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(57) ABSTRACT 

Invasive side-?ring electrohydraulic lithotripsy probes that 
creates a substantially annular shockWave to break up con 
cretions are disclosed. Generally, the side-?ring electrohy 
draulic lithotripsy probe includes a lithotripter tip including a 
?rst electrode and a second electrode. The ?rst electrode is 
positioned at a distal end of the lithotripter tip and the second 
electrode is positioned in the lithotripter tip such that an end 
of the second electrode is coaxially aligned With an end of the 
?rst electrode. An electric are between the ?rst and second 
electrodes causes a shockWave to radiate radially from the 
lithotripter tip. 
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FIG. 1 



Patent Application Publication Feb. 11, 2010 Sheet 2 0f 17 US 2010/0036294 A1 

@ F F ‘A 
llllllllll?llllllliIJ-?l H MT H | _ 

illlllllllWFlllllllltFt H H H H | 6 mm B 



Patent Application Publication Feb. 11, 2010 Sheet 3 0f 17 US 2010/0036294 A1 

FIG. 3 
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FIG. 5 
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RADIALLY-FIRING ELECTROHYDRAULIC 
LITHOTRIPSY PROBE 

RELATED APPLICATIONS 

[0001] The present application claims priority to US. Pro 
visional Patent Application No. 61/051,262 (still pending), 
?led May 7, 2008, the entirety of Which is hereby incorpo 
rated by reference. 

BACKGROUND 

[0002] Electrohyrdaulic lithotripsy has been used in the 
medical ?eld, primarily for breaking concretions in the uri 
nary or biliary track. Conventional lithotripsy probes produce 
a shockWave that radiates axially from a distal end of the 
lithotripsy probe. While a shockWave radiating axially from a 
distal end of a lithotripsy probe is useful in breaking up 
concretions such as a kidney stone, it is often dif?cult to use 
these types of probes to break up annular concretions, such as 
concretions around a heart valve. Accordingly, improved 
lithotripsy probes are desirable for breaking up concretions 
that are not located axially from a distal end of a lithotripsy 
probe. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] FIG. 1 is a perspective vieW of one embodiment of a 
radially-?ring electrohydraulic lithotripsy probe; 
[0004] FIG. 2 is a cross-sectional side vieW ofthe radially 
?ring electrohydraulic lithotripsy probe of FIG. 1; 
[0005] FIG. 3 is a perspective vieW of another embodiment 
of a radially-?ring electrohydraulic lithotripsy probe; 
[0006] FIG. 4 is a cross-sectional side vieW ofthe radially 
?ring electrohydraulic lithotripsy probe of FIG. 3; 
[0007] FIG. 5 is a perspective vieW of another embodiment 
of a radially-?ring electrohydraulic lithotripsy probe; 
[0008] FIG. 6 is a cross-sectional side vieW ofthe radially 
?ring electrohydraulic lithotripsy probe of FIG. 5; 
[0009] FIG. 7 is a side vieW of the radially-?ring electro 
hydraulic lithotripsy probe of FIG. 5; 
[0010] FIG. 8a is a cross-section of an EHL probe including 
a fusible link; 
[0011] FIG. 8b is a How chart for a method ofusing the EHL 
probe of FIG. 8a; 
[0012] FIG. 9a is a cross-section of an EHL probe including 
a smart memory chip; 
[0013] FIG. 9b is a How chart of a method forusing the EHL 
probe of FIG. 9b; 
[0014] FIG. 10a is a cross-section ofan EHL probe includ 
ing a fusible link and a smart memory chip; 
[0015] FIG. 10b is a How chart ofa method for using the 
EHL probe of FIG. 10b; 
[0016] FIG. 11a is a cross-section ofan EHL probe includ 
ing a ?rst fusible link and a second fusible link; 
[0017] FIG. 11b is a How chart ofa method for using the 
EHL probe of FIG. 11a; 
[0018] FIG. 12 is a side vieW ofa reinforced EHL probe; 
and 
[0019] FIGS. 13a, 13b, 13c, and 13d illustrate enlarged 
vieWs of a rounded tip of an EHL probe. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0020] The present disclosure is directed to an invasive 
radially-?ring electrohydraulic lithotripsy probe that creates 
a substantially annular shockWave for uses such as breaking 
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up concretions that are at least semi-annular or disrupting 
tissue of a body organ. Generally, embodiments of the dis 
closed radially-?ring electrohydraulic lithotripsy (“EHL”) 
probes include a ?rst electrode at a distal end of the probe, and 
a second electrode coaxially aligned With the ?rst electrode. A 
difference in voltage polarities betWeen the ?rst and second 
electrodes causes an electric arc, resulting in a shockWave that 
is at least semi-annular that radiates radially from the lithot 
ripsy probe. 
[0021] In one implementation, the EHL probes described 
beloW may be delivered to a proper channel of a heart by 
threading (or pre-loading) an EHL probe through a center 
lumen of a catheter or balloon device. The catheter may be 
threaded through appropriate veins or arteries to address con 
cretions either forming in vessels or even in the valves of the 
heart or other organs. 

