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Description

Field of the Invention

[0001] The present invention relates to an apparatus
for treatment of atrial fibrillation, and more particularly,
to an apparatus using high intensity focused ultrasound
non-invasively to disrupt abnormal cardiac electrical
pathways contributing to atrial fibrillation.

Background of the Invention

[0002] US5 391 140 relates to therapy apparatus con-
figured for rectal insertion for prostate treatment. The ap-
paratus has focused, therapeutic ultrasound waves hav-
ing a first frequency, which includes an ultrasound locat-
ing system that emits diagnostic ultrasound that has a
second frequency. The ultrasound locating system also
receives parts of the diagnostic ultrasound reflected in
the body of the subject and converts them into electrical
signals which are used to form an image of the zone to
be treated.

[0003] FR 2 827 149 relates to a treatment probe for
focussed ultrasound comprising: a probe body which is
mounted in rotation around an axis; an elongated treat-
ment transducer with a focussed ultrasound emission
acoustic axis which is more or less the same as the ro-
tation axis of the probe body; and an imaging transducer,
the imaging plane of which contains the acoustic axis of
the treatment transducer. The inventive probe can be
used to provide a simple treatment. The probe body can
be rotated around the axis in order to vary the direction
of the imaging plane without moving the focus which al-
ways remains in the imaging plane. The treatment trans-
ducer can be extended in orderto provide safer treatment
in relation to the organs to be treated and without risk of
damaging the fragile surrounding organs. The focused
ultrasound probe has a casing which rotates around an
axis. The image transducer has a bar shape giving a
linear sweep, its axis is parallel to the longitudinal direc-
tion of the treatment transducer.

[0004] US 5 817 021 relates to a therapy apparatus
and method for treating conditions of the heart and, par-
ticularly, of heart-proximate vessels with therapeutic ul-
trasound waves having a therapeutically effective region.
The therapy apparatus generates therapeutic ultrasound
waves with such intensity that tissue modifications, par-
ticularly necrotization, are produced in the tissue located
in the region of influence. The therapy apparatus prefer-
ably contains an ultrasound source that can be trans-
esophageally applied.

[0005] WO 01/82778 relates to a method of treating
tissue that includes providing orienting the transducers
adjacent the treatment region, exciting the transducers
to treat the tissue, and flushing fluid over the transducers.
The apparatus for treating tissue includes a catheter, a
device for monitoring the temperature adjacent the trans-
ducers, at least one transducer driver for exciting the
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transducers to treat the tissue, and a source providing a
flow of fluid through the lumen and over the transducers.
[0006] GB 2 267 035 relates to a catheter comprising
an ultrasonic transducer at its distal end and an electrode
mounted in proximity thereto for receiving electrical car-
diac signals to enable positioning of the transducer.
Wires traverse the length of the catheter to connect the
electrode with external monitoring equipment such as an
electrocardiograph. The transducer, which may be of sin-
gle crystal or phased array crystal type, delivers ultra-
sonic energy to myocardial tissue at frequencies suffi-
cient to destroy tissue implicated in arrhythmia.

[0007] WO 89/07909 relates to a transducer assembly
for visualization and treatment of transcutaneous and in-
traoperative sites. The assembly includes a visualization
transducer and a treatment transducer, each of which
are movable with both linear and rotary degrees of free-
dom. Movement of each transducer is by various motor
and geared drive arrangements wherein certain degrees
of freedom for one transducer are separate and inde-
pendent from the degrees of freedom for the other trans-
ducer. Atleastone degree of freedom for each transducer
is common and the transducers are moved concurrently.
One arrangement of the transducer combination is for
prostate treatment and includes a specific shape and
configuration for anatomical considerations and a control
unit which is operable external to the patient to control
both transducers and a reflective scanner which are in-
serted into the patient as part of the ultrasound probe.
[0008] Up until the 1980s, there was dramatic growth
in the creation of new surgical methods for treating a wide
variety of previously untreated conditions. Over the past
twenty years there has been a clear trend towards the
invention of devices and methods that enable less-inva-
sive treatment of such diseases, moving from invasive
surgery, and then to less-invasive surgery, and to inter-
ventional techniques. Ultimately, it is desirable to move
to totally non-invasive therapies.

[0009] The history of treatment of atrial fibrillation has
followed this progression. First, Dr. James Cox invented
a new open-heart surgical procedure that interrupted de-
polarization waves using surgical incisions in the walls
of the atrium. More recently, a number of devices have
been developed to allow surgeons to make such lesions
during surgery on the beating heart, and without making
incisions in the walls of the atrium. More recently, inter-
ventional electrophysiologists have worked with compa-
nies to develop catheter-based systems to create similar
lesions. Although only partial success has been achieved
to date, there is optimism for further progress within the
next few years.

[0010] Itwould be still more desirable to develop meth-
ods of treating atrial fibrillation which were still less inva-
sive, eliminating even the need for catheters.

[0011] Awide variety of energy modes have been used
to create lesions using epicardial or intracardiac probes.
Radio-frequency electrical energy, microwaves, cryo-
thermia probes, alcohol injection, laser light, and ultra-
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sound energy are just a few of the technologies that have
been pursued.

