Office de la Propriete Canadian CA 2578963 A1 2006/03/16

Intellectuelle Intellectual Property
du Canada Office (21) 2 578 963
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2005/08/31 (51) ClLInt./Int.Cl. A678 6/72(2006.01)

(87) Date publication PCT/PCT Publication Date: 2006/03/16 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 200//03/01 MEDTRONIC, INC., US
(86) N° demande PCT/PCT Application No.: US 2005/030991| (72 g‘;zf,‘ﬂ‘f&'ggl‘;eg% -
(87) N° publication PCT/PCT Publication No.: 2006/028855

o o (74) Agent: SMART & BIGGAR
(30) Priorité/Priority: 2004/09/02 (US10/932,487)

(54) Titre : METHODE ET SYSTEME DE TRAITEMENT DE LA FIBRILLATION AURICULAIRE ET D'AUTRES

ARYTHMIES CARDIAQUES
54) Title: METHOD AND SYSTEM FOR TREATMENT OF ATRIAL FIBRILLATION AND OTHER CARDIAC

ARRHYTHMIAS

s s

(57) Abréegée/Abstract:
A method Is provided for treatment of a heart arrhythmia such as atrial fibrillation that includes obtaining cardiac image data using a

digital Imaging system, generating a 3D model of a cardiac chamber and surrounding structures from such cardiac image data,
registering the 3D model with an Interventional system, visualizing this registered 3D model on the Interventional system,
positioning a catheter apparatus within the cardiac chamber, visualizing the catheter apparatus over the registered 3D model of the
cardiac chamber upon the interventional system, navigating the catheter apparatus within the cardiac chamber utilizing this
registered 3D model, and delivering biological material through the catheter apparatus to heart tissue at select locations within the
cardiac chamber. Preferably, the biological material are transplanted cells or antibodies. In another aspect of the invention, a
system for treatment of heart arrhythnmias Is provided that has a digital imaging system to obtain cardiac image data, an image
generation system to generate a 3D model of a cardiac chamber and its surrounding structures from this cardiac image data, a
workstation to register the 3D model onto an interventional system so that the registered 3D model can be visualized upon the
Interventional system, and a catheter apparatus to deliver biological material such as transplanted cells or antibodies to heart tissue
within this cardiac chamber at certain select locations, the catheter apparatus being visualized upon the interventional system over

the registered 3D model.

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
S
N

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




6/028855 A1 010000 D D001 A AR A

CA 02578963 2007-03-01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [~
International Bureau X

(43) International Publication Date
16 March 2006 (16.03.2006)

(51) International Patent Classification:
AG6IB 6/12 (2006.01)

(21) International Application Number:
PCT/US2005/030991

(22) International Filing Date: 31 August 2005 (31.08.2005)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
10/932.,487 2 September 2004 (02.09.2004) US

(71) Applicant (for all designated States except US):
MEDTRONIC, INC. [US/US]; MS LC340, 710
Medtronic Parkway, Minneapolis, Minnesota 55432

(US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): SRA, Jasbir, S.
|US/US]; St. Lukes Physician Office Building, 801 West

(74)

(81)

(84)

(10) International Publication Number

WO 2006/028855 Al

Kinnickinnic River Parkway, Suite 777, Milwaukee,
Wisconsin 53215 (US).

Agents: SOLDNER, Michael et al.; MS LC340, 710
Medtronic Parkway, Minneapolis, Minnesota 55432 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ., NA, NG, NI, NO, NZ.,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: METHOD AND SYSTEM FOR TREATMENT OF ATRIAL FIBRILLATION AND OTHER CARDIAC ARRHYTH-

MIAS

(57) Abstract: A method is provided
20 for treatment of a heart arrhythmia
such as atrial fibrillation that includes
obtaining cardiac image data using a
digital imaging system, generating a
3D model of a cardiac chamber and
surrounding structures from such
cardiac image data, registering the
3D model with an interventional
system, visualizing this registered
3D model on the interventional
system,  positioning a catheter
apparatus within the cardiac chamber,
visualizing the catheter apparatus
over the registered 3D model of
the cardiac chamber upon the
interventional system, navigating the
catheter apparatus within the cardiac
chamber utilizing this registered
3D model, and delivering biological
material through the catheter
apparatus to heart tissue at select
locations within the cardiac chamber.
Preferably, the biological material are

& transplanted cells or antibodies. In another aspect of the invention, a system for treatment of heart arrhythmias is provided that has
& a digital imaging system to obtain cardiac image data, an image generation system to generate a 3D model of a cardiac chamber
N and its surrounding structures from this cardiac image data, a workstation to register the 3D model onto an interventional system
so that the registered 3D model can be visualized upon the interventional system, and a catheter apparatus to deliver biological
material such as transplanted cells or antibodies to heart tissue within this cardiac chamber at certain select locations, the catheter
apparatus being visualized upon the interventional system over the registered 3D model.

