumen 104. The
pull wire 136 is attached to the sleeve 138 near the distal
end portion 106 of the catheter 80 and otherwise is slid-
ably disposed within the sleeve. Pulling the pull wire 136
in a direction towards the handle causes the tip portion
101 of the catheter to articulate in one direction. Pushing
the pull wire 136 in the opposite direction away from the
handle causes the tip portion 101 to articulate in another
different direction.
[0134] Figures 32 and 33 are cross sectional views of
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the distal end portion 101 of the illustrated catheter 80
according to some embodiments of the present invention.
The sectional view shown in Figure 32 is taken further
upstream from that shown in Figure 33. Figure 32 illus-
trates the location and configuration of the coaxial cables
(generally referred to as element 60) particularly referred
to as 116, 118, 126 and 128 which are connected to the
tracking coils 112, 114, 122 and 124, respectively. Coils
122, 124 are upstream of the portion of the device shown
in Figures 30A and 30B. Figure 32 also illustrates the
location and configuration of the RF wire 120 that is con-
nected to the ablation tip electrode 110 and that provides
RF energy to the ablation tip electrode 110. Figure 32
also illustrates the location of an exemplary thermocou-
ple 130, and the location of an irrigation lumen 134. Fig-
ure 33 illustrates the location and configuration of the
coaxial cables 116, 118 which are connected to the RF
tracking coils 112, 114. Figure 33 also illustrates the lo-
cation and configuration of the RF wire 120 connected
to the ablation tip electrode 110, the location of thermo-
couple 130, and the location of irrigation lumen 134.
[0135] As discussed above with respect to Figure 4,
each tracking coil circuit can include a PIN diode and DC
blocking capacitor and is typically located within the han-
dle, although in other embodiments, the tracking coil cir-
cuits can be located within the catheter shaft lumen 104
closer to a medial or distal end portion (not shown) or in
an interface, connector or other location. Each tracking
coil circuit can be electrically connected to an MRI scan-
ner, and can reduce signal noise within a respective
channel caused by undesired coupling during scanner
operation. In some embodiments, the tracking coil circuit
can produce about 100 ohms impedance across an RF
tracking coil when the PIN diode is shorted, for example,
by an MRI scanner during scanner operations.
[0136] In some embodiments of the present invention,
RF tracking coils 112, 114, 122, 124 may be between
about 2-16 turn solenoid coils, typically 2-10 turn solenoid
coils. However, other coil configurations may be utilized
in accordance with embodiments of the present inven-
tion. Each of the RF tracking coils 112, 114, 122, 124
can have the same number of turns or a different number
of turns, or different ones of the RF tracking coils 112,
114, 122, 124 can have different numbers of turns. It is
believed that an RF tracking coil with between about 2-4
turns at 3.0 T provides a suitable signal for tracking pur-
poses.
[0137] Embodiments of the present invention may be
utilized in conjunction with navigation and mapping soft-
ware features. For example, current and/or future ver-
sions of devices and systems described herein may in-
clude features with adaptive projection navigation and/or
3-D volumetric mapping technology, the latter may in-
clude aspects associated with U.S. Patent Application
10/076,882, which is incorporated herein by reference in
its entirety.
[0138] Figures 34 and 35 are flow charts of steps that
can be implemented to carry out embodiments of the

present invention. Although the steps are shown in a par-
ticular order in these figures, neither the order of steps
in these figures or the order of these figures is meant to
indicate any required order in the implementation of one
or more of the methods and/or method steps. Further, it
will be appreciated that certain of the steps can be carried
out simultaneously rather than serially and the blocks are
stated for ease of discussion rather than as a limitation
on how or when the operations are carried out.
[0139] A flexible intrabody medical device is intro-
duced into a natural lumen or cavity of a patient during
an MRI-guided procedure (block 200). Tracking signals
are electronically obtained from tracking coils connected
to an MR Scanner and attached to the flexible intrabody
device during the MRI-guided procedure. The intrabody
device has a distal end portion that can take on a curvi-
linear shape as it moves into position in the patient’s body
(block 202). X, Y, Z coordinate locations are electronically
identified in 3-D MRI image space for each of the tracking
coils using the tracking signals (block 204). MR image
data are obtained and near RT MR images of the patient
are generated during the MRI-guided procedure (block
206). A pre-acquired 3-D volumetric model of target anat-
omy of the patient is obtained and registered to the 3-D
image space (block 208). Near real time (RT) visualiza-
tions of the medical device are generated showing: (a)
the model of the patient’s anatomy; (b) a physical repre-
sentation of at least a distal end portion of the medical
device using the identified locations of the tracking coils;
and (c) at least one of the near RT MR images (block 210).
[0140] Optionally, a tip location and/or a device-tissue
interface location proximate a tip location of the device
in the three dimensional image space is electronically
calculated using the identified locations of the tracking
coils. The calculating step may project axially forward a
defined distance (e.g., between about 0-4 mm, typically
between about 0-2 mm) beyond the tip to define the de-
vice-tissue interface and at least one scan plane used to
obtain the MR image data for the near RT images during
and/or proximate in time to delivery of a therapeutic treat-
ment and/or a diagnostic procedure is electronically de-
fined using the calculated location (block 212). A user
(via a UI) may be able to select the desired projection
forward distance for the scan plane/slice location. The
system may include a default distance (e.g., the end of
the tip or distance forward = about 0 or 0.1 mm) that can
be adjusted prior to or during a procedure.
[0141] Optionally, the visualizations can be electroni-
cally rotated based on user input and electronically se-
lectively altering a view of the displayed visualization
based on user input so that the visualization includes the
at least one flexible device with (a) only a near RT image
of the target anatomy, (b) both the near RT image of the
anatomy and the registered model of the anatomical
structure, or (c) only the registered model of the anatom-
ical structure (block 214).
[0142] As shown in Figure 35, at least one tissue char-
acterization map or data therefrom can be electronically
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(programmatically) generated to render and display at
least a portion of a patient’s heart (e.g., the entire heart,
the LA, or other desired region) (block 300). Optionally,
the tissue characterization map is configured to be rotat-
able, zoomed, sectioned, cropped and a window can
show associated MR image data for a requested region
(block 303). User input can be accepted to indicate (mark)
target ablation locations on the tissue characterization
map or an EA map registered to image space (block 305).
Optionally, a UI can allow a user to select a plurality of
different tissue characterization maps that can be over-
laid or shown separately or merged into a composite map
(block 307). In response to the user input, the system
can electronically and/or programmatically define rele-
vant scan planes for each indicated target ablation loca-
tion as preset scan planes (typically prior to initiating the
ablation procedure) (block 310). The preset scan planes
are for generating real time MRI when the ablation cath-
eter is at the corresponding site. Although, the preset
scan planes are described as defined by a UI that allows
a clinician/physician to mark/indicate target ablation sites
on a tissue characterization map, it is contemplated that
the planning map can be another type of map, such as,
for example, an electroanatomical map registered to the
anatomical space.
[0143] In some embodiments, the UI can include a
slide or toggle or other input means that allows a user to
selectively fade between a view on a display with only
the tissue characterization map, to a view with part Real-
Time (RT) MR image data and part tissue characteriza-
tion map and to a view with only RT MR image data (block
109) on the same viewing window.
[0144] During a procedure, the location of an intracar-
diac ablation catheter can be shown with respect to the
registered map (block 315). Optionally, MR image data
can substantially continuously be electronically obtained
and used to update one or more respective tissue char-
acterization maps during a therapy session (block 317).
As the ablation portion of the catheter (e.g., electrode at
tip) approaches one of the previously indicated target
locations, the MRI Scanner is directed to scan ("snap to")
the associated preset scan planes (block 320). Option-
ally, the MR Scanner can be programmatically directed
to select scan planes that includes a slice that is aligned
with an axial direction of the ablation catheter and that
projects forward from the tip of the catheter (block 322).
Also optionally, during ablation at least one real-time MR
lesion image (close-up view) can be displayed based on
tissue being ablated by the ablation catheter in a window
on a display at the workstation (block 325). This may be
a high resolution image of the local tissue using an inter-
nal receive antenna. Optionally, during the ablation, both
an en face and side view of the lesion being formed in
tissue can be displayed (block 326).
[0145] At least one tissue characterization map can be
generated and displayed, color coded to illustrate the ab-
lation lesions made during the procedure based on MR
image data (block 330). Optionally, the tissue character-

ization map can be displayed with the (planned) indicated
target ablation locations in a first color, intensity and/or
opacity along with an updated tissue characterization
map with MR image data showing actual ablated tissue
locations in a different color (side by side or one over the
other) (block 332).
[0146] Although described primarily herein with re-
spect to Cardiac EP procedures using ablation elec-
trodes, other ablation techniques can be used, such as,
for example, laser ablation, thermal (heated liquid) abla-
tion and cryoablation. Where used, the ablation catheter
80a can be an RF ablation catheter but can also or alter-
natively be configured to apply other ablations including
cryogenic (e.g., cryoablation usually via an inflatable cry-
oballoon), laser, microwave, and even chemical ablation.
In some embodiments, the ablation can be carried out
using ultrasound energy. In particular embodiments, the
ablation may be carried out using HIFU (High Intensity
Focused Ultrasound). When MRI is used this is some-
times called Magnetic Resonance-guided Focused Ul-
trasound, often shortened to MRgFUS. This type of en-
ergy using a catheter to direct the energy to the target
tissue can heat the tissue to cause necrosis.
[0147] Similarly, the systems and components can be
useful for other MRI guided surgical intervention proce-
dures, including, for example, delivering biologics or oth-
er drug therapies to target locations in cardiac or other
tissue using MRI.
[0148] Some interventional tools may include an MRI
receive antenna for improved SNR of local tissue. In
some embodiments, the antenna has a focal length or
signal-receiving length of between about 1-5 cm, and typ-
ically is configured to have a viewing length to receive
MRI signals from local tissue of between about 1-2.5 cm.
The MRI antenna can be formed as comprising a coaxial
and/or triaxial antenna. However, other antenna config-
urations can be used, such as, for example, a whip an-
tenna, a coil antenna, a loopless antenna, and/or a
looped antenna. See, e.g., U.S. Patent Nos. 5,699,801;
5,928,145; 6,263,229; 6,606,513; 6,628,980; 6,284,971;
6,675,033; and 6,701,176. See also U.S. Patent Appli-
cation Publication Nos. 2003/0050557; 2004/0046557;
and 2003/0028095. Image data can also include image
data obtained by a trans-esophageal antenna catheter
during the procedure. See, e.g., U.S. Patent No.
6,408,202.
[0149] As discussed above, embodiments of the
present invention may take the form of an entirely soft-
ware embodiment or an embodiment combining software
and hardware aspects, all generally referred to herein as
a "circuit" or "module." Furthermore, the present inven-
tion may take the form of a computer program product
on a computer-usable storage medium having computer-
usable program code embodied in the medium. Any suit-
able computer readable medium may be utilized includ-
ing hard disks, CD-ROMs, optical storage devices, a
transmission media such as those supporting the Internet
or an intranet, or magnetic storage devices. Some cir-
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cuits, modules or routines may be written in assembly
language or even micro-code to enhance performance
and/or memory usage. It will be further appreciated that
the functionality of any or all of the program modules may
also be implemented using discrete hardware compo-
nents, one or more application specific integrated circuits
(ASICs), or a programmed digital signal processor or mi-
crocontroller. Embodiments of the present invention are
not limited to a particular programming language.
[0150] Computer program code for carrying out oper-
ations of data processing systems, method steps or ac-
tions, modules or circuits (or portions thereof) discussed
herein may be written in a high-level programming lan-
guage, such as Python, Java, AJAX (Asynchronous
JavaScript), C, and/or C++, for development conven-
ience. In addition, computer program code for carrying
out operations of exemplary embodiments may also be
written in other programming languages, such as, but not
limited to, interpreted languages. Some modules or rou-
tines may be written in assembly language or even micro-
code to enhance performance and/or memory usage.
However, embodiments are not limited to a particular pro-
gramming language. It will be further appreciated that
the functionality of any or all of the program modules may
also be implemented using discrete hardware compo-
nents, one or more application specific integrated circuits
(ASICs), or a programmed digital signal processor or mi-
crocontroller. The program code may execute entirely on
one (e.g., a workstation computer or a Scanner’s com-
puter), partly on one computer, as a stand-alone software
package, partly on the workstation’s computer or Scan-
ner’s computer and partly on another computer, local
and/or remote or entirely on the other local or remote
computer. In the latter scenario, the other local or remote
computer may be connected to the user’s computer
through a local area network (LAN) or a wide area net-
work (WAN), or the connection may be made to an ex-
ternal computer (for example, through the Internet using
an Internet Service Provider).
[0151] The present invention is described in part with
reference to flowchart illustrations and/or block diagrams
of methods, apparatus (systems) and computer program
products according to embodiments of the invention. It
will be understood that each block of the flowchart illus-
trations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block dia-
grams, can be implemented by computer program in-
structions. These computer program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data
processing apparatus to produce a machine, such that
the instructions, which execute via the processor of the
computer or other programmable data processing appa-
ratus, create means for implementing the functions/acts
specified in the flowchart and/or block diagram block or
blocks.
[0152] These computer program instructions may also
be stored in a computer-readable memory that can direct