[0012] Separately, several groups have developed fo-
cused ultrasound devices with both imaging and thera-
peutic capabilities. These efforts began perhaps with
lithotripsy, in which a high power focused ultrasound sys-
tem developed by Dornier Medizintechnik, Germany, is
used to break up kidney stones in the body. The kidney
stones are located within the body at a significant depth
from the skin. One ultrasound imaging system is used to
aim the system at the kidney stones, and then a second,
high energy ultrasound system delivers energy that
breaks up the stones so they can be passed.

[0013] More recently, Therus Corp of Seattle has de-
veloped a system to seal blood vessels after the vessels
have been punctured to insert sheaths and catheters.
The Therus system shrinks and seals femoral artery
punctures at a depth of approximately 5 cm.

[0014] In addition, Timi-3 Systems, Inc. has developed
and is testing a trans-thoracic ultrasound energy delivery
system to accelerate the thrombolysis process for pa-
tients suffering an acute myocardial infarction. This sys-
tem delivers energy atafrequency intended to accelerate
thrombolysis without damaging the myocardium or vas-
culature of the heart.

[0015] Epicor Medical, Inc. of Sunnyvale, CA, has de-
veloped a localized high intensity focused ultrasound
("HIFU") device to create lesions in the atrial walls. The
Epicor device is a hand-held intraoperative surgical de-
vice, and is configured to be held directly against the
epicardium or outside wall of the heart. When energized,
the device creates full-thickness lesions through the atrial
wall of the heart, and has demonstrated that ultrasound
energy may be safely and effectively used to create atrial
lesions, despite presence of blood flow past the interior
wall of the atrium.

[0016] Inaddition, Transurgical, Inc., Setauket, NY has
been actively developing HIFU devices. However, while
the Epicor Medical devices are placed in close approxi-
mation against the outside of the heart, the Transurgical
devices are directed to intravascular catheters for ablat-
ing tissue in the heart by bringing the catheter into close
approximation with the targeted tissue.

[0017] In view of the aforementioned limitations, it
would be desirable to provide methods and apparatus
for treating atrial fibrillation and other conduction defects
by ablating tissue at a distance from that tissue, so that
the procedure may be performed non-invasively.
[0018] It also would be desirable to provide methods
and apparatus for treating atrial fibrillation by applying
energy from outside the body or from organs, such as
the esophagus, that are easily accessible via natural
body openings.

Summary of the Invention

[0019] In view of the foregoing, it is an object of a dis-
closed example to provide methods and apparatus for
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treating atrial fibrillation and other conduction defects by
ablating tissue at a distance from that tissue, so that the
procedure may be performed noninvasively.

[0020] It is another object of a disclosed example to
provide methods and apparatus for treating cardiac dys-
function by applying energy from outside the body or from
neighboring organs, such as the esophagus, that are
easily accessible.

[0021] These and other objects of the disclosed exam-
ple(s) are accomplished by providing methods and ap-
paratus that enable a physician to image tissue within
the body that is to be ablated, and then to ablate that
tissue using a completely or relatively non-invasive pro-
cedure, and with little or no anesthesia.

[0022] According to an aspect of the present invention
there is provided an apparatus for intraluminally treating
atrial fibrillation according to the appended claims.
[0023] Advantageously, the apparatus of the present
invention is expected to be cost-effective and to perform
time efficient compared to the previously-known surgical
and interventional procedures.

Brief Description of the Drawings

[0024] The above and other objects and advantages
of the present invention will be apparent upon consider-
ation of the following detailed description, taken in con-
junction with the accompanying drawings, in which like
reference characters refer to like parts throughout, and
in which:

FIG. 1 is a schematic view of an illustrative imaging
and treatment ultrasound sound system according
to a disclosed example;

FIG. 2 is a schematic view of an illustrative display
of the imaging and treatment ultrasound sound sys-
tem;

FIG. 3 is a schematic view showing the imaging and
treatment ultrasound sound system of FIG. 1 dis-
posed adjacent to a cross-section of a patient’s
thorax ; and

FIG. 4 is a schematic view of the distal region of a
catheter-based high intensity focused ultrasound ar-
ray according to the invention.

Detailed Description of the Invention

[0025] The present disclosure is directed to methods
and apparatus for creating lesions in the walls of the heart
in a completely non-invasive manner using high intensity
focused ultrasound (HIFU). Previously-known HIFU sys-
tems, such as those being developed by Epicor Medical
or Transurgical, require close approximation of the HIFU
device to the target tissue. The methods and apparatus
of the presentdisclosure overcome this drawback by pro-
viding a system that enables the creation of lesions in
the heart wall from a greater distance.