O
=




CA 02578963 2007-03-01

WO 2006/028855 A1 ML HHA!H /AR AR 11 0 AR A O

Declaration under Rule 4.17: For two-letter codes and other abbreviations, refer to the "Guid-

— as to the applicant’s entitlement to claim the priority of the  ance Notes on Codes and Abbreviations" appearing at the begin-
earlier application (Rule 4.17(iii)) for all designations ning of each regular issue of the PCT Gazette.

Published:

—  with international search report



CA 02578963 2007-03-01
WO 2006/0288535 PCT/US2005/030991

METHOD AND SYSTEM FOR TREATMENT OF ATRIAL FIBRILLATION AND
OTHER CARDIAC ARRHYTHMIAS

FIELD OF THE INVENTION

This invention relates generally to methods and systems for treatment of atrial

fibrillation and other cardiac arrhythmias and, in particular, to methods and systems for

delivering biological material to a chamber inside the heart.

BACKGROUND OF THE INVENTION

Atrial fibrillation is an arrhythmia of the heart in which the atria or upper chambers

of the heart stop contracting as they fibrillate. Premature atrial contraction (extra beats)
originating in the pulmonary veins can act as triggers and initiate paroxysms of atrial
fibrillation. The inability to reproducibly induce premature beats and precisely identity
the ostium or junction of the pulmonary veins with the left atrium due to the complex
three-dimensional geometry of the left atrium makes prohibitive the use of ablation
therapy in many patients. There is also a risk of complications such as stroke, bleeding
around the heart and narrowing of the pulmonary veins during radio-frequency catheter
ablation procedures.

Studies have found activity that is suggestive of the presence of conduction tissue
at the left atrial-pulmonary vein junction. Thus, a new approach directed at blocking
conduction at a cellular or molecular level by delivering biological material that would
block conduction across cells could provide significant advantages in the treatment of this
complex arrhythmia. Such delivery systems could include the transplantation of cells or
the injection of antibodies.

This approach could also be beneficial to treating other arrhythmias and other
conditions if precise localization and delivery of cells, antibodies and similar biological

substances including genes were possible.

SUMMARY OF THE INVENTION

One aspect of this invention provides a method for treatment of a heart arrhythmia

having the steps of (1) obtaining cardiac image data using a digital imaging system,
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preferably a computer tomography (CT) system, (2) generating a 3D model of a cardiac
chamber and surrounding structures from this cardiac image data, (3) registering the 3D
model with an interventional system, (4) visualizing this registered 3D model on the
interventional system, (5) positioning a catheter apparatus within the cardiac chamber, (6)
visualizing the catheter apparatus over the registered 3D model of the cardiac chamber
upon the interventional system, (7) navigating the catheter apparatus within the cardiac
chamber utilizing this registered 3D model, and (8) delivering biological material through
the catheter apparatus to heart tissue at select locations within the cardiac chamber.

In certain preferred embodiments, the biological material being delivered by the
catheter apparatus are transplanted cells that can alter electrical impulses at these select
locations within the heart. Highly preferred is where the transplanted cells are myoblasts.
Another desirable embodiment is where the biological material delivered to heart tissue
within the cardiac chamber are antibodies such that electrical impulses at the selected
locations are altered by these antibodies.

It 1s most desirable that the interventional system be a fluoroscopic system. More
desirable is where the heart arrhythmia is atrial fibrillation and the 3D model is of the left
atrium and pulmonary veins. Highly desirable embodiments find the catheter apparatus
having a main body with a central lumen that is adapted to deliver biological material and
a control mechanism coupled to the main body such that the delivery of the biological
material from the main body is controlled.

In another aspect of this invention, a system is provided for treatment of a heart
arrhythmia that has a digital imaging system to obtain cardiac image data, an image
generation system to generate a 3D model of a cardiac chamber and its surrounding
structures from this cardiac image data, a workstation to register the 3D model onto an
interventional system so that the registered 3D model can be visualized upon the
interventional system, and a catheter apparatus to deliver biological material to heart tissue
within this cardiac chamber at certain select locations, the catheter apparatus being
visualized upon the interventional system over the registered 3D model.

