
US 20020193790A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0193790 A1 

Fleischman et al. (43) Pub. Date: Dec. 19, 2002 

(54) 

(76) 

(21) 

(22) 

(63) 

SYSTEMS AND METHODS FOR FORMING 
ELONGATED LESION PATTERNS IN BODY 
TISSUE USING STRAIGHT OR 
CURVILINEAR ELECTRODE ELEMENTS 

Inventors: Sidney D. Fleischman, Menlo Park, 
CA (US); Thomas M. Bourne, 
Mountain View, CA (US); Dorin 
Panescu, Sunnyvale, CA (US); David 
K. Swanson, Mountain View, CA (US); 
James G. Whayne, Saratoga, CA (US) 

Correspondence Address: 
HENRICKS SLAVIN AND HOLMES LLP 
SUITE 200 
840 APOLLO STREET 
EL SEGUNDO, CA 90245 

Appl. No.: 10/212,989 

Filed: Aug. 5, 2002 

Related US. Application Data 

Continuation of application No. 09/579,730, ?led on 
May 26, 2000, noW Pat. No. 6,471,699, Which is a 
continuation of application No. 08/763,169, ?led on 

Dec. 10, 1996, noW Pat. No. 6,106,522, Which is a 
continuation of application No. 08/287,192, ?led on 
Aug. 8, 1994, noW abandoned, Which is a continua 
tion-in-part of application No. 08/138,142, ?led on 
Oct. 15, 1993, noW abandoned, and Which is a con 
tinuation-in-part of application No. 08/136,680, ?led 
on Oct. 15, 1993, noW abandoned, and Which is a 
continuation-in-part of application No. 08/137,576, 
?led on Oct. 15, 1993, noW abandoned, and Which is 
a continuation-in-part of application No. 08/138,235, 
?led on Oct. 15, 1993, noW abandoned, and Which is 
a continuation-in-part of application No. 08/138,452, 
?led on Oct. 15, 1993, noW abandoned. 

Publication Classi?cation 

(51) Int. Cl? ................................................... ..A61B 18/18 
(52) U.S. c1. ............................................ .. 606/41; 607/101 

(57) ABSTRACT 

Systems and associated methods position arrays of multiple 
emitters of ablating energy in straight or curvilinear posi 
tions in contact With tissue to form elongated lesion patterns. 
The elongated lesion patterns can continuous or interrupted, 
depending upon the orientation of the energy emitters. 
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SYSTEMS AND METHODS FOR FORMING 
ELONGATED LESION PATTERNS IN BODY 

TISSUE USING STRAIGHT OR CURVILINEAR 
ELECTRODE ELEMENTS 

FIELD OF THE INVENTION 

[0001] The invention relates to systems and methods for 
ablating myocardial tissue for the treatment of cardiac 
conditions. 

BACKGROUND OF THE INVENTION 

[0002] Physicians make use of catheters today in medical 
procedures to gain access into interior regions of the body to 
ablate targeted tissue areas. It is important for the physician 
to be able to precisely locate the catheter and control its 
emission of energy Within the body during tissue ablation 
procedures. 
[0003] For example, in electrophysiological therapy, abla 
tion is used to treat cardiac rhythm disturbances. 

[0004] During these procedures, a physician steers a cath 
eter through a main vein or artery into the interior region of, 
the heart that is to be treated. The physician places an 
ablating element carried on the catheter near the cardiac 
tissue that is to be ablated. The physician directs energy from 
the ablating element to ablate the tissue and form a lesion. 

[0005] In electrophysiological therapy, there is a groWing 
need for ablating elements capable of providing lesions in 
heart tissue having different geometries. 

[0006] For example, it is believed the treatment of atrial 
?brillation requires the formation of long, thin lesions of 
different curvilinear shapes in heart tissue. Such long, thin 
lesion patterns require the deployment Within the heart of 
?exible ablating elements having multiple ablating regions. 
The formation of these lesions by ablation can provide the 
same therapeutic bene?ts that the complex suture patterns 
that the surgical maZe procedure presently provides, but 
Without invasive, open heart surgery. 

[0007] As another example, it is believed that the treat 
ment of atrial ?utter and ventricular tachycardia requires the 
formation of relatively large and deep lesions patterns in 
heart tissue. Merely providing “bigger” electrodes does not 
meet this need. Catheters carrying large electrodes are 
dif?cult to introduce into the heart and dif?cult to deploy in 
intimate contact With heart tissue. HoWever, by distributing 
the larger ablating mass required for these electrodes among 
separate, multiple electrodes spaced apart along a ?exible 
body, these dif?culties can be overcome. 