[0026] Referring to FIG. 1, an apparatus constructed
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in accordance with a disclosed example is described.
System 10 comprises head 11 housing ultrasound imag-
ing system 12 and high intensity focused ultrasound en-
ergy ("HIFU") system 14. Ultrasound imaging system 12
and HIFU system 14 may have in common all or just a
subset of the transducers and related components, op-
erating in different modes to image or ablate. Head 11 is
mounted on arm 13 that permits the head to be positioned
in contact with a patient (not shown) lying on table 15.
Head 11 may also be a handheld unit, not needing an
arm 13 to support or position it. System 10 includes con-
troller 16 that controls operation of imaging system 12
and HIFU system 14. Monitor 18 displays images output
by imaging system 12 that allows the clinician to identify
the desired locations on the walls of the heart to be treat-
ed.

[0027] Controller 16 and monitor 18 also are pro-
grammed to indicate the focus of the HIFU energy relative
to the image of the tissue cross-section. FIG. 2 is illus-
trative screen display 19 of monitor 18 showing the out-
line T of the tissue, as imaged by imaging system 12,
and a marker corresponding to the location of focal point
F of HIFU system 14.

[0028] When activated, the HIFU system delivers ab-
lative energy to the specific location shown on monitor
18 (focal point F in FIG. 2), thus enabling safe creation
of transmural lesions. Because the HIFU system is con-
figured to deliver energy from a number of sources fo-
cused towards the target tissue area, intervening tissue
is subjected to only a fraction of the energy deposited in
the target tissue receives, and thus the intervening tissue
is not significantly heated or ablated.

[0029] Still referring to FIG. 1, ultrasound imaging sys-
tem 12 may be similar in design to previously-known
trans-thoracic ultrasound imaging systems, and are per
se known. High intensity focused ultrasound system 14
may comprise one or more HIFU generators 20 con-
structed as described in U. S. Patent Application No.
US20010031922A1.

As mentioned before, imaging system 12 and HIFU sys-
tem 14 may also use the same elements. Preferably,
each HIFU generator 20 is the same as or is disposed
approximately inthe same plane as the imaging elements
of ultrasound imaging system 12, so that the focus of
HIFU system 14 occurs in the plane of the target tissue
imaged by ultrasound imaging system 12. In addition,
this arrangement advantageously ensures that the HIFU
energy will reach the target.

[0030] In a preferred disclosed example, HIFU gener-
ators 20 deliver energy at a frequency optimized for cre-
ating lesions in myocardium, to thereby interrupt conduc-
tion pathways through the tissue without reducing the
strength of the tissue. Once the lesions are created, a
gradual healing process is begun in which the lesions
fibrose, but do not fall apart or regain the ability to conduct
electrical impulses.

[0031] While it may be possible to image and ablate
simultaneously, it is possible that the output of HIFU sys-
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tem 14 may block the ability to image the tissue using
ultrasound imaging system 12. Accordingly, controller 16
may be programmed to time-gate operation of imaging
system 12 and HIFU system 14, so that the tissue is
alternately imaged and ablated at a frequency of several
times per second.

[0032] Inorderto create linear lesions in the wall of the
atria of the heart, it may be desirable to slowly move the
focus of the HIFU system along the wall of the atrium
during the ablation process. While this may be accom-
plished by manually moving the HIFU system, for exam-
ple, for treating relatively short lesions that encircle each
or all of the pulmonary veins. Controller 16 may include
suitable programming and joystick 22, or other input de-
vice, for refocusing the focal point of HIFU system 14
along a desired trajectory.

Referring now to FIG. 3, a further alternative for using
HIFU system to create linear lesions is described. In the
system shown in FIG. 3 the focus of the HIFU system is
fixed at a certain point within the field of the ultrasound
image. For example, the ultrasound image might show
a picture of rectangular planar cross-section of tissue ap-
proximately 80 mm wide and 160 mm deep, with a fixed
focus of the HIFU energy at a depth of 130 mm in the
center of the field.

[0033] In operation, the clinician manually moves the
probe until the desired tissue is in the target area, and
then fires the HIFU system to ablate the tissue. With such
a system the depth of maximal ablation is 130 mm below
the skin. In order to ablate tissue located less than 130
mm below the skin and still retain a continuous fluid path
from the probe to the target, the HIFU system includes
fluid-filled balloon 24 that covers the face of the probe.
Balloon 24 preferably is filled with water and enables the
clinician to reposition the probe at a variable distance
from the skin. Balloon 24 also permits the clinician to
position the probe at any desired angle to target tissue
not aligned directly under the focal point of HIFU system
14. Alternatively, the patient could sit in a tub of water,
so the patient’s chest and the probe were both underwa-
ter, again ensuring a continuous fluid path.

[0034] As a further alternative, controller 16 may be
programmed so that the depth of the focal point of the
HIFU system is depth-adjustable relative to the imaged
tissue. Advantageously, the depth of the targeted tissue
could then be adjusted relative to the imaged field, so a
smaller fluid-filled balloon, or no balloon, is used to main-
tain fluid contact while adjusting the angle of the imaged
section or make minor changes in the depth of the tar-
geted tissue. WIPO Patent Publication No.
WO/0145550A2 to Therus describes several ways to ad-
just the depth of the focused energy by changing the
radius of curvature of one or more of the ultrasound gen-
erators.