Desirable cases of this system find the biological material delivered to be
transplanted cells, most preferably myoblasts. Also highly desirable is where the

biological material are antibodies.
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Preferred embodiments of this system are where the interventional system is a
fluoroscopic system. Most preferred embodiments find the digital imaging system to be a
computer tomography (CT) system. In certain preferred cases, the heart arrhythmia is
atrial fibrillation and the 3D model is of the left atrium and pulmonary veins. Highly
preferred is where the catheter apparatus includes a main body having a central lumen
adapted to the delivery of the biological material and a control mechanism coupled to the

main body to control such delivery from the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic overview of a system for treatment of a heart arrhythmia in

accordance with this invention with an enlarged longitudinal cross-section of a portion of
the catheter.

F1G. 2A depicts 3D cardiac images of the left atrium.

FIG. 2B illustrates localization of a standard mapping and ablation catheter over an
endocardial view of the left atrium registered upon an interventional system.

FIG. 3 is a flow diagram of a method for treatment of atrial fibrillation and other

cardiac arrhythmias in accordance with this invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1 illustrates a schematic overview of an exemplary system for the treatment
of a heart arrhythmia such as atrial fibrillation in accordance with this invention. A digital
imaging system such as a CT scanning system 10 is used to acquire image data of the
heart. Although the embodiments discussed hereinafter are described in the context of a
CT scanning system, it will be appreciated that other imaging systems known in the art,
such as MRI and ultrasound, are also contemplated.

Cardiac image data 12 is a volume of consecutive images of the heart collected by
CT scanning system 10 in a continuous sequence over a short acquisition time. The
shorter scanning time through use of a faster CT scanning system and synchronization of
the CT scanner with the QRS on the patient’s ECG signal reduces the motion artifacts 1n
images of a beating organ like the heart. The resulting cardiac image data 12 allows for

reconstruction of images of the heart that are true geometric depictions of its structures.
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Cardiac image data 12 is then segmented using protocols optimized for the left
atrium and pulmonary arteries by image generation system 14. It will be appreciated that
other chambers of the heart and their surrounding structures can be acquired in a similar
manner. Image generation system 14 further processes the segmented data to create a 3D
model 16 of the left atrium and pulmonary arteries using 3D surface and/or volume
rendering. Additional post-processing can be performed to create navigator (view from
inside) views of these structures.

3D model 16 is then exported to workstation 18 for registration with an
interventional system such as a fluoroscopic system 20. The transfer of 3D model 16,
including navigator views, can occur in several formats such as the DICOM format and
geometric wire mesh model. Information from CT scanning system 10 will thus be
integrated with fluoroscopic system 20. Once 3D model 16 1s registered with fluoroscopic
system 20, 3D model 16 and any navigator views can be seen on the fluoroscopic system
20.

A detailed 3D model of the left atrium and the pulmonary veins, including
endocardial or inside views, is seen in FIG. 2A. The distance and orientation of the
pulmonary veins and other strategic areas can be calculated in advance from this 3D image
to create a roadmap for use during the ablation procedure.

Using a transeptal catheterization, which is a standard technique for gaining access to the
left atrium, a catheter apparatus 22, having a flexible catheter 24 with a central lumen 26,
1s introduced into the left atrium. Catheter 24 is visualized on the fluoroscopic system 20
over the registered 3D model 16. Catheter 24 can then be navigated in real-time over 3D
model 16 to the appropriate site within the left atrium. FIG. 2B illustrates localization of a
standard mapping and ablation catheter over an endocardial view of the left atrium
registered upon an interventional system.

Catheter apparatus 22 is provided with a control mechanism 28 for opening and
closing the distal end of lumen 26. Upon filling lumen 26 with biological matenial 30,
catheter apparatus 22 can be used as a delivery device for the release of biological material
30 at specifically selected locations within the heart. After catheter 24 has been guided to
a site identified as a strategic area whose electrical conductivity needs to be altered or

blocked, control mechanism 28 is actuated to deliver biological material 30 such as
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transplanted cells at that site. Such transplanted cells could be myoblastic or smooth
muscle cells. Antibodies can also be injected in this manner to alter or block abnormal
electrical activity at the cellular level, especially in responding to antigens that may be
responsible for the triggering of impulses that initiate atrial fibrillation.