a computer or other programmable data processing ap-
paratus to function in a particular manner, such that the
instructions stored in the computer-readable memory
produce an article of manufacture including instruction
means which implement the function/act specified in the
flowchart and/or block diagram block or blocks.
[0153] The computer program instructions may also
be loaded onto a computer or other programmable data
processing apparatus to cause a series of operational
steps to be performed on the computer or other program-
mable apparatus to produce a computer implemented
process such that the instructions which execute on the
computer or other programmable apparatus provide
steps for implementing some or all of the functions/acts
specified in the flowchart and/or block diagram block or
blocks.
[0154] The flowcharts and block diagrams of certain of
the figures herein illustrate exemplary architecture, func-
tionality, and operation of possible implementations of
embodiments of the present invention. In this regard,
each block in the flow charts or block diagrams repre-
sents a module, segment, or portion of code, which com-
prises one or more executable instructions for imple-
menting the specified logical function(s). It should also
be noted that in some alternative implementations, the
functions noted in the blocks may occur out of the order
noted in the figures. For example, two blocks shown in
succession may in fact be executed substantially con-
currently or the blocks may sometimes be executed in
the reverse order or two or more blocks may be com-
bined, depending upon the functionality involved.
[0155] The workstation 60 and/or interface 44, 84, or
patch bay, may also include a decoupling/tuning circuit
that allows the system to cooperate with an MRI scanner
10S and filters and the like. See, e.g., U.S. Patent Nos.
6,701,176; 6,904,307 and U.S. Patent Application Pub-
lication No. 2003/0050557.
[0156] In some embodiments, the intrabody device 80
is configured to allow for safe MRI operation so as to
reduce the likelihood of undesired deposition of current
or voltage in tissue (inhibit or prevent undesired heating).
The device 80 can include RF chokes such as a series
of axially spaced apart Balun circuits or other suitable
circuit configurations. See, e.g., U.S. Patent No.
6,284,971 for additional description of RF-inhibiting co-
axial cable that can inhibit RF-induced current. The con-
ductors connecting electrodes or other components on
or in the catheter (or other interventional device) can also
include a series of back and forth segments (e.g., the
lead can turn on itself in a lengthwise direction a number
of times along its length) and/or include high-impedance
circuits. See, e.g., U.S. Patent Application Serial Nos.
11/417,594; 12/047,602; and 12/090,583.
[0157] Although not shown, in some embodiments, the
device can be configured with one or more lumens and
exit ports and can be used and/or deliver desired cellular,
biological, and/or drug therapeutics to a target area.
[0158] Figure 36 is a schematic illustration of a circuit
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or data processing system that can be used with the sys-
tem 10. The circuits and/or data processing systems 190
may be incorporated in a digital signal processor in any
suitable device or devices. As shown in Figure 36, the
processor 410 communicates with and/or is integral with
an MRI scanner 10S and with memory 414 via an ad-
dress/data bus 448. The processor 410 can be any com-
mercially available or custom microprocessor. The mem-
ory 414 is representative of the overall hierarchy of mem-
ory devices containing the software and data used to
implement the functionality of the data processing sys-
tem. The memory 414 can include, but is not limited to,
the following types of devices: cache, ROM, PROM,
EPROM, EEPROM, flash memory, SRAM, and DRAM.
[0159] Figure 36 illustrates that the memory 414 may
include several categories of software and data used in
the data processing system: the operating system 449;
the application programs 450; the input/output (I/O) de-
vice drivers 458; and data 456. The data 456 can also
include device (ablation catheter) dimensions (e.g., dis-
tance of a tracking coil to the tip) and patient-specific
image data 455. Figure 36 also illustrates the application
programs 454 can include a Tracking Coil Location Iden-
tification Calculation Module 451, a Visualization Ren-
dering Module 452, an Interactive Visualization (and UI)
Module 453, a Tissue Characterization Map Module 456,
and a Pre-Set Scan Plane to Target Ablation Site Module
454, a and a UI Interface Module 453.
[0160] As will be appreciated by those of skill in the art,
the operating systems 449 may be any operating system
suitable for use with a data processing system, such as
OS/2, AIX, or zOS from International Business Machines
Corporation, Armonk, NY, Windows CE, Windows NT,
Windows95, Windows98, Windows2000, WindowsXP,
Windows Vista, Windows7, Windows CE or other Win-
dows versions from Microsoft Corporation, Redmond,
WA, Palm OS, Symbian OS, Cisco IOS, VxWorks, Unix
or Linux, Mac OS from Apple Computer, LabView, or
proprietary operating systems. For example, VxWorks
which can run on the Scanner’s sequence generator for
precise control of pulse sequence waveform timings.
[0161] The I/O device drivers 458 typically include soft-
ware routines accessed through the operating system
449 by the application programs 450 to communicate
with devices such as I/O data port(s), data storage 456
and certain memory 414 components. The application
programs 450 are illustrative of the programs that imple-
ment the various features of the data processing system
and can include at least one application, which supports
operations according to embodiments of the present in-
vention. Finally, the data 456 represents the static and
dynamic data used by the application programs 450, the
operating system 449, the I/O device drivers 458, and
other software programs that may reside in the memory
414.
[0162] While the present invention is illustrated, for ex-
ample, with reference to the Modules 451, 452, 453, 454,
456 being application programs in Figure 35, as will be

appreciated by those of skill in the art, other configura-
tions may also be utilized while still benefiting from the
teachings of the present invention. For example, the
Modules and/or may also be incorporated into the oper-
ating system 449, the I/O device drivers 458 or other such
logical division of the data processing system. Thus, the
present invention should not be construed as limited to
the configuration of Figure 36 which is intended to en-
compass any configuration capable of carrying out the
operations described herein. Further, one or more of
modules, i.e., Modules 451, 452, 453, 454, 456 can com-
municate with or be incorporated totally or partially in
other components, such as separate or a single proces-
sor, an MRI scanner 10S or workstation 60.
[0163] The I/O data port can be used to transfer infor-
mation between the data processing system, the work-
station, the MRI scanner, and another computer system
or a network (e.g., the Internet) or to other devices con-
trolled by the processor. These components may be con-
ventional components such as those used in many con-
ventional data processing systems, which may be con-
figured in accordance with the present invention to op-
erate as described herein.
[0164] Non-Limiting Examples of Tissue Characteriza-
tion Maps will be discussed below.

Thermal Tissue Characterization Map

[0165] The thermal tissue characterization map can be
based on thermal status at a given point in time or may
be provided as a composite of heating of different tissue
locations at different times (e.g., during and/or after ab-
lation of different points at different times of the ablation
procedure). The thermal map can be registered to a lo-
cation of the internal ablation catheter (e.g., tip) at differ-
ent times so that the location of the ablation catheter tip
is correlated to the thermal activity/status at that location
at that time as that is the time frame that the image data
for that region illustrating increased thermal activity/heat-
ing is generated. That is, the image scan planes are taken
to show the tissue at the location of the ablation catheter
tip. The image scan planes are typically projected forward
a known distance from the tracking coil so that the lesion
tissue in front of the ablation tip is imaged.
[0166] The MR thermal data can be obtained using
temperature imaging techniques (MR thermometry) to
show temperature or phase variance. Examples of pulse
sequences include, for example, SSFP and 2D GRE.

Vasculature Tissue Characterization Map

[0167] Segmented MRA (Magnetic Resonance Angi-
ography) imaging volumes of a patient can be used to
generate a vasculature tissue characteristic map which
may indicate areas of increased blood flow and/or larger
and smaller channels within the vasculature structure.
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Fibrous Tissue Characterization Map

[0168] Contrast-based or non-contrast based MRI im-
ages of the patient can identify fibrous tissue in target
tissue (e.g., the heart).

Contrast-Based Tissue Characterization Maps

[0169] Tissue damage can be shown or detected using
MR image data based on contrast agents such as those
agents that attach to or are primarily retained in one of,
but not both, healthy and unhealthy tissue, e.g., the con-
trast agent is taken up by, attaches to, or resides or stays
in one more than in the other so that MR image data will
visually indentify the differences (using pixel intensity).
The contrast agent can be one or more of any known or
future developed biocompatible agent, currently typically
gadolinium, but may also include an antibody or deriva-
tive or component thereof that couples to an agent and
selectively binds to an epitope present in one type of
tissue but not the other (e.g., unhealthy tissue) so that
the epitope is present in substantially amounts in one
type but not the other. Alternatively, the epitope can be
present in both types of tissue but is not susceptible to
bind to one type by steric block effects.
[0170] A tissue characteristic map registered to the im-
aging space can allow a clinician to assess both scar
formation (isolation of the PV) and the volume of en-
hancement on a LA myocardial volume may indicate a
poor outcome prediction and a clinician may decide to
continue ablating or alter the ablation location or protocol
(e.g., drive a clinical decision).
[0171] Examples of pulse sequences that can be used
for delayed hyper-enhancement MRI include, for exam-
ple, gradient echo, SSFP (steady state free precession)
such as TrueFISP on Siemens MRI Scanners, FIESTA
on GE MRI Scanners, and b-FFE on Philips MRI Scan-
ners.

Edema Tissue Characterization Maps

[0172] After (and/or during) ablation, tissue will typical-
ly have edema. This can be detected in MRI using, for
example, pulse sequences such as T2-weighted Turbo-
Spin-Echo, HASTE (a Siemens term), SSFP, or T2-
weighted gradient recalled echo (GRE).
[0173] Some tissue characterization maps may show
edema and thermal maps overlaid or otherwise com-
bined as a composite map that can be used to evaluate
a procedure. For example, to visually assess whether
there is complete or incomplete scar formation to isolate
pulmonary veins. It is believed that complete scar forma-
tion to isolate PV is associated with a better prognosis
for AFIB.

Heart Wall Motion Tissue Characterization Maps

[0174] MRI can be used to assess heart wall motion.