Alternatively, the direction of several focused energy
generators of relatively fixed focal length could be shifted
relative to one another to move the focal point.

[0035] In accordance with a disclosed example, fo-
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cused energy is applied from outside the patient’s body.
Because ultrasound energy does not travel coherently
through non-fluid filled tissue, such as the lungs, posi-
tioning of the ultrasound imaging system and HIFU sys-
tem at certain angles may be more advantageous for
treatment of specific areas of the heart. For example, the
posterior wall of the left atrium is a particularly important
treatment area for treating atrial fibrillation; it is also a
peculiarly difficult area to image with trans-thoracic ultra-
sound.

[0036] Accordingly, it may be desirable to locate the
imaging system and HIFU system on a movable arm or
to position it by hand so as to permit other external ap-
proaches, such as from below the diaphragm on the left
anterior side of the body, so the ultrasound has a coher-
ent path through the diaphragm and apex and ventricles
of the heart to the atria. Application of the probe to a
patient’'s back also may provide a coherent path to the
posterior wall of the patient’s left atrium.

[0037] It is expected that the system and methods of
the disclosed example also may be useful for treating a
number of cardiac dysfunctions. Apart from treatment of
atrial fibrillation, the methods and apparatus also may be
used to treat other electrophysiologic defects of the heart,
or to create lesions for other purposes. For example, if
transmyocardial revascularization (TMR) is believed to
have a positive effect on damaged ventricles by causing
focal areas of damage and healing, such lesions may be
created non-invasively using the methods and system of
the disclosed example.

[0038] As another example, localized tissue damage
and the consequent healing process may cause the sep-
tum primum and septum secundum of a patent foramen
ovale (PFO) to heal together, closing the PFO. If the sys-
tem and methods are effective in closing PFO even a
small percentage of the time, the non-invasive nature of
the procedure might have it the first choice for use an
initial therapy in most cases.

[0039] In addition, the HIFU system described herein-
above also may be used to repair diseased heart valves,
by shrinking tissue in certain areas. For example, specific
areas of elongated chordae of a mitral valve leaflet may
be shortened by heating using the external HIFU.
[0040] While in the preferred disclosed example de-
scribed hereinabove energy is delivered from outside the
body, situations may arise where it is difficult to deliver
the energy to locations deep inside the body or locations
adjacent to the lungs or other non-ultrasound-conductive
tissue.

[0041] Referring now to FIG. 4, methods and appara-
tus are provided for positioning a probe inside the body
and closer to the targeted tissue, but still not necessarily
adjacent to it. Intraluminal probe 30 is configured to de-
liver HIFU energy to the heart from the esophagus, from
the aorta, or from the great veins of the heart such as the
inferior vena cava, superior vena cava, or the right atrium
itself.

[0042] This approach is fundamentally different from
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previously-known methods of performing ablation during
surgical procedures using epicardial probes or during in-
terventional procedures using intracardiac ablation cath-
eters. These previously-known devices are designed to
be in direct contact or at least very close proximity (e. g. ,
within 5 mm) of the target tissue, and are not designed
to avoid ablation of intervening tissue between the probe
and the target tissue.

[0043] In addition, previously-known devices are ca-
pable of making only a single lesion from a given position,
rather than forming a number of lesions at a distance
from a device from a single location. Making multiple le-
sions from a single catheter position advantageously may
save time and reduce the cost of the procedure. For ex-
ample, approximating a surgical maze procedure using
previously-known intracardiac catheters typically takes
from four to eight hours, and subject both the patient and
physician to high levels of radiation from the fluoroscope.
By contrast, a device constructed in accordance with the
principles of the present invention, under ultrasound im-
aging guidance, could create multiple lesions while dis-
posed at a single position in the esophagus, aorta, or
great veins or right atrium.

[0044] Still referring to FIG. 4, intraluminal catheter 30
is designed to image and deliver HIFU energy from body
lumens such as the esophagus, aorta, and great veins.
Catheter 30 preferably has a diameter in a range of 5 to
10 mm for vascular devices, and a diameter in a range
of 5 to 20 mm for an esophageal device. Imaging ele-
ments 32 and HIFU elements 34 are arranged linearly
along the longitudinal axis of the catheter.

[0045] The linear nature of the imaging element and
HIFU element array may impose limitations on the ability
to reposition the device. While translation and rotation of
the catheter may be relatively easy, it is contemplated
that it may be difficult to move the device very far to one
side or another within a relatively small-diameter body
lumen.

[0046] Accordingly, intraluminal catheter 30 preferably
is configured to adjust the focal point of the HIFU system
with respect to both longitudinal position and depth. This
may be accomplished by programming the controller
used with intraluminal catheter 30 to adjust the focal point
of the HIFU system, as described above.