[0008] With larger and/or longer multiple electrode ele 
ments comes the demand for more precise control of the 
ablating process. The delivery of ablating energy must be 
governed to avoid incidences of tissue damage and coagu 
lum formation. The delivery of ablating energy must also be 
carefully controlled to assure the formation of uniform and 
continuous lesions, Without hot spots and gaps forming in 
the ablated tissue. 

SUMMARY OF THE INVENTION 

[0009] Aprincipal objective of the invention is to provide 
improved systems and methodologies that control additive 
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heating effects to form elongated straight or curvilinear 
lesion patterns in body tissue. 

[0010] One aspect of the invention provides a device and 
associated method for creating elongated lesion patterns in 
body tissue. The device and method use a support element 
that contacts a tissue area. The support element carries at 
least tWo noncontiguous energy emitting Zones, Which are 
located in a mutually spaced apart relationship along the 
contacted tissue area. In use, the Zones are conditioned to 
simultaneously emit energy to ablate tissue. The spacing 
betWeen the Zones along the contacted tissue area deter 
mines the characteristic of the elongated lesion patterns so 
formed. 

[0011] When the Zones are suf?ciently spaced in close 
proximity to each other, the simultaneous transmission of 
energy from the Zones in a unipolar mode (i.e., to an 
indifferent electrode) generates additive heating effects that 
create an elongated continuous lesion pattern in the con 
tacted tissue area. When the Zones are not suf?ciently spaced 
close enough to each other, the simultaneous transmission of 
energy from the Zones to an indifferent electrode do not 
generate additive heating effects. Instead, the simultaneous 
transmission of energy from the Zones creates an elongated 
segmented, or interrupted, lesion pattern in the contacted 
tissue area. 

[0012] In one embodiment, the spacing betWeen the Zones 
is equal to or less than about 3 times the smaller of the 
diameters of the ?rst and second Zones. In this arrangement, 
the simultaneous transmission of energy from the Zones to 
an indifferent electrode creates an elongated continuous 
lesion pattern in the contacted tissue area due to additive 
heating effects. Conversely, in another embodiment Where 
the spacing betWeen the Zones is greater than about 5 times 
the smaller of the diameters of the ?rst and second Zones, the 
simultaneous transmission of energy from the Zones to an 
indifferent electrode does not generate additive heating 
effects. Instead, the simultaneous transmission of energy 
from the Zones creates an elongated segmented, or inter 
rupted, lesion pattern in the contacted tissue area. 

[0013] In another embodiment, the spacing betWeen the 
Zones along the contacted tissue area is equal to or less than 
about 2 times the longest of the lengths of the ?rst and 
second Zones. This mutually close spacing creates, When the 
Zones simultaneously transmit energy to an indifferent elec 
trode, an elongated continuous lesion pattern in the con 
tacted tissue area due to additive heating effects. Conversely, 
in another embodiment Where the spacing betWeen the Zones 
along the contacted tissue area is greater than about 3 times 
the longest of the lengths of the ?rst and second Zones, When 
the Zones simultaneously transmit energy to an indifferent 
electrode, an elongated segmented, or interrupted, lesion 
pattern results. 

[0014] Another aspect of the invention provides a device 
and associated method for creating elongated curvilinear 
lesion patterns in body tissue. The device and method use a 
curved support element that contacts a tissue area. At least 
tWo non-contiguous energy emitting Zones are carried on the 
curved support element mutually separated across the con 
tacted tissue area. 

[0015] In one embodiment, the Zones are spaced across the 
contacted tissue area by a distance that is greater than about 
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8 times the smaller of the diameters of the ?rst and second 
Zones. In this arrangement, the simultaneously emission of 
energy forms an elongated lesion pattern forms in the tissue 
area that folloWs the curved periphery contacted by the 
support element, but does not span across the contacted 
tissue area. The curvilinear lesion pattern is continuous if the 
spacing betWeen the Zones along the support body is suffi 
cient to create an additive heating effect. OtherWise, the 
curvilinear lesion pattern is segmented or interrupted along 
its length. 

[0016] In another embodiment, the Zones are positioned 
along the support body having a radius of curvature that is 
greater than about 4 times the smaller of the diameters of the 
?rst and second Zones. In this arrangement, the simultaneous 
emission of energy by the Zones forms an elongated lesion 
pattern in the tissue area that folloWs the curved periphery 
contacted by the support element, but does not span across 
the contacted tissue area. The curvilinear lesion pattern is 
continuous if the spacing betWeen the Zones along the 
support body is sufficient to create an additive heating effect. 
OtherWise, the curvilinear lesion pattern is segmented or 
interrupted along its length. 