Abnormal motion can be visually indicated on the tissue
characterization map. Examples of pulse sequences that
may be used to determine heart wall motion include, for
example, DENSE, HARP and MR tagging.
[0175] Thus, it will be appreciated that embodiments
of the present invention are directed to systems, including
hardware and/or software and related methodology to
substantially continuously collect and construct, through-
out an MRI-guided cardiac procedure, e.g., an MRI-guid-
ed procedure, a patient-specific anatomical tissue char-
acterization map or associated data that can be shown
on a map of a target anatomical structure/region (e.g., a
chamber of the heart such as the atrium). Embodiments
of the system can generate and show in pre-set views
and in near-real time during the procedure tissue while
it is being treated, e.g., ablated.
[0176] While embodiments have been primarily dis-
cussed with respect to an MRI-guided cardiac system,
the system can be used for other anatomical regions and
deliver or apply other therapies as well as for diagnostic
procedures. For example, the esophagus and anatomy
near the esophagus, e.g., the aorta, coronary arteries,
mediastinum, the hepaticobiliary system or the pancreas
in order to yield anatomic information about the structures
in those areas, "pancreaticohepaticobiliary" structures
(collectively the structures of the liver, gallbladder, bile
ducts and pancreas), the tracheobronchopulmonary
structure (structures including the lungs and the trache-
obronchial tree), the nasopharynx system (e.g., a device
introduced transnasally may be adapted for evaluating
the arterial circle of Willis and related vascular structures
for abnormalities, for example congenital or other aneu-
rysms), the proximal aerodigestive system or the thyroid,
the ear canal or the Eustachian tube, permitting anatomic
assessment of abnormalities of the middle or inner ear,
and further permitting evaluation of adjacent intracranial
structures and lesions.
[0177] The systems and methods of the present inven-
tion may be particularly useful in those lesions whose
extent is not readily diagnosed, such as basal cell carci-
nomas. These lesions may follow nerves into the orbit or
into the intracranial area, extensions not evident with tra-
ditional imaging modalities to the surgeon undertaking
the resection to provide real time information to the re-
secting surgeon or the surgeon performing a biopsy as
to the likely areas of lymph node invasion.
[0178] It is also contemplated that the systems can be
used in the "head and neck" which refers collectively to
those structures of the ear, nose and throat and proximal
aerodigestive system as described above, traditionally
falling within the province of otorhinolaryngology. The
term "head and neck," as used herein, will further include
those structures of the neck such as the thyroid, the par-
athyroid, the parotid and the cervical lymph nodes, and
will include also the extracranial portions of the cranial
nerves, including but not limited to the facial nerve, this
latter nerve being included from its entry into the internal
auditory meatus outward. The term "head and neck, as
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used herein, will also include those structures of the orbit
or of the globe, including the oculomotor muscles and
nerves, lacrimal glands and adnexal structures. As used
herein, the term "head and neck" will further include
those intracranial structures in proximity to the aforesaid
head and neck structures. These intracranial structures
may include, as examples, the pituitary gland, the pineal
gland, the nuclei of various cranial nerves, the intracranial
extensions of the cranial nerves, the cerebellopontine
angle, the arterial circle of Willis and associated vascular
structures, the dura, and the meninges.
[0179] In yet other embodiments, the systems can be
used in the genitourinary system, such as the urethra,
prostate, bladder, cervix, uterus, and anatomies in prox-
imity thereto. As used herein, the term "genitourinary"
shall include those structures of the urinary tract, the male
genital system and the female genital system. The uri-
nary tract structures include the urethra, the bladder, the
ureters, the kidney and related neural, vascular, lymphat-
ic and adnexal structures. The male genital tract includes
the prostate, the seminal vesicles, the testicles, the epidi-
dymis and related neural, vascular, lymphatic, ductal and
adnexal structures. The female genital tract includes the
vagina, the cervix, the non-gravid and gravid uterus, the
fallopian tubes, the ovaries, the ova, the fertilized egg,
the embryo and the fetus. The term "genitourinary" further
refers to those pelvic structures that surround or support
the abovementioned structures, such as the paraurethral
tissues, the urogenital diaphragm or the musculature of
the pelvic floor. The devices can be configured for
transurethral placement for evaluation and treatment of
female urinary incontinence or bleeding and may use
high resolution images of the local tissue, e.g., different
layers of the paraurethral tissues. It is understood, for
example, that a clearly identified disruption in the muscle
layers surrounding the urethra may be repaired surgical-
ly, but also must be guided by detailed anatomic infor-
mation about the site of the abnormality. The devices
may also be configured for placement in the genitourinary
system such as into the ureter or renal pelvis, urinary
tract, or transvaginal use in analysis of the vagina and
anatomies in proximity thereto. For example, transvagi-
nal or transcervical endouterine placement may be useful
in the diagnosis of neoplasia, in the diagnosis and treat-
ment of endometriosis and in the evaluation of infertility
or diagnosis, treatment of pelvic disorders resulting in
pelvic pain syndromes, evaluation/treatment of cervical
and uterine malignancies and to determine their stages,
obstetric use such as permitting anatomic evaluation of
mother and fetus.
[0180] In another embodiment, the systems can be
used for evaluating and/or treating the rectum or colon,
typically by the transrectal route that can be inserted
through the anus to a level within the rectum, sigmoid or
descending colon where the designated anatomy can be
visualized. For example, this approach may be used to
delineate the anatomy of the prostate gland, and may
further guide the biopsy or the extirpation of lesions un-

dertaken transrectally or transurethrally.
[0181] In other embodiments, the systems and meth-
ods of the present invention may be used for the evalu-
ation, diagnosis or treatment of a structure in the gas-
trointestinal system, or for the evaluation, diagnosis or
treatment of a region of the gastrointestinal anatomy. As
used herein, the term "gastrointestinal" shall include
structures of the digestive system including the esopha-
gus, the stomach, the duodenum, jejunum and ileum
(small intestine), the appendix and the colon. The term
"gastrointestinal anatomy" shall refer to the structures of
the gastrointestinal system as well as the surrounding
supporting structures such as the mesentery and the en-
closing structures such as the peritoneum, the diaphragm
and the retroperitoneum. Disorders of the gastrointesti-
nal system are well-known in the medical arts, as are
disorders of the gastrointestinal anatomy. In an exem-
plary embodiment, the intrabody device may be passed
into the stomach.
[0182] In other embodiments, the systems and meth-
ods of the present invention may be used for the evalu-
ation, diagnosis and treatment of the vascular system.
The vascular system is understood to include the blood
vessels of the body, both arterial and venous. The vas-
cular system includes both normal and abnormal blood
vessels, named and unnamed vessels, and neovascu-
larization. Access to the vascular system takes place us-
ing techniques familiar to practitioners of ordinary skill in
the art. The present invention may be used in blood ves-
sels of all size and the intrabody devices may be dimen-
sionally adapted to enter smaller caliber vessels, such
as those comprising the distal coronary circulation, the
intracranial circulation, the circulation of the distal ex-
tremities or the distal circulation of the abdominal viscera.
According to these systems and methods, furthermore,
positioning a device within the vascular system may be
useful for evaluating, diagnosing and treating conditions
in structures adjacent to or in proximity to the particular
vessel within which the device is situated. Such struc-
tures are termed "perivascular structures." As an exam-
ple, a device placed within a coronary artery may provide
information about the vessel itself and about the myocar-
dium that is perfused by the vessel or that is adjacent to
the vessel. A device thus positioned may be able to guide
therapeutic interventions directed to the myocardial tis-
sue, and may also be able to guide endovascular or ex-
travascular manipulations directed to the vessel itself. It
will be readily appreciated by those of ordinary skill in the
art that a number of other applications exist or may be
discovered with no more than routine experimentation
using the systems and methods of the present invention
within the vascular system.
[0183] It is understood that access to anatomic struc-
tures using the systems, devices modified to fit the in-
tended purpose and anatomy, and methods of the
present invention may be provided via naturally occurring
anatomic orifices or lumens, as indicated in the examples
above. It is further understood, however, that access to
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anatomic structures using these systems and methods
may be additionally provided using temporary or perma-
nent orifices that have been created medically.
[0184] Further, the methods and systems may coop-
erate with robotic driven systems rather than manual sys-
tems.
[0185] The aforesaid embodiments are understood to
be exemplary only. Other embodiments wherein devices
may be used within body areas such as body canals,
cavities, lumens, passageways, actual or potential spac-
es will be apparent to practitioners of ordinary skill in the
relevant arts.
[0186] In the drawings and specification, there have
been disclosed embodiments of the invention and, al-
though specific terms are employed, they are used in a
generic and descriptive sense only and not for purposes
of limitation, the scope of the invention being set forth in
the following claims. Thus, the foregoing is illustrative of
the present invention and is not to be construed as limiting
thereof. Although a few exemplary embodiments of this
invention have been described, those skilled in the art
will readily appreciate that many modifications are pos-
sible in the exemplary embodiments without materially
departing from the novel teachings and advantages of
this invention. Accordingly, all such modifications are in-
tended to be included within the scope of this invention
as defined in the claims. In the claims, means-plus-func-
tion clauses, where used, are intended to cover the struc-
tures described herein as performing the recited function
and not only structural equivalents but also equivalent
structures. Therefore, it is to be understood that the fore-
going is illustrative of the present invention and is not to
be construed as limited to the specific embodiments dis-
closed, and that modifications to the disclosed embodi-
ments, as well as other embodiments, are intended to be
included within the scope of the appended claims. The
invention is defined by the following claims, with equiv-
alents of the claims to be included therein.

Claims

1. An MRI-guided cardiac interventional system (10),
comprising:

a circuit (60c) configured to: (a) generate near-
real-time (RT) MRI images of at least a portion
of a heart of a patient using relevant anatomical
scan planes associated with a 3-D MRI image
space having a coordinate system; (b) identify
coordinates in the MRI image space coordinate
system associated with the location of at least
a distal portion of a flexible intrabody catheter
(80) in the 3-D MRI image space_using tracking
coil data from tracking coils (82) on the distal
end portion of the catheter (80); and (c) render
interactive near-RT visualizations of at least the
distal end portion of the catheter in the 3-D image

space with a three-dimensional physical repre-
sentation (80R), wherein the catheter is not re-
quired to be in any of the relevant anatomical
scan planes used to obtain MR data for the near-
RT MRI images, and wherein the tracking coils
(82) are connected to coaxial cables (81) that
are each connected to different channels (lOch)
of an MRI scanner (10S), wherein the circuit di-
rects the MRI scanner to generate a tracking
sequence and an imaging sequence, and
wherein the tracking sequence is carried out in-
dependently of the imaging sequence.

2. The system of Claim 1, wherein the circuit is further
configured to provide a window on a display of a
catheter-tip/tissue interface associated with the at
least one flexible catheter, the window providing
near-real-time high-resolution MRI images separate
from the visualizations, and wherein the visualiza-
tions are provided in an adjacent separate window
on the display, and wherein the tracking sequence
comprises a plurality of small flip angle excitations
with each repetition designed to indicate the X, Y or
Z component of the tracking coil co-ordinates in suc-
cession.

3. The system of Claim 1 or claim 2, wherein the circuit
is further configured to (i) provide a patient planning
map with at least one target treatment site identified
thereon registered to the 3-D MRI image space,
wherein optionally the circuit is in communication
with a display with a User Interface that allows a user
to select whether to show the at least one target treat-
ment site in the visualizations so that: (i) the at least
one treatment site is shown with the near-RT MRI
images without a model or with the model faded rel-
ative to the at least one treatment site and near-RT
MRI images; or (ii) the at least one treatment site is
shown with the planning map or other registered pa-
tient model and with the near-RT MRI images.

4. The system of any preceding Claim, wherein the flex-
ible catheter has a tip end (80t) with at least two
spaced-apart tracking coils (82c) residing a distance
rearward of the tip (80t) on the distal end portion
(80d) of the catheter, and wherein the circuit (60c)
is configured to calculate the position of the tip of the
catheter in the 3-D imaging space using the tracking
coil signal data from the tracking coils (82c) and gen-
erate the physical representation of at least the distal
end portion of the catheter in the visualizations based
on at least one of the following: (i) known or predict-
able shape variation of the distal end portion of the
flexible catheter; and (ii) the spatial relationship of
the tracking coils with respect to each other and/or
the tip of the catheter.