Alternatively, refocusing of the array of HIFU elements
may be achieved by locating individual HIFU elements
on independently steerable actuators 36. Actuators 36
are controlled by the system controller and permit the
clinician to move the focal point of the HIFU array to any
desired point in the field of view of the imaging system.
[0047] Methods of using intraluminal catheter 30 to
perform ablation from the esophagus to treat atrial fibril-
lation are described. The esophagus is separated from
the center of the posterior left atrial wall only by the ob-
lique pericardial sinus, so a linear vertical lesion may be
easily made in the center of the posterior left atrial wall
using a probe capable of delivering energy at a distance
of approximately 5-10 mm.
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[0048] Such methods are believed to offer substantial
advantages with respect to ease of use, and may be ef-
fective in treating a high percentage of atrial fibrillation
patients. These methods also may obviate the need to
contract significant areas of the posterior wall of the left
atrium, as typically happens when broad encircling le-
sions are made around the pulmonary veins.

[0049] Inaccordance with this aspect, one or more ver-
tical ablation lines are formed in the posterior wall of the
left atrium using intraluminal catheter 30 disposed within
the esophagus. It is expected that formation of straight
ablation lines vertically in the posterior wall of the atrium,
under ultrasound imaging guidance from the esophagus,
may also be easier than making encircling ablation lines
around the pulmonary veins.

[0050] The foregoing methods of creating lesions are
consistent with the underlying concept of the maze pro-
cedure as invented by Dr. James Cox in the early 1990s.
His research in mapping the depolarization waves in pa-
tients with atrial fibrillation showed that dysfunction arose
from waves recirculating around the atria. This recircu-
lation is enabled by slightly damaged tissue, which slows
the progress of the depolarization wave, and enlarge-
ment of the atria due to damage, valve dysfunction, or
congestive heart failure.

[0051] The maze concept relies on the creation of nu-
merous dead-end pathways in the atria, so the depolari-
zation wave reaches all of the atrial walls, but cannot
recirculate. A series of vertical ablation lines in the pos-
terior wall of the left atrium, extending from the atrioven-
tricular groove up to above the superior pulmonary veins
would accomplish exactly this goal.

[0052] Preferably, the ablation lines extend all the way
down to the atrioventricular groove. This allows the de-
polarization wave to reach that tissue from the dome of
the left atrium (the more cranial and anterior surface) but
not to progress back to the rest of the atrial wall along
the atrioventricular groove.

[0053] As described above, intraluminal catheter 30
preferably is configured, either mechanically or by suit-
able software algorithms, to move its focal point longitu-
dinally to enable a continuous linear ablation without
moving the device. Alternatively, the HIFU array of the
catheter may be configured to create a linear ablation,
or have a fixed-focus so that a linear ablation may be
created by translating the HIFU array within the esopha-
gus.

[0054] Further, additional lesions may be made closer
to the left and right pulmonary veins. More preferably,
lesions could be made on the opposite sides of the left
and right pulmonary veins, i.e., to the left of the left pul-
monary veins and to the right of the right pulmonary veins.
Alternatively, and depending onthe geometry of the HIFU
probe, it may be more desirable to make encircling le-
sions in the left and right pulmonary veins using the same
vertical motion.

[0055] In addition, it may be beneficial to cool tissue
surrounding the HIFU array of intraluminal catheter 30,
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to further reduce the risk of damage to the esophagus.
Intraluminal catheter 30 may therefore include a water
jacket that circulates fluid around the HIFU array to pre-
vent any heat generated by the array or ultrasound en-
ergy absorbed by the esophagus from causing any tissue
damage.

[0056] The methods and apparatus also may be ben-
eficially applied to other applications besides cardiac dys-
function. For example, the apparatus of the present in-
vention may be used, disposed in small body lumens,
nearly anywhere a radiofrequency ablation probe is cur-
rently being used to ablate or shrink tissue. Such treat-
ments include treating the prostate from the urethra, tight-
ening up the bladder neck frominside the vagina, ablating
fibroid masses from inside the uterus, tightening up the
tissue in the area of the gastroesophageal junction, and
SO on.

Likewise, the external device described with respect to
FIG. 1 may be beneficially used to ablate tumors almost
anywhere in the body that is accessible to focused ultra-
sound.

[0057] Although preferred illustrative embodiments of
the present invention are described above, it will be ev-
ident to one skilled in the art that various changes and
modifications may be made without departing from the
invention.

Claims

1. Apparatus for intraluminally treating atrial fibrillation,
the apparatus comprising:

a catheter (30) configured to deliver high inten-
sity focused ultrasound (HIFU) energy to the
heart from a position in the esophagus, from the
aorta, or from the great veins of the heart such
as the inferior vena cava, superior cava or the
right atrium itself;

an ultrasound imaging system (12) disposed at
a distal portion within the catheter (30);

a high intensity focused ultrasound (HIFU) sys-
tem (14) disposed within the catheter (30) in
alignment with the ultrasound imaging system
(12), said high intensity focused ultrasound (HI-
FU) system (14) including a linear array of high
intensity focused ultrasound (HIFU) elements
(34) located on independently steerable actua-
tors (36) configured to create multiple lesions
from a single said position, wherein the linear
array of high intensity focused ultrasound (HI-
FU) elements (34) is arranged along a longitu-
dinal axis of the catheter; and

a controller (16) operably connected to the ul-
trasound imaging system (12) and high intensity
focused ultrasound (HIFU) system (14) to con-
trol said steerable actuators (36), with said con-
troller (16) programmable to adjust the focal
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point of the high intensity focused ultrasound
(HIFU) system (14) to any point in the field of
view of said imaging system (12) to create said
lesions in a target tissue by delivering energy
from a number of high intensity focused ultra-
sound (HIFU) elements (34) without significantly
heating or ablating intervening tissue.