[0022] In other implementations, the EHL probes 
described beloW may be delivered to a small lumen of a body 
organ for the purpose of disturbing or disrupting (distressing) 
tissue of the body organ in such a Way as to cause a stricture 
or a “scarring” of the tissue for the purpose of creating a 
permanent stricture or blockage of the lumen. For example, 
the EHL probes described beloW may be used to purposely 
create a blockage in a fallopian tube for the purpose of pre 
venting pregnancies (sterilization). A fallopian tube, Which is 
approximately 1 mm in diameter, Would have one of the EHL 
probes described beloW threaded into it. The EHL probe may 
be threaded through the fallopian tube(s) to address the inner 
surface of the fallopian tube. Upon generating the EHL spark 
and sub sequent pres sure Wave in a radial manner, a rupturing 
or disrupting of the Walls of the inner surface of the fallopian 
tube can be accomplished. The subsequent healing or scarring 
of the Walls cause the Walls of the inner surface of the fallo 
pian tube to knit together and create a blockage that renders 
the fallopian tube non-functional, thereby sterilizing a patient 
and preventing pregnancies. 
[0023] Referring to FIGS. 1 and 2, one embodiment of a 
radially-?ring EHL probe 100 (the “probe 100”) includes a 
lithotripsy probe tip 101 including an insulating body 102, a 
?rst electrode 104, and a second electrode 106. Typically, the 
?rst electrode 104 is positioned at a ?rst distal end 108 of the 
lithotripsy probe tip 101. In one implementation, the ?rst 
electrode 106 is conic in shape and includes an electrically 
conductive material such as copper, silver, or stainless steels. 
HoWever, the ?rst electrode 106 may be other shapes such as 
a curved surface and/or made of other electrically conductive 
material. 
[0024] The ?rst electrode 104 is supported by a plurality of 
Wires 110 extending from the ?rst distal end 108 of the lithot 
ripsy probe tip 101. The plurality of Wires 110 are made of an 
electrically conductive material, such as copper, silver, stain 
less steel, or other conductive materials, and electrically 
coupled With a ?rst electrically conductive structure 112 in 
the EHL probe 100. Typically, the plurality of Wires 110 are 
insulated other than Where the plurality of Wires 110 are 
electrically coupled With the ?rst electrode 104 and the ?rst 
electrically conductive structure 112. As knoWn in the art, the 
?rst conductive structure 112 may be coupled With an elec 
trical source, such as an electrohydraulic generator (Autolith, 
Supplied by Norhgate Technologies Inc.), used to charge the 
?rst electrode 104 to a ?rst polarity. 

[0025] The second electrode 106 is positioned in the body 
of the lithotripsy probe tip 101. In one implementation, at 
least an end 114 of the second electrode 106 is cylindrical and 
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includes an electrically conductive material such as copper, 
silver, stainless steel, or other conductive materials. HoWever, 
the second electrode 106 may be other shapes. The second 
electrode 106 is positioned in the lithotripsy probe tip 101 
such that the second electrode 106 is coaxially, and in some 
implementations symmetrically, aligned With the ?rst elec 
trode 104. For example, When the ?rst electrode 104 is conic 
in shape and an end 114 of the second electrode 106 is cylin 
drical, the ?rst and second electrodes 104, 106 are positioned 
such that an axis extending from the conic ?rst electrode 104 
is substantially aligned With an axis extending from the cylin 
drical portion of the second electrode 106. 
[0026] In some implementations, a distance betWeen a tip 
of the ?rst electrode 104 and a point on the second electrode 
106 closest to the ?rst electrode is 0.021 inch. HoWever, 
various distances betWeen 0.006 and 0.100 inch couldbe used 
depending on the application and the amount of energy to be 
transmitted. 
[0027] The second electrode 106 is electrically coupled 
With a second electrically conductive structure 116 in the 
EHL probe 100. As knoWn in the art, the second electrically 
conductive structure 116 may be coupled With an electrical 
source and used to charge the second electrode to a second 
polarity, Which is opposite to the ?rst polarity of the ?rst 
electrode 104. 
[0028] In one implementation, the ?rst electrode 104 is an 
anode and the second electrode 106 is a cathode, Where in 
other implementations, the ?rst electrode 104 is a cathode and 
the second electrode 106 is an anode. When the ?rst electrode 
104 is charged to a ?rst polarity via the ?rst conductive 
structure 112 and the second electrode 106 is charged to a 
second, opposite polarity via the second conductive structure 
114, a discharge of electricity occurs betWeen the ?rst and 
second electrodes 104, 106 (an electrical arc) When the poten 
tial betWeen the ?rst and second electrodes 104, 106 reaches 
the breakdown voltage for the media separating the elec 
trodes. 