There 1s shown 1n FIG. 3 an overview of a method for ablation of atrial fibrillation
and other cardiac arrhythmias in accordance with this invention. As seen in step 110, a 3D
image of the heart is acquired. 3D images of the heart can be created using CT scan or
MRI. At step 120, a 3D model of the chamber of interest such as the left atrium is created
through segmentation of the image data using protocols optimized for the appropriate
structures. Once this 3D model has been obtained, it can be stored as an electronic data
file using various means of storage. The stored model can then later be transferred to a
computer workstation linked to an interventional system.

As illustrated in step 130, after it has been transferred to the workstation, the 3D
model 1s registered with the interventional system. The registration process allows
medical personnel to correlate this 3D model of the cardiac chamber with the
interventional system that is being used with a particular patient so that it can be visualized
during the interventional procedure.

The following step 140 involves visualization of a catheter that has been positioned
within the left atrium over the registered 3D model. This permits the catheter to be
navigated inside the chamber in real-time over this registered image to the locations

selected for the treatment to be performed.
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In step 150, transplanted cells such as myoblasts are released from a central lumen
of the catheter at the selected site to alter or block electrical activity across that location.
Alternatively, at step 160, antibodies or genes can be inserted at the site in treatment of the
arrhythmia after being transported to the left atrium within the catheter’s lumen.

It will be appreciated to one skilled in the art that other arrhythmias such as ventricular
tachycardia can be targeted for treatment in this manner. Furthermore, automatic
techniques may be used to perform any of the above steps.

Various alternatives and embodiments are contemplated as being within the scope
of the following claims particularly pointing out and distinctly claiming the subject matter

regarded as the invention.
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CLAIMS

1. A method for treatment of a heart arrhythmia comprising:

- obtaining cardiac image data from a digital imaging system;

- generating a 3D model of a cardiac chamber and surrounding structures from the cardiac
Image data;

- registering the 3D model with an interventional system,;

- visualizing the registered 3D model upon the interventional system;

- positioning a catheter apparatus within the cardiac chamber;

- visualizing the catheter apparatus over the registered 3D model upon the interventional
system;

- navigating the catheter apparatus within the cardiac chamber utilizing the registered 3D
model; and

- delivering biological material through the catheter apparatus to heart tissue at select

locations.

2. The method of claim 1 wherein the biological material are transplanted cells, whereby

the transplanted cells alter electrical impulses at the select locations.

3. The method of claim 2 wherein the transplanted cells are myoblasts.

4. The method of claim 1 wherein the biological material are antibodies, whereby the

antibodies alter electrical impulses at the select locations.

5. The method of claim 1 wherein the interventional system is a fluoroscopic system.

6. The method of claim 1 wherein the digital imaging system is a computer tomography
(CT) system.

7. The method of claim 1 wherein the heart arrhythmia is atrial fibrillation and wherein

the 3D model is of the left atrium and pulmonary veins.
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8. The method of claim 1 wherein the catheter apparatus comprises:
- a main body having a central lumen adapted to the delivery of biological material; and
- a control mechanism coupled to the main body wherein delivery of the biological

material from the main body is controlled.

9. A system for treatment of a heart arrhythmia comprising:

- a digital imaging system for obtaining cardiac image data;

- an image generation system for generating a 3D model of a cardiac chamber and
surrounding structures from the cardiac image data;

- a workstation for registering the 3D model with an interventional system to visualize the
registered 3D model upon the interventional system; and

- a catheter apparatus for delivering biological material to heart tissue within the cardiac
chamber at select locations, whereby the catheter apparatus is visualized over the

registered 3D model upon the interventional system.

10. The system of claim 9 wherein the biological material are transplanted cells, whereby

the transplanted cells alter electrical impulses at the select locations.

11. The system of claim 10 wherein the transplanted cells are myoblasts.

12. The system of claim 9 wherein the biological material are antibodies, whereby the

antibodies alter electrical impulses at the select locations.

13. The system of claim 9 wherein the interventional system is a fluoroscopic system.

14. The system of claim 9 wherein the digital imaging system is a computer tomography

(CT) system.

15. The system of claim 9 wherein the heart arrhythmia is atrial fibrillation and wherein

the 3D model is of the left atrium and pulmonary veins.
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16. The system of claim 9 wherein the catheter apparatus comprises:
- a main body having a central lumen adapted to the delivery of biological material; and
- a control mechanism coupled to the main body wherein delivery of the biological

material from the main body is controlled.
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