The apparatus of claim 1, wherein the catheter (30)
is suitable for location in the esophagus and has a
diameter in the range of 5 mm to 20 mm.

The apparatus of claim 1, wherein the catheter (30)
is configured for intraluminal vascular positioning
and has a diameter in the range of 5 mm to 10 mm.

The apparatus of claim 1, 2, or 3, wherein the ultra-
sound imaging system (12) and the high intensity
focused ultrasound (HIFU) system (14) comprise
common components or common transducers.

The apparatus of claim 1, 2, 3, or 4, wherein the
controller (16) is programmed to display a marker
corresponding to a focal point of the high intensity
focused ultrasound (HIFU) system (14).

The apparatus of claim 5, wherein the controller (16)
is programmed to adjust a location of the focal point
of the high intensity focused ultrasound (HIFU) sys-
tem (14) within a two-dimensional plane orthogonal
to an axis of the high intensity focused ultrasound
(HIFU) system (14).

The apparatus of claim 5, wherein the controller (16)
is programmed to adjust a location of a depth of the
focal point of the high intensity focused ultrasound
(HIFU) system (14).

The apparatus of any of claims 1 to 7, wherein the
highintensity focused ultrasound (HIFU) system (14)
is configured to focus along a linear ablation target
in the atrial wall.

The apparatus of claim 8, wherein the controller (16)
is programmed to adjust the focal point of the high
intensity focused ultrasound (HIFU) system (14) with
respect to both longitudinal position and depth.

The apparatus of claim 9, wherein the controller (16)
is further programmed to control the high intensity
focused ultrasound (HIFU) system (14) to make a
linear vertical lesion in the center of the posterior left
atrial wall from a position in the esophagus.

The apparatus of claim 10, wherein the controller
(16) is programmed to control the high intensity fo-
cused ultrasound (HIFU) system (14) to form plural
vertical ablation lines in the posterior wall of the left
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atrium.

The apparatus of any of claims 1 to 8, further com-
prising a water jacket circulating fluid around the high
intensity focused ultrasound (HIFU) array to prevent
any heat generated by the high intensity focused ul-
trasound (HIFU) array from causing any tissue dam-
age.

The apparatus of claim 12, wherein the circulated
fluid prevents ultrasound energy absorbed by the es-
ophagus, the aorta, or the great veins of the heart
such as the inferior vena cava, superior cava or the
right atrium itself from causing any tissue damage.

The apparatus of any preceding claim, wherein the
high intensity focused ultrasound (HIFU) system (14)
is adapted to deliver ablative energy to a specific
location to create transmural lesions.

Patentanspriiche

1.

Gerat fur die intraluminale Behandlung von Vorhof-
fimmern, wobei das Gerat aufweist:

einen Katheter (30), der ausgebildet ist, um dem
Herzen eine hochintensive, fokussierte Ultra-
schallenergie (HIFU-Energie) von einer Position
in der Speiserdhre, von der Aorta oder von den
groRen Venen des Herzens aus zuzufiihren, wie
beispielsweise der inferioren Vena cava, der
Cava superioroderder rechten Herzvorkammer
selbst;

ein Ultraschallabbildungssystem (12), das in ei-
nem distalen Abschnitt innerhalb des Katheters
(30) angeordnet ist;

ein hochintensives, fokussiertes Ultraschallsys-
tem (HIFU-System) (14), das innerhalb des Ka-
theters (30) in Ausrichtung mit dem Ultraschall-
abbildungssystem (12) angeordnet ist, wobei
das hochintensive, fokussierte Ultraschallsys-
tem (HIFU-System) (14) eine lineare Anordnung
von hochintensiven, fokussierten Ultraschalle-
lementen (HIFU-Elementen) (34) umfasst, die
an unabhangig steuerbaren Betatigungsele-
menten (36) angeordnet sind, die ausgebildet
sind, um mehrfache Verletzungen von einer ein-
zelnen Position aus zu bewirken, wobei die li-
neare Anordnung der hochintensiven, fokus-
sierten Ultraschallelemente (HIFU-Elemente)
(34) entlang einer Langsachse des Katheters
angeordnet ist; und

einen Regler (16), der funktionell mit dem Ultra-
schallabbildungssystem (12) und dem hochin-
tensiven, fokussierten Ultraschallsystem (HIFU-
System) (14) verbunden ist, um die steuerbaren
Betatigungselemente (36) zu steuern, wobei der
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Regler (16) programmierbar ist, um den Fokus
des hochintensiven, fokussierten Ultraschall-
systems (HIFU-Systems) (14) auf einen belie-
bigen Punkt im Sichtfeld des Abbildungssys-
tems (12) einzustellen, um die Verletzungen in
einem Zielgewebe zu bewirken, indem Energie
von einer Anzahl von hochintensiven, fokussier-
ten Ultraschallelementen (HIFU-Elementen)
(34) ohne bedeutende Erwarmung oder opera-
tive Entfernung von dazwischenliegendem Ge-
webe zugeflhrt wird.