[0029] In some implementations, such as the heart applica 
tion described above, at least a portion of the lithotripsy probe 
tip 101 including the ?rst and second electrodes 104, 106 is 
surrounded by a ?exible encapsulating member 118, such as 
a balloon, comprising a Water-tight ?exible material such as 
Mylar. The ?exible encapsulating member 118 encapsulates a 
liquid such as saline. HoWever, other liquids can be used. 
When an electrical arc occurs betWeen the ?rst and second 
electrodes 104, 106 as described above, the electrical arc 
causes a steam bubble in the liquid of the ?exible encapsu 
lating member 118. The steam bubble rapidly expands and 
contracts back on itself. As the steam bubble contracts, a 
pressure Wave (a shockWave) is created in the liquid of the 
?exible encapsulating member 118 that radiates aWay from 
the lithotripsy tip 101 in a substantially radial manner such 
that the shockWave is at least semi-annular. HoWever, in other 
implementations, a ?exible encapsulating member 118 does 
not surround the lithotripsy probe tip 101. 
[0030] Another embodiment of a radially-?ring EHL probe 
is described beloW With respect to FIG. 3 and 4. The radially 
?ring EHL probe 300 (the “probe 300”) includes a lithotripsy 
probe tip 301 including an insulating body 302, a ?rst elec 
trode 304, and a second electrode 306. Similar to the embodi 
ment described above With respect to FIGS. 1 and 2, the ?rst 
electrode 304 is positioned at a ?rst distal end 308 of the 
lithotripsy probe tip 301. The ?rst electrode 304 is positioned 
on an end of a hook structure 310 extending from the ?rst 
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distal end 308 of the lithotripsy probe tip 301. The hook 
structure 310 may be other shapes that extend from the ?rst 
distal end 308 of the lithotripsy probe tip 301 and curve back 
toWards the lithotripsy probe tip 301 so that the ?rst electrode 
304 may be positioned at an end of the structure 310 and 
coaxially aligned With the second electrode 306 as explained 
in more detail beloW. 

[0031] The hook structure 310 includes an electrically con 
ductive material such as copper, silver, stainless steel, or other 
conductive materials, and is electrically coupled With a ?rst 
electrically conductive structure 312 in the EHL probe 300. In 
some implementations, the hook structure 310 is insulated 
other than Where the hook structure 310 is electrically 
coupled With the ?rst electrode 304 and at the ?rst electrode 
304 As knoWn in the art, the ?rst electrically conductive 
structure 312 may be electrically coupled With an electrical 
source and used to charge the ?rst electrode 304 to a ?rst 
polarity. 
[0032] The second electrode 306 is positioned in body of 
the lithotripsy probe tip 301. In one implementation, at least 
an end 314 of the second electrode 306 is cylindrical and 
includes an electrically conductive material such as copper, 
silver, stainless steel, or other conductive materials. HoWever, 
the second electrode 306 may be other shapes. The second 
electrode 306 is positioned in the lithotripsy probe tip 301 
such that the second electrode 306 is coaxially, and in some 
implementations symmetrically, aligned With the ?rst elec 
trode 304. For example, When an end 314 of the second 
electrode 306 is cylindrical, an axis extending from the cylin 
drical portion of the second electrode 306 is substantially 
aligned With the ?rst electrode 304 positioned on the hook 
structure 310. 

[0033] In some implementations, a distance betWeen the 
?rst electrode 304 and a point on the second electrode 306 
closest to the ?rst electrode is 0.021 inch. HoWever, various 
distances betWeen 0.006 and 0.100 inch could be used 
depending on the application and the amount of energy to be 
transmitted. 
[0034] The second electrode 306 is electrically coupled 
With a second electrically conductive structure 316 in the 
EHL probe 300. As knoWn in the art, the second electrically 
conductive structure 316 may be electrically coupled With an 
electrical source and used to charge the second electrode to a 
second polarity, Which is opposite to the ?rst polarity of the 
?rst electrode 304. 
[0035] In one implementation, the ?rst electrode 304 is an 
anode and the second electrode 306 is a cathode, Where in 
other implementations, the ?rst electrode 3 04 is a cathode and 
the second electrode 306 is an anode. When the ?rst electrode 
304 is charged to a ?rst polarity via the ?rst electrically 
conductive structure 312 and the second electrode 306 is 
charged to a second, opposite polarity via the second electri 
cally conductive structure 314, a discharge of electricity 
occurs betWeen the ?rst and second electrodes 304, 306 (an 
electrical arc) When the potential betWeen the ?rst and second 
electrodes 304, 306 reaches the breakdoWn voltage for the 
media separating the electrodes. 
[0036] In some implementations, at least a portion of the 
lithotripsy probe tip 301 including the ?rst and second elec 
trodes 304, 306 is surrounded by a ?exible encapsulating 
member 318, such as a balloon, comprising a Water-tight 
?exible material such as Mylar. The ?exible encapsulating 
member 318 encapsulates a liquid such as saline. HoWever, 
other liquids can be used. When an electrical arc occurs 