5. The system of any preceding Claim, wherein the cir-

49 50 



EP 2 440 131 B1

27

5

10

15

20

25

30

35

40

45

50

55

cuit is in communication with and/or integral with the
MRI Scanner, and wherein the MRI Scanner sub-
stantially continuously interleaves obtaining tracking
coil data with image data to generate the interactive
visualizations with the physical representations of at
least the distal end portion of the at least one cath-
eter, and wherein the tracking sequence dephases
signals perpendicular to a read-out direction in order
to attenuate unwanted signals from 1) bulk objects
and 2) regions sensed by signal-sensitive parts of
the flexible catheter so as to leave a sharp peak in-
dicating the position of the tracking coils, and where-
in, once a tracking sequence is complete, a spoiler
gradient can be used to dephase any transverse sig-
nal remaining before the image sequence is execut-
ed.

6. The system of any preceding Claim, wherein the cir-
cuit (60c) is in communication with at least one dis-
play (20) with a User Interface (25), and wherein the
User Interface is configured to allow a user to selec-
tively fade and/or turn on and off tissue characteri-
zation or electroanatomical data in at least one vis-
ualization either or both: (a) on a three-dimensional
pre-acquired model of a patient’s heart in the visu-
alizations, the model shown in and/or registered to
the 3-D imaging space; and/or (b) in the near-RT MR
images without the pre-acquired model.

7. The system of any one of Claims 1 to 5, wherein the
circuit is in communication with at least one display
(20) with a User Interface (25), and wherein the User
Interface is configured to allow a user to (i) selectively
fade and/or turn on and off tissue characterization
data or electroanatomical data in the visualizations
and (ii) to show the tissue and/or electroanatomical
data only with the near-RT MRI images in the visu-
alizations or with a model and the near-RT MRI im-
ages in the visualizations.

8. The system of any preceding Claim, wherein the
physical representation is substantially a 3-D replica
representation of an actual physical configuration of
at least a distal end portion (80d) of the catheter.

9. The system of any preceding Claim, wherein the cir-
cuit (60c) is configured to present a 3-D volumetric
model (100M) of at least a portion of the patient’s
heart in the rendered visualizations with the model
registered to the 3-D imaging space along with the
physical representation (80R) of at least the distal
end portion of the at least one catheter in the 3-D
imaging space,
optionally wherein the circuit is in communication
with a display (20) and a User Interface (25), the
User Interface being configured to allow a user to
alter a displayed visualization to include only a near-
RT image of the anatomy, to include the near-RT

image of the anatomy and the registered model of
the heart, or to include only the registered model of
the heart,
further optionally wherein the circuit is configured to
show the model in the visualizations in one of a plu-
rality of different selectable ways including at least
two of: a cutaway, wireframe, translucent, color-cod-
ed or opaque configuration, according to user input
using the User Interface.

10. The system of any preceding Claim, wherein the cir-
cuit is configured to render the visualizations to show
a tip location of the catheter with a first three-dimen-
sional shape and to show each tracking coil on the
distal end portion with a second different three di-
mensional shape or shapes and a color, each track-
ing coil having a respective different color from the
other tracking coils, and to render the visualizations
and to include a line or spline connecting the tip and
the coil shapes.

11. The system of any preceding Claim, wherein the cir-
cuit is configured to generate the visualizations with
at least two visual reference planes (41, 42) that are
oblique or orthogonal to each other,
wherein optionally the circuit is in communication
with a display (20) having a User Interface (25), and
wherein the two planes are transparent and/or trans-
lucent with different-color perimeters and can move
relative to the model and/or are locked to the model,
and wherein the User Interface is configured to allow
a user to rotate the model and move the reference
planes to change the view of anatomy shown in the
visualization.

12. The system of any preceding Claim, wherein the
tracking sequence dephases signals perpendicular
to a read-out direction in order to attenuate unwanted
signals from 1) bulk objects and 2) regions sensed
by signal-sensitive parts of the flexible catheter so
as to leave a sharp peak indicating the position of
the tracking coils, and wherein, once a tracking se-
quence is complete, a spoiler gradient can be used
to dephase any transverse signal remaining before
the image sequence is executed.

13. The system of any preceding Claim, wherein the cir-
cuit is configured to show a volumetric patient ana-
tomical model (100M) of at least a portion of the heart
and at least two orthogonal or oblique intersecting
reference planes in the image space in the visuali-
zations, the reference planes intersecting and ex-
tending across the patient model and the near-RT
MRI images of local tissue, wherein the reference
planes align with the anatomical scan planes.

14. The system of any preceding Claim, wherein the cir-
cuit is configured to allow a user to manipulate the
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visualizations using a User Interface in communica-
tion with a display including to: rotate, crop or zoom
the model in a respective visualization, and wherein
the circuit automatically selects anatomically rele-
vant scan planes to obtain MR image data in re-
sponse thereto.

15. The system of any preceding Claim, wherein the
catheter is a therapeutic catheter including at least
one of an injection or ablation catheter with a catheter
tip portion (80t), the circuit (60c) being in communi-
cation with a display, wherein the display comprises
a close-up viewing window (20w2) to show lesion
forming or injection delivery, wherein the circuit au-
tomatically electronically directs a MRI Scanner to
obtain image slices using scan planes that are based
on a known position of the catheter tip portion, and
wherein at least some of the images in the close-up
viewing window are generated using high-resolution
MR image data.

16. The system of any preceding Claim, further compris-
ing a display with a User Interface (UI), wherein the
UI (25) is configured to allow a user to select a di-
mensional offset of about 0-5 mm for an image scan
plane that is projected forward a distance relative to
the distal end portion and/or tip of the flexible catheter
(80) identified using the tracking coil signal data,
wherein the circuit calculates a catheter-tissue inter-
face location of the flexible catheter in the MRI three-
dimensional image space and uses the calculated
interface location and the selected offset to automat-
ically define at least one scan plane used to obtain
the near-real-time MR image data, and wherein the
calculated catheter/tissue interface is either (a) cal-
culated to be tangent and substantially in line with
at least two of the tracking coils, or (b) calculated as
a plane in 3-D image space proximate a projected
plane defined by at least three points associated with
three different ones of the tracking coils (82).

17. The system of any preceding Claim, wherein the flex-
ible catheter (80) is an injection or ablation catheter,
and wherein the circuit (60c) calculates a scan plane
location for an en face view at a catheter-tissue in-
terface location of the catheter in the three-dimen-
sional image space that is projected outwardly along
the line of the catheter to be substantially parallel to
tissue proximate the catheter-tissue interface, and
wherein the calculated scan plane location is used
to obtain the near-real-time MR image data during
and/or proximate in time to an injection or ablation
using the at least one catheter.

18. The system of any preceding Claim, wherein the cir-
cuit is in communication with a display (20) with a
User Interface, and wherein the User Interface is
configured to allow a user to select different pre-ac-

quired and/or in situ generated maps including at
least two of the following for presentation of the se-
lected map or data associated therewith on the at
least one display, registered to or spatially aligned
with the 3-D MRI image space:

a thermal tissue characterization map;
an edema tissue characterization map;
a first delayed enhancement tissue characteri-
zation map;
a second delayed enhancement tissue charac-
terization map taken after the first delayed en-
hancement tissue characterization map;
a hypoxic tissue characterization map;
a vasculature tissue characteristic map;
a fibrous tissue characteristic map;
an ischemic tissue characterization map;
a fluid distribution map;
a light exposure map; and
an electroanatomical map.

19. A computer program product for facilitating an MRI-
guided interventional therapy in a patient, the com-
puter program product comprising:

a computer-readable non-transitory storage
medium having computer-readable program
code embodied in the medium, the computer-
readable program code comprising:

computer-readable program code that di-
rects an MRI Scanner to obtain in an inter-
leaved manner (a) tracking signal data from
tracking coils associated with an intrabody
flexible device and (b) MR image data, both
in the same 3-D image space with a coor-
dinate system, wherein the tracking coils
(82) are connected to coaxial cables (81)
that are each connected to different chan-
nels (lOch) of an MRI scanner (10S), where-
in the interleaving is carried out using a
tracking sequence and an imaging se-
quence, and wherein the tracking sequence
is carried out independently of the imaging
sequence;
computer-readable program code that gen-
erates near-real time (RT) MRI image data
of at least a portion of target anatomy of a
patient using relevant anatomical scan
planes;
computer-readable program code that iden-
tifies spatial coordinates associated with a
location of at least a distal end portion of at
least one flexible intrabody medical device
in the 3-D MRI image space using the track-
ing signal data; and
computer-readable program code that
renders dynamic near-RT visualizations of
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the intrabody flexible medical device in the
3-D image space with near-RT MRI images,
wherein the device is not required to be in
any of the relevant anatomical scan planes
used to obtain the near-real time MR image
data, and wherein the distal end portion of
the device can vary in shape during the MRI-
guided procedure.

20. The computer program product of Claim 19, further
comprising:

computer-readable program code that calcu-
lates a catheter-tissue interface location proxi-
mate a tip location of the catheter in the three-
dimensional MRI image space, the calculation
being configured to mathematically project axi-
ally forward a defined distance beyond the tip to
define the catheter-tissue interface, wherein the
calculation of the catheter/tissue interface is car-
ried out using X, Y, Z coordinates of the locations
of the tracking coils in such a way as to place
the location of the catheter-tissue interface a dis-
tance of about 0-4 mm beyond a calculated lo-
cation of the tip of one or more of the flexible
intrabody catheters, and wherein the calculated
catheter/tissue interface is either (a) calculated
to be tangent and substantially in line with at
least two of the tracking coils, or (b) calculated
as a plane in 3-D image space proximate a pro-
jected plane defined by at least three points as-
sociated with three different ones of the tracking
coils (82); and
computer-readable program code that uses the
calculated tissue interface location to automat-
ically define at least one scan plane used by the
MRI Scanner to obtain the MR image data during
and/or proximate in time to delivery of a thera-
peutic treatment and/or a diagnostic procedure.

21. The computer program product of Claim 20, wherein
the computer-readable program code that renders
the dynamic visualizations further comprises com-
puter-readable program code that provides a regis-
tered pre-acquired volumetric model of a patient’s
target anatomical structure in the visualizations, and
wherein the tracking sequence dephases signals
perpendicular to a read-out direction in order to at-
tenuate unwanted signals from 1) bulk objects and
2) regions sensed by signal-sensitive parts of the
flexible catheter (80) so as to leave a sharp peak
indicating the position of the tracking coils, and
wherein, once a tracking sequence is complete, a
spoiler gradient can be used to dephase any trans-
verse signal remaining before the image sequence
is executed.

22. The computer program product of Claim 21, further

comprising computer-readable program code con-
figured to allow a user to (a) rotate the visualizations
and (b) alter a displayed visualization to include only
near-RT image data of the target anatomy, to include
the near-RT image data of the anatomy and the reg-
istered model of the anatomical structure, or to in-
clude only the registered model of the anatomical
structure, and/or
further comprising computer-readable program
code that allows a user to electronically mark or se-
lect target lesion sites on the model, and/or
further comprising computer-readable program
code that allows a user to electronically selectively
display one or more tissue maps aligned with and/or
registered to the volumetric model or displayed in
lieu of the model, wherein the map selections include
at least two of the following:

a thermal tissue characterization map;
an edema tissue characterization map;
a delayed enhancement tissue characterization
map taken at a first point in time;
a delayed enhancement tissue characterization
map taken at a second point in time after at least
some ablation lesions are created in heart tis-
sue;
a vasculature tissue map;
a fibrous tissue map;
a hypoxic tissue characterization map;
an ischemic tissue characterization map;
a fluid distribution map;
a light exposure map; and
an electroanatomical map.