Gerat nach Anspruch 1, bei dem der Katheter (30)
fur eine Anordnung in der Speiserdhre geeignet ist
und einen Durchmesser im Bereich von 5 mm bis 20
mm aufweist.

Geréat nach Anspruch 1, bei dem der Katheter (30)
fur eine intraluminale vaskulare Positionierung aus-
gebildet ist und einen Durchmesser im Bereich von
5 mm bis 10 mm aufweist.

Gerat nach Anspruch 1, 2 oder 3, bei dem das Ul-
traschallabbildungssystem (12) und das hochinten-
sive, fokussierte Ultraschallsystem (HIFU-System)
(14) gemeinsame Bauteile oder gemeinsame Wand-
ler aufweisen.

Gerat nach Anspruch 1, 2, 3 oder 4, bei dem der
Regler (16) programmiert ist, um eine Markierung
entsprechend einem Fokus des hochintensiven, fo-
kussierten Ultraschallsystems (HIFU-Systems) (14)
anzuzeigen.

Gerat nach Anspruch 5, bei dem Regler (16) pro-
grammiert ist, um eine Stelle des Fokus des hoch-
intensiven, fokussierten Ultraschallsystems (HIFU-
Systems) (14) innerhalb einer zweidimensionalen
Ebene einzustellen, die orthogonal zu einer Achse
des hochintensiven, fokussierten Ultraschallsys-
tems (HIFU-Systems) (14) ist.

Geratnach Anspruch 5, bei dem der Regler (16) pro-
grammiert ist, um eine Stelle einer Tiefe des Fokus
des hochintensiven, fokussierten Ultraschallsys-
tems (HIFU-Systems) (14) einzustellen.

Gerat nach einem der Anspriiche 1 bis 7, bei dem
das hochintensive, fokussierte Ultraschallsystem
(HIFU-System) (14) ausgebildet ist, um l&ngs eines
linearen Ablationsziels in der Vorhofwand zu fokus-
sieren.

Geratnach Anspruch 8, bei dem der Regler (16) pro-
grammiert ist, um den Fokus des hochintensiven,
fokussierten Ultraschallsystems (HIFU-Systems)
(14) mit Bezugnahme auf sowohl die Langsposition
als auch die Tiefe einzustellen.
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Gerat nach Anspruch 9, bei dem der Regler (16) au-
Rerdem programmiert ist, um das hochintensive, fo-
kussierte Ultraschallsystem (HIFU-System) (14) zu
steuern, um eine lineare vertikale Verletzung in der
Mitte der posterioren linken Vorhofwand von einer
Position in der Speiserdhre aus zu bewirken.

Gerat nach Anspruch 10, bei dem der Regler (16)
programmiert ist, um das hochintensive, fokussierte
Ultraschallsystem (HIFU-System) (14) zu steuern,
um mehrere vertikale Ablationslinien in der posteri-
oren Wand der linken Herzvorkammer zu bilden.

Gerat nach einem der Anspriiche 1 bis 8, das au-
Berdem einen Wassermantel aufweist, der Fluid um
die hochintensive, fokussierte Ultraschallanordnung
(HIFU-Anordnung) zirkulieren lasst, um zu verhin-
dern, dass jegliche Warme, die durch die hochinten-
sive, fokussierte Ultraschallanordnung (HIFU-An-
ordnung) erzeugt wird, eine Gewebebeschadigung
hervorruft.

Gerat nach Anspruch 12, bei dem das zirkulierende
Fluid verhindert, dass Ultraschallenergie, die von der
Speiserdhre, der Aorta oder den grof3en Venen des
Herzens absorbiert wird, wie beispielsweise der in-
ferioren Vena cava, der Cava superior oder der rech-
ten Herzvorkammer selbst, eine Gewebebeschadi-
gung hervorruft.

Gerat nach einem der vorhergehenden Anspriiche,
bei dem das hochintensive, fokussierte Ultraschall-
system (HIFU-System) (14) ausgebildet ist, um eine
ablative Energie einer spezifischen Stelle zuzuflih-
ren, um transmurale Verletzungen zu bewirken.

Revendications

1.