[0017] Other features and advantages of the inventions are 
set forth in the folloWing Description and DraWings, as Well 
as in the appended Claims. 

Brief Description of the DraWings 

[0018] FIG. 1. is a vieW of a probe that carries a ?exible 
ablating element having multiple temperature sensing ele 
ments; 

[0019] FIG. 2 is an enlarged vieW of the handle of the 
probe shoWn in FIG. 1, With portions broken aWay and in 
section, shoWing the steering mechanism for ?exing the 
ablating element; 

[0020] FIGS. 3 and 4 shoW the ?exure of the ablating 
element against different tissue surface contours; 

[0021] FIG. 5 is a side vieW of a ?exible ablating element 
comprising a rigid tip electrode element and a rigid body 
electrode segment; 

[0022] FIG. 6 is a perspective vieW of a segmented 
?exible electrode element, in Which each electrode segment 
comprises a Wrapped Wire coil; 

[0023] FIGS. 7A/B are, respectively, side and side section 
vieWs of different Wrapped Wire coils comprising ?exible 
electrode elements; 

[0024] FIGS. 8A/B are, respectively, a side and side 
section vieW of multiple Wrapped Wire coils comprising a 
?exible electrode element; 

[0025] FIG. 9 is a side vieW of a ?exible ablating element 
comprising a rigid tip electrode element and a ?exible body 
electrode segment; 

[0026] FIG. 10 is a perspective vieW of a continuous 
?exible electrode element comprising a Wrapped Wire coil; 

[0027] FIG. 11 is a perspective vieW of a continuous 
?exible electrode element comprising a Wrapped ribbon; 

[0028] FIGS. 12A/B are vieWs of a ?exible ablating ele 
ment comprising a Wrapped Wire coil including a movable 
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sheath for changing the impedance of the coil and the 
ablating surface area When in use; 

[0029] FIGS. 13A/B are side vieWs of, respectively, seg 
mented electrode elements and a continuous electrode ele 
ment Which have been masked on one side With an electri 
cally and thermally insulating material; 

[0030] FIGS. 14A/B are schematic vieWs of electrically 
connecting electrode segments to, respectively, single and 
multiple Wires; 

[0031] FIGS. 15A/B are side section vieWs of forming 
?exible coil segments from the electrical conducting Wires; 

[0032] FIGS. 16A/B are vieWs of various shaped multiple 
electrode structures for making lesions that span across 
diagonally and/or diametric spaced electrode regions; 

[0033] FIGS. 17A/18A are vieWs of a generally circular 
multiple electrode structure for making lesions that span 
across diagonally and/or diametric spaced electrode regions; 

[0034] FIGS. 17B/18B are vieWs of a generally spiral 
multiple electrode structure for making lesions that span 
across diagonally and/or diametric spaced electrode regions; 

[0035] FIGS. 19A/B/C are vieWs of a generally hoop 
shaped multiple electrode structure for making lesions that 
span across diagonally and/or diametric spaced electrode 
regions; 

[0036] FIG. 20 is an end section vieW of an ablating 
electrode element carrying one temperature sensing ele 
ment; 

[0037] FIG. 21 is an end section vieW of an ablating 
electrode element carrying tWo temperature sensing ele 
ments; 

[0038] FIG. 22 is an end section vieW of an ablating 
electrode element carrying three temperature sensing ele 
ments; 

[0039] FIG. 23 is a side section vieW of a ?exible ablating 
element comprising multiple rigid electrode elements, shoW 
ing one manner of mounting at least one temperature sensing 
element beneath the electrode elements; 

[0040] FIG. 24 is a side section vieW of a ?exible ablating 
element comprising multiple rigid electrode elements, shoW 
ing another manner of mounting at least one temperature 
sensing element betWeen adjacent electrode elements; 

[0041] FIG. 25 is a side section vieW of a ?exible ablating 
element comprising multiple rigid ablating elements, shoW 
ing another manner of mounting at least one temperature 
sensing element on the electrode elements; 

[0042] FIG. 26 is an enlarged top vieW of the mounting 
the temperature sensing element on the rigid electrode 
shoWn in FIG. 26; 

[0043] FIGS. 27 and 28 are side section vieWs of the 
mounting of temperature sensing elements on the ablating 
element shoWn in FIG. 5; 

[0044] FIG. 29 is a vieW of a ?exible ablating element 
comprising a continuous Wrapped coil, shoWing one manner 
of mounting temperature sensing elements along the length 
of the coil; 


























