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ABSTRACT 

Systems and associated methods place a temperature sensing 
element in an “edge region” betWeen an energy transmitting 
electrode and a non-electrically conducting support body, 
Where higher temperatures are likely to exist. Reliable 
temperature sensing, Which is sensitive to variations in 
temperatures along the electrode, results. 
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SYSTEMS AND METHODS FOR CONTROLLING 
TISSUE ABLATION USING MULTIPLE 
TEMPERATURE SENSING ELEMENTS 

RELATED CASES 

[0001] This case is a continuation-in-part of US. applica 
tion Ser. No. 08/286,930, ?led Aug. 8, 1994, entitled “Sys 
tems and Methods for Controlling Tissue Ablation Using 
Multiple Temperature Sensing Elements.” This case is also 
a continuation-in-part of US. application Ser. No. 08/287, 
192, ?led Aug. 8, 1994, entitled “Systems and Methods for 
Forming Elongated Lesion Patterns in Body Tissue Using 
Straight of Curvilinear Electrode Elements.” 

FIELD OF THE INVENTION 

[0002] The invention relates to systems and methods for 
ablating myocardial tissue for the treatment of cardiac 
conditions. 

BACKGROUND OF THE INVENTION 

[0003] 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. 
[0004] For example, in electrophysiological therapy, abla 
tion is used to treat cardiac rhythm disturbances. 

[0005] 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. 

[0006] In electrophysiological therapy, there is a groWing 
need for ablating elements capable of providing lesions in 
heart tissue having different geometries. 

[0007] 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. 

[0008] 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. 

[0009] 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 
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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 

[0010] The invention provides device and methods for 
ablating body tissue. The devices and methods include an 
electrode carried by a support element made of a material 
that does not conduct tissue ablation energy. The electrode 
is made of a material that transmits ablation energy. The 
electrode has at least one edge that contacts the material of 
the support element. The devices and methods also include 
at least one temperature sensing element carried by the 
electrode adjacent to the at least one edge. 

[0011] Another aspect of the invention provides systems 
and methods method for controlling the ablation of body 
tissue. The systems and methods supply ablation energy to 
an electrode carried by a support element made of a material 
that does not conduct ablation energy. The electrode has at 
least one edge that contacts the material of the support 
element. The systems and methods senses temperature With 
at least one temperature sensing element carried by the 
electrode adjacent to the at least one edge. The systems and 
methods control the supply of ablation energy based, at least 
in part, upon temperature sensed by the at least one tem 
perature sensing element. 

[0012] The invention places the temperature sensing ele 
ment in an “edge region” betWeen an electrode and a 
non-electrically conducting support body. The edge region 
presents an area Where electrical conductivity is discontinu 
ous. The resulting rise in current density in this region 
generates localiZed increases in poWer densities, and, there 
fore, it is a region Where higher temperatures are likely to 
exist. The invention places the temperature sensing element 
just Where localiZed “hot spots” are to be expected. Reliable 
temperature sensing, Which is sensitive to variations in 
temperatures along the electrode, results. 

[0013] 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 

[0014] FIG. 1, is a vieW of a probe that carries a ?exible 
ablating element having multiple temperature sensing ele 
ments; 

[0015] 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; 
[0016] FIGS. 3 and 4 shoW the ?exure of the ablating 
element against different tissue surface contours; 

[0017] FIG. 5 is a side vieW of a ?exible ablating element 
comprising a rigid tip electrode element and a rigid body 
electrode segment; 

[0018] FIG. 6 is a perspective vieW of a segmented 
?exible electrode element, in Which each electrode segment 
comprises a Wrapped Wire coil; 

[0019] FIGS. 7A/B are, respectively, side and side section 
vieWs of different Wrapped Wire coils comprising ?exible 
electrode elements; 
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[0020] FIGS. 8A/B are, respectively, a side and side 
section vieW of multiple Wrapped Wire coils comprising a 
?exible electrode element; 

[0021] FIG. 9 is a side vieW of a ?exible ablating element 
comprising a rigid tip electrode element and a ?exible body 
electrode segment; 

[0022] FIG. 10 is a perspective vieW of a continuous 
?exible electrode element comprising a Wrapped Wire coil; 

[0023] FIG. 11 is a perspective vieW of a continuous 
?exible electrode element comprising a Wrapped ribbon; 

[0024] FIGS. 12A/B are vieWs of a ?exible ablating ele 
ment comprising a Wrapped Wire coil including a movable 
sheath for changing the impedance of the coil and the 
ablating surface area When in use; 

[0025] FIG. 13 is an end section vieW of an ablating 
electrode element carrying one temperature sensing ele 
ment; 

[0026] FIG. 14 is an end section vieW of an ablating 
electrode element carrying tWo temperature sensing ele 
ments; 

[0027] FIG. 15 is an end section vieW of an ablating 
electrode element carrying three temperature sensing ele 
ments; 

[0028] FIG. 16 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; 

[0029] FIG. 17 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; 

[0030] FIG. 18 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; 

[0031] FIG. 19 is an enlarged top vieW of the mounting 
the temperature sensing element on the rigid electrode 
shoWn in FIG. 18; 