Appareil permettant de traiter de maniére intralumi-
nale une fibrillation auriculaire, I'appareil
comprenant :

un cathéter (30) configuré pour fournir une éner-
gie d’ultrasons focalisés de haute intensité (HI-
FU) au coeur a partir d'un emplacement situé
dans I'oesophage, a partir de I'aorte, ou a partir
des grandes veines du coeur telles que la veine
cave inférieure, la veine cave supérieure ou de
oreillette droite proprement dite ;

un systéme d’'imagerie par ultrasons (12) agen-
cé au niveau d’une partie distale au sein du ca-
théter (30) ;

un systeme (14) a ultrasons focalisés de haute
intensité (HIFU) agencé au sein du cathéter (30)
en alignement avec le systeme d’'imagerie par
ultrasons (12), ledit systeme (14) a ultrasons fo-
calisés de haute intensité (HIFU) comprenant
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un réseau linéaire d’éléments (34) a ultrasons
focalisés de haute intensité (HIFU) situés sur
des actionneurs (36), orientables de maniere in-
dépendante, configurés pour créer des lésions
multiples a partir d’'un emplacement unique,
dans lequel le réseau linéaire d’éléments (34) a
ultrasons focalisés de haute intensité (HIFU) est
agencé le long dun axe longitudinal du
cathéter ; et

undispositif de commande (16) raccordé de ma-
niére fonctionnelle au systéeme d’'imagerie par
ultrasons (12) et au systeme (14) a ultrasons
focalisés de haute intensité (HIFU) afin de com-
mander lesdits actionneurs (36) orientables, le-
dit dispositif de commande (16) pouvant étre
programmeé pour ajuster le point focal du syste-
me (14) a ultrasons focalisés de haute intensité
(HIFU) sur un point quelconque du champ de
vision dudit systéeme d’imagerie (12) afin de
créerlesdites Iésions dans un tissu cible en four-
nissant de I'énergie a partir d’un certain nombre
d’éléments (34) a ultrasons focalisés de haute
intensité (HIFU) sans chauffage ou ablation si-
gnificative de tissus interposeés.

Appareil selon la revendication 1, dans lequel le ca-
théter (30) convient pour un emplacementsitué dans
'oesophage et présente un diameétre dans la plage
de 5 mm a 20 mm.

Appareil selon la revendication 1, dans lequel le ca-
théter (30) est configuré pour un positionnement vas-
culaire intraluminal et présente un diameétre dans la
plage de 5 mm a 10mm.

Appareil selon larevendication 1, 2 ou 3, dans lequel
le systéme d’imagerie par ultrasons (12) et le syste-
me (14) a ultrasons focalisés de haute intensité (HI-
FU) comprennentdes composants communs ou des
transducteurs communs.

Appareil selon la revendication 1, 2, 3, ou 4, dans
lequel le dispositif de commande (16) est program-
mé pour afficher un repére correspondant a un point
focal du systéme (14) a ultrasons focalisés de haute
intensité (HIFU).

Appareil selon la revendication 5, dans lequel le dis-
positif de commande (16) est programmé pour ajus-
ter un emplacement du point focal du systeme (14)
a ultrasons focalisés de haute intensité (HIFU) au
seind’un plan bidimensionnel orthogonal par rapport
a un axe du systéme (14) a ultrasons focalisés de
haute intensité (HIFU).

Appareil selon la revendication 5, dans lequel le dis-
positif de commande (16) est programmé pour ajus-
ter un emplacement d’une profondeur du point focal
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du systeme (14) a ultrasons focalisés de haute in-
tensité (HIFU).

Appareil selon 'une quelconque des revendications
1 a7, dans lequel le systéme (14) a ultrasons foca-
lisés de haute intensité (HIFU) est configuré pour se
focaliser le long d’'une cible d’ablation linéaire dans
la paroi auriculaire.

Appareil selon larevendication 8, dans lequel le dis-
positif de commande (16) est programmé pour ajus-
ter le point focal du systéme (14) a ultrasons focali-
sés de haute intensité (HIFU) par rapport a la fois a
la position longitudinale et a la profondeur.

Appareil selon larevendication 9, dans lequel le dis-
positif de commande (16) est en outre programmé
pour commander le systeme (14) a ultrasons foca-
lisés de haute intensité (HIFU) afin de créer une |é-
sion verticale linéaire au centre de la paroi auriculaire
postérieure gauche a partir d’'un emplacement situé
dans 'oesophage.

Appareil selon la revendication 10, dans lequel le
dispositif de commande (16) est programmé pour
commander le systéeme (14) a ultrasons focalisés de
haute intensité (HIFU) afin de former plusieurs lignes
d’ablation verticales dans la paroi postérieure de
I'oreillette gauche.

Appareil selon I'une quelconque des revendications
1 a 8, comprenant en outre une chemise d’eau fai-
sant circuler un fluide autour du réseau d’ultrasons
focalisés de haute intensité (HIFU) afin d’empécher
toute chaleur générée par le réseau d'ultrasons fo-
calisés de haute intensité (HIFU) de provoquer un
quelconque dommage tissulaire.

Appareil selon la revendication 12, dans lequel le
fluide en circulation empéche I'énergie ultrasonore
absorbée par I'oesophage, l'aorte, ou les grandes
veines du coeur telles que la veine cave inférieure,
la veine cave supérieure ou l'oreillette droite propre-
ment dite de provoquer un quelconque dommage
tissulaire.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel le systéme (14) a ultrasons
focalisés de haute intensité (HIFU) est congu pour
fournir une énergie d’ablation vers un emplacement
spécifique afin de créer des Iésions transmurales.
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