Patentansprüche

1. Ein MRT-geführtes Herz-Interventionssystem (10),
das Folgendes beinhaltet:

einen Schaltkreis (60c), der zu Folgendem kon-
figuriert ist: (a) Erzeugen von Nah-Echt-
zeit(RT)-MRT-Bildern von mindestens einem
Abschnitt eines Herzens eines Patienten unter
Verwendung relevanter anatomischer Scan-
Ebenen in Verbindung mit einem 3-D-MRT-
Bildraum mit einem Koordinatensystem; (b)
Identifizieren von Koordinaten in dem Koordina-
tensystem des MRT-Bildraums in Verbindung
mit der Lage von mindestens einem distalen Ab-
schnitt eines biegsamen im Körperinnern be-
findlichen Katheters (80) in dem 3-D-MRT-
Bildraum unter Verwendung von Nachführungs-
spulendaten von Nachführungsspulen (82) am
distalen Endabschnitt des Katheters (80); und
(c) Rendering von interaktiven Nah-RT-Visuali-
sierungen von mindestens dem distalen En-
dabschnitt des Katheters in dem 3-D-Bildraum
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mit einer dreidimensionalen physikalischen
Darstellung (80R), wobei sich der Katheter nicht
in einer der verwendeten relevanten anatomi-
schen Scan-Ebenen befinden muss, die zum
Gewinnen der MR-Daten für die Nah-RT-MRT-
Bilder verwendet werden, und wobei die Nach-
führungsspulen (82) mit Koaxialkabeln (81) ver-
bunden sind, die jeweils mit verschiedenen Ka-
nälen (lOch) eines MRT-Scanners (10S) ver-
bunden sind, wobei der Schaltkreis den MRT-
Scanner anweist, eine Nachführungssequenz
und eine Bildgebungssequenz zu erzeugen,
und wobei die Nachführungssequenz unabhän-
gig von der Bildgebungssequenz ausgeführt
wird.

2. System gemäß Anspruch 1, wobei der Schaltkreis
ferner dazu konfiguriert ist, ein Fenster auf einer An-
zeige einer Schnittstelle zwischen Katheterspitze
und Gewebe in Verbindung mit dem mindestens ei-
nen biegsamen Katheter bereitzustellen, wobei das
Fenster Nah-Echtzeit-MRT-Bilder mit hoher Auflö-
sung bereitstellt, die separat von den Visualisierun-
gen sind, und wobei die Visualisierungen in einem
benachbarten separaten Fenster auf der Anzeige
bereitgestellt werden, und wobei die Nachführungs-
sequenz eine Vielzahl von kleinen Kippwinkelanre-
gungen beinhaltet, wobei jede Wiederholung dazu
ausgelegt ist, die X-, Y- oder Z-Komponente der
Nachführungsspulenkoordinaten nacheinander an-
zuzeigen.

3. System gemäß Anspruch 1 oder Anspruch 2, wobei
der Schaltkreis ferner zu Folgendem konfiguriert ist:
(i) Bereitstellen einer Patientenplanungskarte mit
mindestens einem darauf identifizierten Zielbehand-
lungsort, die zu dem 3-D-MRT-Bildraum registriert
ist,
wobei der Schaltkreis optional in Kommunikation mit
einer Anzeige mit einer Benutzerschnittstelle steht,
die es einem Benutzer gestattet auszuwählen, ob
der mindestens eine Zielbehandlungsort in den Vi-
sualisierungen gezeigt werden soll, so dass: (i) der
mindestens eine Behandlungsort mit den Nah-RT-
MR-Bildern ohne ein Modell gezeigt wird oder mit
dem im Verhältnis zu dem mindestens einen Be-
handlungsort und den Nah-RT-MR-Bildern ausge-
blendeten Modell gezeigt wird; oder (ii) der mindes-
tens eine Behandlungsort mit der Planungskarte
oder einem anderen registrierten Patientenmodell
und mit den Nah-RT-MR-Bildern gezeigt wird.

4. System gemäß einem der vorhergehenden Ansprü-
che, wobei der biegsame Katheter ein Spitzenende
(80t) mit mindestens zwei beabstandeten Nachfüh-
rungsspulen (82c) aufweist, die sich rückwärts von
der Spitze (80t) in einem Abstand am distalen En-
dabschnitt (80d) des Katheters befinden, und wobei

der Schaltkreis (60c) dazu konfiguriert ist, die Posi-
tion der Spitze des Katheters in dem 3-D-Bildge-
bungsraum unter Verwendung der Nachführungs-
spulen-Signaldaten von den Nachführungsspulen
(82c) zu berechnen und die physikalische Darstel-
lung von mindestens dem distalen Endabschnitt des
Katheters in den Visualisierungen zu erzeugen, ba-
sierend auf mindestens einem der Folgenden: (i) der
bekannten oder vorhersagbaren Variation der Ge-
stalt des distalen Endabschnitts des biegsamen Ka-
theters; und (ii) der räumlichen Beziehung der Nach-
führungsspulen zueinander und/oder zu der Spitze
des Katheters.

5. System gemäß einem der vorhergehenden Ansprü-
che, wobei der Schaltkreis in Kommunikation mit
dem MRT-Scanner steht und/oder ein Teil davon ist
und wobei der MRT-Scanner im Wesentlichen kon-
tinuierlich das Gewinnen von Nachführungsspulen-
daten mit Bilddaten zum Erzeugen der interaktiven
Visualisierungen mit den physikalischen Darstellun-
gen von mindestens dem distalen Endabschnitt des
mindestens einen Katheters verschachtelt, und wo-
bei die Nachführungssequenz Signale, die im rech-
ten Winkel zu einer Leserichtung stehen, aus der
Phase bringt, um unerwünschte Signale von 1) Mas-
senobjekten und 2) Regionen, die von signalemp-
findlichen Teilen des biegsamen Katheters abgetas-
tet werden, abzuschwächen, damit ein scharfer
Peak bleibt, der die Position der Nachführungsspu-
len anzeigt, und wobei, nachdem eine Nachfüh-
rungssequenz abgeschlossen worden ist, ein Spoi-
lergradient verwendet werden kann, um alle verblei-
benden transversalen Signale aus der Phase zu
bringen, bevor die Bildsequenz ausgeführt wird.

6. System gemäß einem der vorhergehenden Ansprü-
che, wobei der Schaltkreis (60c) in Kommunikation
mit mindestens einer Anzeige (20) mit einer Benut-
zerschnittstelle (25) steht und wobei die Benutzer-
schnittstelle so konfiguriert ist, dass sie es einem
Benutzer gestattet, die Gewebecharakterisierungs-
oder elektroanatomischen Daten in mindestens ei-
ner Visualisierung von den Folgenden oder in beiden
davon selektiv auszublenden und/oder ein- und aus-
zuschalten: (a) an einem dreidimensionalen zuvor
akquirierten Modell eines Herzens eines Patienten
in den Visualisierungen, dem in dem 3-D-Bildge-
bungsraum gezeigten und/oder zu diesem registrier-
ten Modell; und/oder (b) in den Nah-RT-MR-Bildern
ohne das zuvor akquirierte Modell.

7. System gemäß einem der Ansprüche 1 bis 5, wobei
der Schaltkreis in Kommunikation mit mindestens ei-
ner Anzeige (20) mit einer Benutzerschnittstelle (25)
steht und wobei die Benutzerschnittstelle so konfi-
guriert ist, dass sie es einem Benutzer gestattet, (i)
die Gewebecharakterisierungsdaten oder elektroa-
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natomischen Daten in den Visualisierungen selektiv
auszublenden und/oder ein- und auszuschalten und
(ii) die Gewebe- und/oder elektroanatomischen Da-
ten nur mit dem Nah-RT-MR-Bildern in den Visuali-
sierungen zu zeigen oder mit einem Modell und den
Nah-RT-MR-Bildern in den Visualisierungen zu zei-
gen.

8. System gemäß einem der vorhergehenden Ansprü-
che, wobei die physikalische Darstellung im Wesent-
lichen eine 3-D-Nachbildungsdarstellung einer tat-
sächlichen physikalischen Konfiguration von min-
destens einem distalen Endabschnitt (80d) des Ka-
theters ist.

9. System gemäß einem der vorhergehenden Ansprü-
che, wobei der Schaltkreis (60c) dazu konfiguriert
ist, ein volumetrisches 3-D-Modell (100M) von min-
destens einem Abschnitt des Herzens des Patienten
in den gerenderten Visualisierungen mit dem zu dem
3-D-Bildgebungsraum registrierten Modell zusam-
men mit der physikalischen Darstellung (80R) von
mindestens dem distalen Endabschnitt des mindes-
tens einen Katheters in dem 3-D-Bildgebungsraum
darzustellen,
wobei der Schaltkreis optional in Kommunikation mit
einer Anzeige (20) und einer Benutzerschnittstelle
(25) steht, wobei die Benutzerschnittstelle dazu kon-
figuriert ist, es einem Benutzer zu gestatten, eine
angezeigte Visualisierung so zu verändern, dass sie
nur ein Nah-RT-Bild der Anatomie einschließt, dass
sie das Nah-RT-Bild der Anatomie und das regist-
rierte Modell des Herzens einschließt oder dass sie
nur das registrierte Modell des Herzens einschließt,
wobei der Schaltkreis ferner optional dazu konfigu-
riert ist, das Modell in den Visualisierungen in einer
von einer Vielzahl verschiedener auswählbarer Ar-
ten zu zeigen, u. a. mindestens zwei der Folgenden:
einer Schnittmodell-, Drahtmodell-, durchscheinen-
den, farbkodierten oder opaken Konfiguration, je
nach der Eingabe des Benutzers unter Verwendung
der Benutzerschnittstelle.

10. System gemäß einem der vorhergehenden Ansprü-
che, wobei der Schaltkreis dazu konfiguriert ist, die
Visualisierungen zu rendern, um eine Spitzenlage
des Katheters mit einer ersten dreidimensionalen
Gestalt zu zeigen und jede Nachführungsspule am
distalen Endabschnitt mit einer zweiten verschiede-
nen dreidimensionalen Gestalt oder Gestalten und
einer Farbe zu zeigen, wobei jede Nachführungs-
spule eine jeweils von den anderen Nachführungs-
spulen verschiedene Farbe aufweist, und die Visu-
alisierungen zu rendern und eine Linie oder Spline,
welche die Spitze und die Spulengestalten verbin-
det, einzuschließen.

11. System gemäß einem der vorhergehenden Ansprü-

che, wobei der Schaltkreis dazu konfiguriert ist, die
Visualisierungen mit mindestens zwei visuellen Be-
zugsebenen (41, 42), die schief oder orthogonal zu-
einander liegen, zu erzeugen,
wobei der Schaltkreis optional in Kommunikation mit
einer Anzeige (20) mit einer Benutzerschnittstelle
(25) steht und wobei die zwei Ebenen transparent
und/oder durchscheinend mit in verschiedenen Far-
ben erscheinenden Begrenzungslinien sind und sich
im Verhältnis zu dem Modell bewegen können
und/oder am Modell arretiert sind, und wobei die Be-
nutzerschnittstelle dazu konfiguriert ist, es einem
Benutzer zu gestatten, das Modell zu rotieren und
die Bezugsebenen zu bewegen, um die in der Visu-
alisierung gezeigte Ansicht der Anatomie zu ändern.