[0032] FIGS. 20 and 21 are side section vieWs of the 
mounting of temperature sensing elements on the ablating 
element shoWn in FIG. 5; 

[0033] FIG. 22 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; 

[0034] FIG. 23 is a vieW of a ?exible ablating element 
comprising a continuous Wrapped coil, shoWing another 
manner of mounting temperature sensing elements along the 
length of the coil; 

[0035] FIG. 24 is an enlarged vieW of the mounting of the 
temperature sensing element on the coil electrode shoWn in 
FIG. 23; 

[0036] FIG. 25 is a vieW of a ?exible ablating element 
comprising a continuous Wrapped ribbon, shoWing a manner 
of mounting temperature sensing elements along the length 
of the ribbon; 
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[0037] FIG. 26 is a side section vieW of a large electrode 
With temperature sensing elements positioned at its edges; 

[0038] FIG. 27 is a perspective vieW of an array of long 
electrodes With temperature sensing elements position at 
each long electrode edge and in betWeen each long elec 
trode; 
[0039] FIG. 28 is a side section vieW of an array of short 
electrodes, each one carrying a temperature sensing element 
at one edge; 

[0040] FIG. 29 is a side vieW of an array of short 
electrodes, With temperature sensing elements position at the 
edge of the short electrodes beginning and ending the array, 
as Well in the middle of each intermediate short electrode; 

[0041] FIGS. 30 and 31 are schematic vieWs of a system 
for controlling the application of ablating energy to multiple 
electrodes using multiple temperature sensing inputs; 

[0042] FIG. 32 is a schematic ?oW chart shoWing an 
implementation of the temperature feedback controller 
shoWn in FIGS. 30 and 31, using individual amplitude 
control With collective duty cycle control; and 

[0043] FIG. 33 is a schematic vieW of a neural netWork 
predictor, Which receives as input the temperatures sensed 
by multiple sensing elements at a given electrode region and 
outputs a predicted temperature of the hottest tissue region. 

[0044] The invention may be embodied in several forms 
Without departing from its spirit or essential characteristics. 
The scope of the invention is de?ned in the appended claims, 
rather than in the speci?c description preceding them. All 
embodiments that fall Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced by the claims. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] This Speci?cation discloses multiple electrode 
structures that embody aspects the invention. This Speci? 
cation also discloses tissue ablation systems and techniques 
using multiple temperature sensing elements that embody 
other aspects of the invention. The illustrated and preferred 
embodiments discuss these structures, systems, and tech 
niques in the context of catheter-based cardiac ablation. That 
is because these structures, systems, and techniques are Well 
suited for use in the ?eld of cardiac ablation. 

[0046] Still, it should be appreciated that the invention is 
applicable for use in other tissue ablation applications. For 
example, the various aspects of the invention have applica 
tion in procedures for ablating tissue in the prostrate, brain, 
gall bladder, uterus, and other regions of the body, using 
systems that are not necessarily catheter-based. 

[0047] I. Flexible Ablating Elements 

[0048] FIG. 1 shoWs a ?exible ablating element 10 for 
making lesions Within the heart. 

[0049] The element 10 is carried at the distal end of a 
catheter body 12 of an ablating probe 14. The ablating probe 
14 includes a handle 16 at the proximal end of the catheter 
body 12. The handle 16 and catheter body 12 carry a steering 
mechanism 18 for selectively bending or ?exing the ablating 
element 10 in tWo opposite directions, as the arroWs in FIG. 
1 shoW. 
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[0050] The steering mechanism 18 can vary. In the illus 
trated embodiment (see FIG. 2), the steering mechanism 18 
includes a rotating cam Wheel 20 With an external steering 
lever 22 (see FIG. 1). As FIG. 2 shoWs, the cam Wheel 20 
holds the proximal ends of right and left steering Wires 24. 
The Wires 24 pass through the catheter body 12 and connect 
to the left and right sides of a resilient bendable Wire or 
spring 26 (best shoWn in FIGS. 20 and 23) enclosed Within 
a tube 28 inside the ablating element 10. 

[0051] Further details of this and other types of steering 
mechanisms for the ablating element 10 are shoWn in 
Lundquist and Thompson US. Pat. No. 5,254,088, Which is 
incorporated into this Speci?cation by reference. 

[0052] As FIG. 1 shoWs, forWard movement of the steer 
ing lever 22 ?exes or curves the ablating element 10 doWn. 
RearWard movement of the steering lever 22 ?exes or curves 
the ablating element 10 up. 

[0053] Various access techniques can be used to introduce 
the probe 14 into the desired region of the heart. For 
example, to enter the right atrium, the physician can direct 
the probe 14 through a conventional vascular introducer 
through the femoral vein. For entry into the left atrium, the 
physician can direct the probe 14 through a conventional 
vascular introducer retrograde through the aortic and mitral 
valves. 

[0054] Alternatively, the physician can use the delivery 
system shoWn in pending US. application Ser. No. 08/033, 
641, ?led Mar. 16, 1993, and entitled “Systems and Methods 
Using Guide Sheaths for Introducing, Deploying, and Sta 
biliZing Cardiac Mapping and Ablation Probes.” 