12. System gemäß einem der vorhergehenden Ansprü-
che, wobei die Nachführungssequenz Signale, die
im rechten Winkel zu einer Leserichtung stehen, aus
der Phase bringt, um unerwünschte Signale von 1)
Massenobjekten und 2) Regionen, die von signal-
empfindlichen Teilen des biegsamen Katheters ab-
getastet werden, abzuschwächen, damit ein schar-
fer Peak bleibt, der die Position der Nachführungs-
spulen anzeigt, und wobei, nachdem eine Nachfüh-
rungssequenz abgeschlossen worden ist, ein Spoi-
lergradient verwendet werden kann, um alle verblei-
benden transversalen Signale aus der Phase zu
bringen, bevor die Bildsequenz ausgeführt wird.

13. System gemäß einem der vorhergehenden Ansprü-
che, wobei der Schaltkreis dazu konfiguriert ist, ein
volumetrisches anatomisches Patientenmodell
(100M) von mindestens einem Abschnitt des Her-
zens und mindestens zwei orthogonale oder schiefe,
sich überschneidende Bezugsebenen in dem
Bildraum in den Visualisierungen zu zeigen, wobei
die Bezugsebenen sich überschneiden und sich
über das Patientenmodell und die Nah-RT-MR-Bil-
der des lokalen Gewebes erstrecken, wobei die Be-
zugsebenen mit den anatomischen Scan-Ebenen
ausgerichtet sind.

14. System gemäß einem der vorhergehenden Ansprü-
che, wobei der Schaltkreis dazu konfiguriert ist, es
einem Benutzer zu gestatten, die Visualisierungen
unter Verwendung einer Benutzerschnittstelle, die
in Kommunikation mit einer Anzeige steht, zu mani-
pulieren, u. a. zum: Rotieren, Abschneiden oder Zoo-
men des Modells in einer jeweiligen Visualisierung,
und wobei der Schaltkreis automatisch anatomisch
relevante Scan-Ebenen auswählt, um die MR-Bild-
daten als Reaktion darauf zu erhalten.

15. System gemäß einem der vorhergehenden Ansprü-
che, wobei der Katheter ein therapeutischer Kathe-
ter ist, der mindestens einen von einem Injektions-
oder Ablationskatheter mit einem Katheterspitzen-
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abschnitt (80t) einschließt, wobei der Schaltkreis
(60c) in Kommunikation mit einer Anzeige steht, wo-
bei die Anzeige ein Nahaufnahme-Sichtfenster
(20w2) beinhaltet, um die Läsionsbildung oder das
Zuführen der Injektion zu zeigen, wobei der Schalt-
kreis automatisch einen MRT-Scanner elektronisch
anweist, Schichtbilder unter Verwendung von Scan-
Ebenen, die auf einer bekannten Position des Ka-
theterspitzenabschnitts basieren, zu erhalten, und
wobei mindestens einige der Bilder in dem Nahauf-
nahme-Sichtfenster unter Verwendung von MR-
Bilddaten mit hoher Auflösung erzeugt werden.

16. System gemäß einem der vorhergehenden Ansprü-
che, das ferner eine Anzeige mit einer Benutzer-
schnittstelle (UI) beinhaltet, wobei die UI (25) dazu
konfiguriert ist, es einem Benutzer zu gestatten, eine
Dimensionsverschiebung von etwa 0 bis 5 mm für
eine Bildscan-Ebene auszuwählen, die über eine
Entfernung im Verhältnis zu dem distalen En-
dabschnitt und/oder der Spitze des biegsamen Ka-
theters (80) nach vorne projiziert wird, die unter Ver-
wendung der Nachführungsspulen-Signaldaten
identifiziert wurde, wobei der Schaltkreis eine Lage
der Schnittstelle zwischen der Katheter-Gewebe-
Schnittstellen-Lage des biegsamen Katheters in
dem dreidimensionalen MRT-Bildraum berechnet
und die berechnete Schnittstellenlage und die aus-
gewählte Verschiebung dazu verwendet, automa-
tisch mindestens eine Scan-Ebene zu definieren, die
zum Gewinnen der Nah-Echtzeit-MR-Bilddaten ver-
wendet wird, und wobei die berechnete Katheter-
Gewebe-Schnittstelle entweder (a) als eine Tangen-
te und als im Wesentlichen in einer Linie mit mindes-
tens zwei der Nachführungsspulen liegend berech-
net wird oder (b) als eine Ebene in dem 3-D-Bildraum
in der Nähe einer projizierten Ebene berechnet wird,
die durch mindestens drei Punkte in Verbindung mit
drei verschiedenen der Nachführungsspulen (82)
definiert wird.

17. System gemäß einem der vorhergehenden Ansprü-
che, wobei der biegsame Katheter (80) ein Injekti-
ons- oder Ablationskatheter ist und wobei der Schalt-
kreis (60c) eine Lage der Scan-Ebene für eine En-
face-Ansicht an einer Katheter-Gewebe-Schnittstel-
len-Lage des Katheters in dem dreidimensionalen
Bildraum berechnet, die entlang der Linie des Ka-
theters nach außen projiziert wird, so dass sie im
Wesentlichen parallel zu dem Gewebe in der Nähe
der Katheter-Gewebe-Schnittstelle ist, und wobei
die berechnete Lage der Scan-Ebene zum Gewin-
nen der Nah-Echtzeit-MR-Bilddaten während
und/oder in unmittelbarer zeitlicher Nähe einer In-
jektion oder Ablation unter Verwendung des mindes-
tens einen Katheters verwendet wird.

18. System gemäß einem der vorhergehenden Ansprü-

che, wobei der Schaltkreis in Kommunikation mit ei-
ner Anzeige (20) mit einer Benutzerschnittstelle
steht und wobei die Benutzerschnittstelle dazu kon-
figuriert ist, es einem Benutzer zu gestatten, ver-
schiedene zuvor akquirierte und/oder in situ erzeug-
te Karten auszuwählen, die mindestens zwei der Fol-
genden einschließen, zur Darstellung der gewählten
Karte oder damit in Verbindung stehenden Daten
auf der mindestens einen Anzeige, die zu dem 3-D-
MRT-Bildraum registriert sind oder räumlich mit die-
sem ausgerichtet sind:

eine Thermal-Gewebecharakterisierungskarte;
eine Ödem-Gewebecharakterisierungskarte;
eine erste verzögerte Verstärkungs-Gewebe-
charakterisierungskarte;
eine zweite verzögerte Verstärkungs-Gewebe-
charakterisierungskarte, aufgenommen nach
der ersten verzögerten Verstärkungs-Gewebe-
charakterisierungskarte;
eine hypoxische Gewebecharakterisierungs-
karte;
eine Gefäßsystemgewebecharakterikakarte;
eine Fasergewebecharakteristikakarte;
eine ischämische Gewebecharakterisierungs-
karte;
eine Fluidverteilungskarte;
eine Belichtungskarte; und
eine elektroanatomische Karte.

19. Ein Computerprogrammprodukt zum Erleichtern ei-
ner MRT-geführten Interventionstherapie bei einem
Patienten, wobei das Computerprogrammprodukt
Folgendes beinhaltet:

ein nichtflüchtiges computerlesbares Speicher-
medium mit computerlesbarem Programm-
code, der in dem Medium verkörpert ist, wobei
der computerlesbare Programmcode Folgen-
des beinhaltet:

computerlesbaren Programmcode, der ei-
nen MRT-Scanner anweist, Folgendes in
einer verschachtelten Weise zu gewinnen:
(a) Nachführungssignaldaten von Nachfüh-
rungsspulen in Verbindung mit einer im Kör-
perinnern befindlichen biegsamen Vorrich-
tung und (b) MR-Bilddaten, beide in dem
gleichen 3-D-Bildraum mit einem Koordina-
tensystem, wobei die Nachführungsspulen
(82) mit Koaxialkabeln (81) verbunden sind,
die jeweils mit verschiedenen Kanälen
(lOch) eines MRT-Scanners (10S) verbun-
den sind, wobei die Verschachtelung unter
Verwendung einer Nachführungssequenz
und einer Bildgebungssequenz ausgeführt
wird und wobei die Nachführungssequenz
unabhängig von der Bildgebungssequenz
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ausgeführt wird;
computerlesbaren Programmcode, der
Nah-Echtzeit(RT)-MRT-Bilddaten von min-
destens einem Abschnitt der Zielanatomie
eines Patienten unter Verwendung relevan-
ter anatomischer Scan-Ebenen erzeugt;
computerlesbaren Programmcode, der
räumliche Koordinaten in Verbindung mit ei-
ner Lage von mindestens einem distalen
Endabschnitt von mindestens einer im Kör-
perinnern befindlichen biegsamen medizi-
nischen Vorrichtung in dem 3-D-MRT-
Bildraum unter Verwendung der Nachfüh-
rungssignaldaten identifiziert; und
computerlesbaren Programmcode, der dy-
namische Nah-RT-Visualisierungen der im
Körperinnern befindlichen biegsamen me-
dizinischen Vorrichtung in dem 3-D-
Bildraum mit Nah-RT-MR-Bildern rendert,
wobei die Vorrichtung nicht in einer der ver-
wendeten relevanten anatomischen Scan-
Ebenen sein muss, die zum Gewinnen der
Nah-Echtzeit-MR-Bilddaten verwendet
werden, und wobei der distale Endabschnitt
der Vorrichtung während des MRT-geführ-
ten Verfahrens in seiner Gestalt variieren
kann.

20. Computerprogrammprodukt gemäß Anspruch 19,
das ferner Folgendes beinhaltet:

computerlesbaren Programmcode, der eine Ka-
theter-Gewebe-Schnittstellen-Lage in der Nähe
einer Spitzenlage des Katheters in dem dreidi-
mensionalen MRT-Bildraum berechnet, wobei
die Berechnung zum mathematischen Projizie-
ren eines definierten Abstands axial nach vorne
über die Spitze hinaus ausgeführt wird, um die
Schnittstelle zwischen Katheter und Gewebe zu
definieren, wobei die Berechnung der Schnitt-
stelle zwischen Katheter und Gewebe unter Ver-
wendung der X-, Y-, Z-Koordinaten der Lagen
der Nachführungsspulen ausgeführt wird, und
zwar auf eine solche Weise, dass die Lage der
Schnittstelle zwischen Katheter und Gewebe in
einem Abstand von etwa 0 bis 4 mm über eine
berechnete Lage der Spitze hinaus von einem
oder mehreren biegsamen im Körperinnern be-
findlichen Kathetern platziert wird, und wobei die
berechnete Katheter-Gewebe-Schnittstelle ent-
weder (a) als eine Tangente und als im Wesent-
lichen in einer Linie mit mindestens zwei der
Nachführungsspulen liegend berechnet wird
oder (b) als eine Ebene in dem 3-D-Bildraum in
der Nähe einer projizierten Ebene berechnet
wird, die durch mindestens drei Punkte in Ver-
bindung mit drei verschiedenen der Nachfüh-
rungsspulen (82) definiert wird; und

computerlesbaren Programmcode, der die be-
rechnete Gewebeschnittstellenlage verwendet,
um automatisch mindestens eine Scan-Ebene
zu definieren, die von dem MRT-Scanner zum
Gewinnen der MR-Bilddaten während der
und/oder in unmittelbarer zeitlicher Nähe der
Zuführung einer therapeutischen Behandlung
und/oder eines diagnostischen Verfahrens ver-
wendet wird.