[0055] The physician can verify intimate contact betWeen 
the element 10 and heart tissue using conventional pacing 
and sensing techniques. Once the physician establishes 
intimate contact With tissue in the desired heart region, the 
physician applies ablating energy to the element 10. The 
type of ablating energy delivered to the element 10 can vary. 
In the illustrated and preferred embodiment, the element 10 
transmits electromagnetic radio frequency energy. 

[0056] The ?exible ablating element 10 can be con?gured 
in various Ways. With these different con?gurations, the 
?exible ablating element can form lesions of different char 
acteristics, from long and thin to large and deep in shape. 

[0057] 
[0058] FIGS. 3 and 4 shoW one implementation of a 
preferred type of ?exible ablating element, designated 10(1). 
The element 10(1) includes multiple, generally rigid elec 
trode elements 30 arranged in a spaced apart, segmented 
relationship upon a ?exible body 32. 

[0059] The ?exible body 32 is made of a polymeric, 
electrically nonconductive material, like polyethylene or 
polyurethane. The body 32 carries Within it the resilient 
bendable Wire or spring With attached steering Wires (best 
shoWn in FIGS. 20 and 23), so it can be ?exed to assume 
various curvilinear shapes. 

a. Segmented, Rigid Electrode Elements 

[0060] The segmented electrodes 30 comprise solid rings 
of conductive material, like platinum. The electrode rings 30 
are pressure ?tted about the body 32. The ?exible portions 
of the body 32 betWeen the rings 30 comprise electrically 
nonconductive regions. 
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[0061] The body 32 can be ?exed betWeen the spaced 
apart electrodes 30 to bring the electrode 30 into intimate 
contact along a curvilinear surface of the heart Wall, Whether 
the heart surface curves outWard (as FIG. 3 shoWs) or curves 
inWard (as FIG. 4 shoWs). 

[0062] FIG. 5 shoWs an implementation of another pre 
ferred type of a ?exible ablating element, of the same 
general style as element 10(1), designated 10(2). Element 
10(2) includes tWo generally rigid electrode elements 34 and 
36 arranged in a spaced apart relationship at the distal tip of 
a ?exible body 38. The ?exible body 38 is made of electri 
cally insulating material, like polyurethane and PEBAX® 
plastic material. The body 38 carries one relatively large, 
rigid metal electrode 34 at its tip, Which comprises a body 
of electrically conductive material, like platinum. The body 
38 also carries another rigid electrode 36, Which comprises 
a solid ring 36 of electrically conductive material, like 
platinum, pressure ?tted about the body 38. As FIG. 5 
shoWs, the ablating element 10(2) can also include one or 
more conventional sensing ring electrodes 40 proximally 
spaced from the ablating ring electrode 36. The sensing ring 
electrodes 40 serve to sense electrical events in heart tissue 
to aid the physician in locating the appropriate ablation site. 

[0063] As shoWn in phantom lines in FIG. 5, the ?exible 
body 38, When pressed against the endocardial surface 
targeted for ablation, bends to place the sides of the rigid 
electrodes 34 and 36 in intimate contact against the particu 
lar contour of the surface. The ?exible nature of the ablating 
element 10(2) can be further augmented by the inclusion of 
the resilient bendable Wire or spring 26 Within it (best shoWn 
in FIG. 20). In this embodiment, the steering Wires 24 
connect to the left and right sides of the bendable Wire 26. 
The opposite ends of the steering Wires 24 connect to a 
steering mechanism of the type previously described and 
shoWn in FIG. 2. In this arrangement, the physician can use 
the steering mechanism to remotely ?ex the electrodes 34 
and 36 in the manner shoWn in FIG. 5. 

[0064] Preferably, as FIG. 20 shoWs, the steering Wires 24 
are secured to the bendable Wire 26 near its distal end, Where 
the bendable Wire 26 is itself secured to the tip electrode 34. 
Bending of the Wire 26 thereby directly translates into 
signi?cant relative ?exing of the distal end of the catheter 
body 38, Which carries the electrodes 34 and 36. 

[0065] Alternatively, the region betWeen the electrodes 34 
and 36 can be stiff, not ?exible. In this arrangement, pressing 
the 34 and 36 against tissue brings the tissue into conform 
ance about the electrodes 34 and 36. 

[0066] The generally rigid, segmented electrodes 30 in 
element 10(1) and 34/36 in element 10(2) can be operated, 
at the physician’s choice, either in a unipolar ablation mode 
or in a bipolar mode. In the unipolar mode, ablating energy 
is emitted betWeen one or more the electrodes 30 (in element 
10(1)) or electrodes 34/36 (in element 10(2)) and an external 
indifferent electrode. In the bipolar mode, ablating energy is 
emitted betWeen tWo of the electrodes 30 (in element 10(1)) 
or the electrodes 34 and 36 (in element 10(2)), requiring no 
external indifferent electrode. 

[0067] B. Flexible Electrode Elements 

[0068] FIG. 6 shoWs an implementation of another pre 
ferred style of a ?exible ablating element, designated 10(3). 


