21. Computerprogrammprodukt gemäß Anspruch 20,
wobei der computerlesbare Programmcode, der die
dynamischen Visualisierungen rendert, ferner com-
puterlesbaren Programmcode beinhaltet, der ein re-
gistriertes zuvor akquiriertes volumetrisches Modell
einer anatomischen Zielstruktur eines Patienten in
den Visualisierungen bereitstellt, und wobei die
Nachführungssequenz Signale, die im rechten Win-
kel zu einer Leserichtung stehen, aus der Phase
bringt, um unerwünschte Signale von 1) Massenob-
jekten und 2) Regionen, die von signalempfindlichen
Teilen des biegsamen Katheters (80) abgetastet
werden, abzuschwächen, damit ein scharfer Peak
bleibt, der die Position der Nachführungsspulen an-
zeigt, und wobei, nachdem eine Nachführungsse-
quenz abgeschlossen worden ist, ein Spoilergradi-
ent verwendet werden kann, um alle verbleibenden
transversalen Signale aus der Phase zu bringen, be-
vor die Bildsequenz ausgeführt wird.

22. Computerprogrammprodukt gemäß Anspruch 21,
das ferner computerlesbaren Programmcode bein-
haltet, der dazu konfiguriert ist, es einem Benutzer
zu gestatten, (a) die Visualisierungen zu drehen und
(b) eine angezeigte Visualisierung so zu verändern,
dass sie nur Nah-RT-Bilddaten der Zielanatomie ein-
schließt, dass sie die Nah-RT-Bilddaten der Anato-
mie und das registrierte Modell der anatomischen
Struktur einschließt oder dass sie nur das registrierte
Modell der anatomischen Struktur einschließt,
und/oder

das ferner computerlesbaren Programmcode
beinhaltet, der es einem Benutzer gestattet,
Zielläsionsorte auf dem Modell elektronisch zu
markieren oder auszuwählen, und/oder
das ferner computerlesbaren Programmcode
beinhaltet, der es einem Benutzer gestattet, ei-
ne oder mehrere Gewebekarten elektronisch
selektiv anzuzeigen, die mit dem volumetri-
schen Modell ausgerichtet und/oder zu diesem
registriert sind oder anstatt des Modells ange-
zeigt werden, wobei die Kartenauswahl mindes-
tens zwei der Folgenden einschließen:

eine Thermal-Gewebecharakterisierungs-
karte;
eine Ödem-Gewebecharakterisierungskar-
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te;
eine zu einem ersten Zeitpunkt aufgenom-
mene verzögerte Verstärkungs-Gewebe-
charakterisierungskarte;
eine verzögerte Verstärkungs-Gewebe-
charakterisierungskarte, die zu einem zwei-
ten Zeitpunkt, nachdem mindestens einige
Ablationsläsionen in dem Herzgewebe vor-
genommen worden sind, aufgenommen
wird;
eine Gefäßsystemgewebekarte;
eine Fasergewebekarte;
eine hypoxische Gewebecharakterisie-
rungskarte;
eine ischämische Gewebecharakterisie-
rungskarte;
eine Fluidverteilungskarte;
eine Belichtungskarte; und
eine elektroanatomische Karte.

Revendications

1. Système interventionnel cardiaque guidé par IRM
(10), comprenant :

un circuit (60c) configuré pour : (a) générer des
images IRM quasi en temps réel (RT) d’au moins
une partie d’un coeur d’un patient à l’aide de
plans de balayage anatomiques d’intérêt asso-
ciés à un espace d’image IRM en 3D ayant un
système coordonné ; (b) identifier des coordon-
nées dans le système coordonné d’espace
d’image IRM associées à l’emplacement d’au
moins une partie distale d’un cathéter intracor-
porel souple (80) dans l’espace d’image IRM en
3D à l’aide de données de bobines d’alignement
issues de bobines d’alignement (82) sur la partie
d’extrémité distale du cathéter (80) ; et (c) ren-
dre des visualisations quasi en RT interactives
d’au moins la partie d’extrémité distale du ca-
théter dans l’espace d’image en 3D avec une
représentation physique tridimensionnelle
(80R), le cathéter ne se trouvant pas nécessai-
rement dans un plan de balayage anatomique
d’intérêt utilisé pour obtenir des données IRM
pour les images IRM quasi en RT, et les bobines
d’alignement (82) étant connectées à des câ-
bles coaxiaux (81) qui sont individuellement
connectés à différents canaux (lOch) d’un ap-
pareil IRM (10S), le circuit dirigeant l’appareil
IRM pour générer une séquence d’alignement
et une séquence d’imagerie, et la séquence
d’alignement étant réalisée indépendamment
de la séquence d’imagerie.

2. Système de la revendication 1, dans lequel le circuit
est en outre configuré pour fournir une fenêtre sur

un écran d’une interface pointe de cathéter/tissu as-
sociée à l’au moins un cathéter souple, la fenêtre
fournissant des images IRM haute résolution quasi
en temps réel séparées des visualisations, et les vi-
sualisations étant fournies dans une fenêtre séparée
adjacente sur l’écran, et la séquence d’alignement
comprenant une pluralité d’excitations à faible angle
de bascule, chaque répétition étant conçue pour in-
diquer successivement la composante X, Y ou Z des
coordonnées de bobines d’alignement.

3. Système de la revendication 1 ou de la revendication
2, dans lequel le circuit est en outre configuré pour
(i) fournir une carte de planification de patient avec
au moins un site de traitement cible identifié sur celle-
ci et enregistré sur l’espace d’image en 3D,
le circuit étant éventuellement en communication
avec un écran avec une interface utilisateur qui per-
met à un utilisateur de choisir d’afficher ou non l’au
moins un site de traitement cible dans les visualisa-
tions de sorte que : (i) l’au moins un site de traitement
soit affiché avec les images IRM quasi en RT sans
modèle ou avec le modèle estompé par rapport à
l’au moins un site de traitement et aux images IRM
quasi en RT ; ou (ii) que l’au moins un site de traite-
ment soit affiché avec la carte de planification ou un
autre modèle de patient enregistré et avec les ima-
ges IRM quasi en RT.

4. Système de l’une quelconque des revendications
précédentes, dans lequel le cathéter souple possè-
de une extrémité en pointe (80t) avec au moins deux
bobines d’alignement (82c) espacées disposées à
une certaine distance en arrière de la pointe (80t)
sur la partie d’extrémité distale (80d) du cathéter, et
dans lequel le circuit (60c) est configuré pour calculer
la position de la pointe du cathéter dans l’espace
d’imagerie en 3D à l’aide des données de signal de
bobines d’alignement issues des bobines d’aligne-
ment (82c) et générer la représentation physique
d’au moins la partie d’extrémité distale du cathéter
dans les visualisations sur la base d’au moins un
des éléments suivants : (i) une variation de forme
connue ou prévisible de la partie d’extrémité distale
du cathéter souple ; et (ii) la relation spatiale des
bobines d’alignement entre elles et/ou avec la pointe
du cathéter.

5. Système de l’une quelconque des revendications
précédentes, dans lequel le circuit est en communi-
cation avec l’appareil IRM et/ou solidaire de celui-ci,
et dans lequel l’appareil IRM intercale sensiblement
en continu l’obtention de données de bobines d’ali-
gnement avec des données d’image pour générer
les visualisations interactives avec les représenta-
tions physiques d’au moins la partie d’extrémité dis-
tale de l’au moins un cathéter, et dans lequel la sé-
quence d’alignement déphase des signaux perpen-
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diculaires à une direction de lecture afin d’atténuer
des signaux non souhaités provenant 1) de masses
et 2) de régions détectées par des parties sensibles
aux signaux du cathéter souple de façon à laisser
un pic aigu indiquant la position des bobines d’ali-
gnement, et dans lequel, une fois la séquence d’ali-
gnement effectuée, une impulsion de gradient peut
être utilisée pour déphaser tout signal transversal
résiduel avant l’exécution de la séquence d’image.

6. Système de l’une quelconque des revendications
précédentes, dans lequel le circuit (60c) est en com-
munication avec au moins un écran (20) avec une
interface d’utilisateur (25), et dans lequel l’interface
d’utilisateur est configurée pour permettre à un uti-
lisateur d’estomper et/ou de mettre en marche et à
l’arrêt, sélectivement, des données de caractérisa-
tion de tissu ou des données électro-anatomiques
dans au moins une visualisation dans l’un ou l’autre
ou l’ensemble des éléments suivants : (a) sur un mo-
dèle tridimensionnel acquis au préalable d’un coeur
d’un patient dans les visualisations, le modèle étant
présenté dans l’espace d’imagerie en 3D et/ou en-
registré dans celui-ci ; et/ou (b) dans les images IRM
quasi en RT sans modèle acquis au préalable.

7. Système de l’une quelconque des revendications 1
à 5, dans lequel le circuit est en communication avec
au moins un écran (20) avec une interface d’utilisa-
teur (25), et dans lequel l’interface d’utilisateur est
configurée pour permettre à un utilisateur de (i) sé-
lectivement estomper et/ou mettre en marche ou à
l’arrêt des données de caractérisation de tissu ou
des données électro-anatomiques dans les visuali-
sations et (ii) présenter les données de tissu et/ou
électro-anatomiques uniquement avec les images
IRM quasi en RT dans les visualisations ou avec un
modèle dans les images IRM quasi en RT dans les
visualisations.

8. Système de l’une quelconque des revendications
précédentes, dans lequel la représentation physique
est sensiblement une représentation répliquée en
3D d’une configuration physique effective d’au
moins une partie d’extrémité distale (80d) du cathé-
ter.

9. Système de l’une quelconque des revendications
précédentes, dans lequel le circuit (60c) est confi-
guré pour présenter un modèle volumétrique en 3D
(100M) d’au moins une partie du coeur du patient
dans les visualisations rendues avec le modèle en-
registré dans l’espace d’imagerie en 3D ainsi que la
représentation physique (80R) d’au moins la partie
d’extrémité distale de l’au moins un cathéter dans
l’espace d’imagerie en 3D,
dans lequel éventuellement le circuit est en commu-
nication avec un écran (20) et une interface d’utili-

sateur (25), l’interface d’utilisateur étant configurée
pour permettre à un utilisateur de modifier une vi-
sualisation affichée pour inclure uniquement une
image quasi en RT de l’anatomie, pour inclure l’ima-
ge quasi en RT de l’anatomie et le modèle enregistré
du coeur, ou pour inclure uniquement le modèle en-
registré du coeur,
dans lequel en outre, éventuellement, le circuit est
configuré pour présenter le modèle dans les visua-
lisations de l’une d’une pluralité de manières diffé-
rentes sélectionnables, parmi lesquelles au moins
deux des suivantes : une vue en transparence, une
représentation filaire, une vue translucide, une con-
figuration à code couleur ou opaque, selon l’entrée
d’utilisateur à l’aide de l’interface d’utilisateur.

10. Système de l’une quelconque des revendications
précédentes, dans lequel le circuit est configuré pour
rendre les visualisations afin de présenter un empla-
cement de pointe du cathéter avec une première for-
me tridimensionnelle et de présenter chaque bobine
d’alignement sur la partie d’extrémité distale avec
au moins une deuxième forme tridimensionnelle dif-
férente et une couleur différente, chaque bobine
d’alignement ayant une couleur respective différente
des autres bobines d’alignement, et pour rendre les
visualisations et inclure une ligne ou un spline reliant
les formes de pointe et de bobines d’alignement.

11. Système de l’une quelconque des revendications
précédentes, dans lequel le circuit est configuré pour
générer les visualisations avec au moins deux plans
de référence visuels (41, 42) qui sont obliques ou
orthogonaux l’un par rapport à l’autre,
dans lequel éventuellement le circuit est en commu-
nication avec un écran (20) ayant une interface d’uti-
lisateur (25), et dans lequel les deux plans sont trans-
parents et/ou translucides avec des périmètres de
couleurs différentes et peuvent se déplacer par rap-
port au modèle et/ou sont figés sur le modèle, et
dans lequel l’interface d’utilisateur est configurée
pour permettre à un utilisateur d’effectuer une rota-
tion du modèle et de déplacer les plans de référence
pour modifier la vue de l’anatomie présentée dans
la visualisation.

12. Système de l’une quelconque des revendications
précédentes, dans lequel la séquence d’alignement
déphase les signaux perpendiculaires à une direc-
tion de lecture afin d’atténuer des signaux non sou-
haités provenant 1) de masses et 2) de régions dé-
tectées par des parties sensibles aux signaux du ca-
théter souple de façon à laisser un pic aigu indiquant
la position des bobines d’alignement, et dans lequel,
une fois la séquence d’alignement effectuée, une
impulsion de gradient peut être utilisée pour dépha-
ser tout signal transversal résiduel avant l’exécution
de la séquence d’image.
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13. Système de l’une quelconque des revendications
précédentes, dans lequel le circuit est configuré pour
présenter un modèle anatomique de patient volumé-
trique (100M) d’au moins une partie du coeur et au
moins deux plans de référence en intersection or-
thogonale ou oblique dans l’espace d’image dans
les visualisations, les plans de référence se croisant
et s’étendant à travers le modèle de patient et les
images IRM quasi en RT de tissu local, les plans de
référence étant alignés avec les plans de balayage
anatomiques.

14. Système de l’une quelconque des revendications
précédentes, dans lequel le circuit est configuré pour
permettre à un utilisateur de manipuler les visuali-
sations à l’aide d’une interface d’utilisateur en com-
munication avec un écran, notamment de : faire tour-
ner, découper ou agrandir le modèle dans une vi-
sualisation respective, et dans lequel le circuit sé-
lectionne automatiquement les plans de balayage
anatomiques d’intérêt pour obtenir des données
d’image IRM en réponse à celles-ci.

15. Système de l’une quelconque des revendications
précédentes, dans lequel le cathéter est un cathéter
thérapeutique comprenant au moins l’un cathéter
d’injection ou d’un cathéter d’ablation avec une par-
tie en pointe de cathéter (80t), le circuit (60c) étant
en communication avec un écran, l’écran compre-
nant une fenêtre de visualisation en gros plan (20w2)
pour montrer la formation de lésion ou l’administra-
tion d’injection, le circuit dirigeant électroniquement
automatiquement un appareil IRM pour obtenir des
coupes en image à l’aide de plans de balayage qui
sont basés sur une position connue de la partie en
pointe de cathéter, et au moins certaines des images
dans la fenêtre de visualisation en gros plan étant
générées à l’aide de données d’image IRM haute
résolution.

16. Système de l’une quelconque des revendications
précédentes, comprenant en outre un écran avec
une interface d’utilisateur (UI), l’UI (25) étant confi-
gurée pour permettre à un utilisateur de choisir un
décalage dimensionnel d’environ 0 à 5 mm pour un
plan de balayage d’image qui est projeté vers l’avant
à une certaine distance par rapport à la partie d’ex-
trémité distale et/ou la pointe du cathéter souple (80)
identifiée à l’aide des données de signal de bobines
d’alignement, le circuit calculant un emplacement
d’interface cathéter-tissu du cathéter souple dans
l’espace d’image tridimensionnelle IRM et utilisant
l’emplacement d’interface calculé et le décalage
choisi pour définir automatiquement au moins un
plan de balayage utilisé pour obtenir les données
d’image IRM quasi en temps réel, et l’interface ca-
théter/tissu calculée étant soit (a) calculée pour être
tangente et sensiblement en alignement avec au

moins deux des bobines d’alignement, soit (b) cal-
culée sous la forme d’un plan dans l’espace d’image
en 3D à proximité d’un plan projeté défini par au
moins trois points associés à trois bobines différen-
tes des bobines d’alignement (82).

17. Système de l’une quelconque des revendications
précédentes, dans lequel le cathéter souple (80) est
un cathéter d’injection ou d’ablation, et dans lequel
le circuit (60c) calcule un emplacement de plan de
balayage pour une vue de face au niveau d’un em-
placement d’interface cathéter-tissu du cathéter
dans l’espace d’image tridimensionnelle qui est pro-
jeté vers l’extérieur le long de la ligne du cathéter
pour être sensiblement parallèle au tissu à proximité
de l’interface cathéter-tissu, et dans lequel l’empla-
cement de plan de balayage calculé est utilisé pour
obtenir les données d’image IRM quasi en temps
réel au cours et/ou à un moment proche d’une injec-
tion ou d’une ablation à l’aide de l’au moins cathéter.

18. Système de l’une quelconque des revendications
précédentes, dans lequel le circuit est en communi-
cation avec un écran (20) avec une interface d’utili-
sateur, et dans lequel l’interface d’utilisateur est con-
figurée pour permettre à un utilisateur de choisir des
cartes acquises au préalable et/ou générées in situ
différentes comprenant au moins deux des éléments
suivants pour une présentation de la carte choisie
ou de données associées à celle-ci sur l’au moins
un écran, enregistrées dans l’espace d’image IRM
en 3D ou spatialement alignées avec celui-ci :

une carte de caractérisation de tissu thermique ;
une carte de caractérisation de tissu d’oedème ;
une première carte de caractérisation de tissu
à renforcement retardé ;
une deuxième carte de caractérisation de tissu
à renforcement retardé prise après la première
carte de caractérisation de tissu à renforcement
retardé ;
une carte de caractérisation de tissu hypoxique ;
une carte de caractéristique de tissu vasculaire ;
une carte caractéristique de tissu fibreux ;
une carte de caractérisation de tissu
ischémique ;
une carte de distribution de fluide ;
une carte d’exposition à la lumière ; et
une carte électro-anatomique.

19. Produit de programme informatique destiné à facili-
ter une thérapie interventionnelle guidée par IRM
chez un patient, le produit de programme informati-
que comprenant :

un support de stockage non transitoire lisible par
ordinateur dans lequel est intégré un code de
programme lisible par ordinateur, le code de pro-
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gramme lisible par ordinateur comprenant :

un code de programme lisible par ordina-
teur qui dirige un appareil IRM pour obtenir
de manière intercalée (a) des données de
signal d’alignement issues de bobines d’ali-
gnement associées à un dispositif intracor-
porel souple, et (b) des données d’image
IRM, toutes dans le même espace d’image
en 3D avec un système coordonné, les bo-
bines d’alignement (82) étant connectées à
des câbles coaxiaux (81) qui sont indivi-
duellement connectés à différents canaux
(lOch) d’un appareil IRM (10S), l’intercalage
étant réalisé à l’aide d’une séquence d’ali-
gnement et d’une séquence d’imagerie, et
la séquence d’alignement étant réalisée in-
dépendamment de la séquence
d’imagerie ;
un code de programme lisible par ordina-
teur qui génère des données d’image IRM
quasi en temps réel (RT) d’au moins une
partie d’une anatomie cible d’un patient à
l’aide de plans de balayage anatomiques
d’intérêt ;
un code de programme lisible par ordina-
teur qui identifie des coordonnées spatiales
associées à un emplacement d’au moins
une partie d’extrémité distale d’au moins un
dispositif médical intracorporel souple dans
l’espace d’image en 3D à l’aide des don-
nées de signal d’alignement ; et
un code de programme lisible par ordina-
teur qui rend des visualisations quasi en RT
dynamiques du dispositif médical intracor-
porel souple dans l’espace d’image en 3D
avec les images IRM quasi en RT, le dispo-
sitif ne se trouvant pas nécessairement
dans un plan de balayage anatomique d’in-
térêt utilisé pour obtenir les des données
IRM quasi en temps réel, et la partie d’ex-
trémité distale du dispositif pouvant varier
en termes de forme au cours de la procé-
dure guidée par IRM.

20. Produit de programme informatique de la revendi-
cation 19, comprenant en outre :

un code de programme lisible par ordinateur qui
calcule un emplacement d’interface cathéter-
tissu à proximité d’un emplacement de pointe
du cathéter dans l’espace d’image IRM tridimen-
sionnelle, le calcul étant configuré pour projeter
mathématiquement axialement vers l’avant une
distance définie au-delà de la pointe pour définir
l’interface cathéter-tissu, le calcul de l’interface
cathéter/tissu étant réalisé à l’aide de coordon-
nées X, Y, Z des emplacements des bobines

d’alignement de sorte à placer l’emplacement
de l’interface cathéter-tissu à une distance d’en-
viron 0 à 4 mm au-delà d’un emplacement cal-
culé de la pointe d’au moins un des cathéters
intracorporels souples, et l’interface cathé-
ter/tissu calculée étant soit (a) calculée pour être
tangente et sensiblement alignée avec au moins
deux des bobines d’alignement, soit (b) calculée
sous la forme d’un plan dans un espace d’image
en 3D à proximité d’un plan projeté défini par au
moins trois points associés à trois bobines dif-
férentes des bobines d’alignement (82) ; et
un code de programme lisible par ordinateur qui
utilise l’emplacement d’interface de tissu calcu-
lée pour définir automatiquement au moins un
plan de balayage utilisé par l’appareil IRM pour
obtenir les données d’image IRM au cours et/ou
à un moment proche de l’administration d’un
traitement thérapeutique et/ou d’une procédure
diagnostique.

21. Produit de programme informatique de la revendi-
cation 20, dans lequel le code de programme lisible
par ordinateur qui rend les visualisations dynami-
ques comprend en outre un code programme lisible
par ordinateur qui fournit un modèle volumétrique
acquis au préalable enregistré d’une structure ana-
tomique cible d’un patient dans les visualisations, et
dans lequel la séquence d’alignement déphase les
signaux perpendiculaires à une direction de lecture
afin d’atténuer les signaux non souhaités provenant
1) de masses et 2) de régions détectées par des
parties sensibles aux signaux du cathéter souple
(80) de façon à laisser un pic aigu indiquant la posi-
tion des bobines d’alignement, et dans lequel, une
fois la séquence d’alignement effectuée, une impul-
sion de gradient peut être utilisée pour déphaser tout
signal transversal résiduel avant l’exécution de la
séquence d’image.

22. Produit de programme informatique de la revendi-
cation 21, comprenant en outre un code de program-
me lisible par ordinateur configuré pour permettre à
un utilisateur (a) d’effectuer une rotation des visua-
lisations, et (b) de modifier une visualisation affichée
pour inclure uniquement des données d’image quasi
en RT de l’anatomie cible, pour inclure les données
d’image quasi en RT de l’anatomie et le modèle en-
registré de la structure anatomique, ou d’inclure uni-
quement le modèle enregistré de la structure anato-
mique, et/ou
comprenant en outre un code de programme lisible
par ordinateur qui permet à un utilisateur de marquer
électroniquement ou de choisir des sites de lésion
cibles sur le modèle, et/ou
comprenant en outre un code de programme lisible
par ordinateur qui permet à un utilisateur d’afficher
électroniquement sélectivement au moins une carte
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de tissu alignée avec et/ou enregistrée dans le mo-
dèle volumétrique ou affichée au lieu du modèle, les
choix de cartes comprenant au moins deux des élé-
ments suivants :

une carte de caractérisation de tissu thermique ;
une carte de caractérisation de tissu d’oedème ;
une carte de caractérisation de tissu à renforce-
ment retardé prise à un premier moment ;
une carte de caractérisation de tissu à renforce-
ment retardé prise à un deuxième moment après
la création d’un moins quelques lésions d’abla-
tion dans le tissu cardiaque ;
une carte de caractéristique de tissu vasculaire ;
une carte caractéristique de tissu fibreux ;
une carte de caractérisation de tissu hypoxique ;
une carte de caractérisation de tissu
ischémique ;
une carte de distribution de fluide ;
une carte d’exposition à la lumière ; et
une carte électro-anatomique.
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