United States Patent [

Bales et al.

[11] E
[45) Reissued Date of Patent:

NI A

USOORE33925F
Patent Number:

Re. 33,925
May 12, 1992

(4] ELECTROSURGICAL CATHETER ANED
METHOD FOR VASCULAR APPLICATIONS

Thomas O, Bales., Coral Gables;
Kevin W, Smith, Miami. both of Fla.

[75] Inventors:

Cordis Corporation, Miami Lakes,
Fla.

281,063
Dec. 8, 1988

[73] Assignee:

[21] Appl. No.:
[22] Filed:

Related U.S. Patent Documents

Reissue of:
[64]  Patent No.: 4,682,596
Issued: Jul. 28, 1987
Appl. No.: 612,879
Filed: May 22, 1984
(511 Int, CLS i A61B 17/36
[S2] US. Cl ., 606/48; 606/50
[S58] Field of Search ............................. 606/48-50:
128/4-8, 399402, 783, 784, 786
[56] References Cited
U.S. PATENT DOCUMENTS
Re. 27.569 2/1973 Ackerman ... [2R/31K
452220 5371891 Gunming | 2K/786
S82832  1/1896 Fort

623022 4/1899 Johnson .

1.677.642 7/1928 Kark .

33012588 1/1967 Werneretal ......ooooninan.. 128303 ]
3,348,548 1071967 Churdeck ..., 125/ TRG
3.493.364 271970 Peters o 12587369
3,530,005 1071970 Mulleretal. ..o, 1287303 13
I80523G  T7/19071 Peterson ..o 128730314
3695394 101672 Piwperetal ... 128/303.1
3798967 31974 Gielesetal. e 737204
3.920.021 1171975 Hitebrandt .oovieeeiirn 606/ 50
1.030.508 6/1977 Thalen ..o, 1287786
4.018.519 T7/1977 Foucras ..., 2197301
4,043,342 R/1977 Mornison ., 128/303.14
4.060,08¢ 1171977 Storz ..o, 128730315
3.116,198  9/1078 ROOS e 606/4R
$.132.227 171979  Ibe s 12874
$.142.529 3/1979 Latenseretal. .........ccov..... . 128/40]
4.146,019 3/1979 Bassetal. .......oovvvviirineiennnns, 12R/6
4,176,659 12/1979 Rolfe ..o 128/635

131

. .. .. Y. . .
T ——————— —

4.207.874 6/1980 Chov ........ TP 12576
4217910 B/1980 Khabhl ..o 1287670
4.227.535 10,1980 Conner oo 12%.°30]
4240441 1271980 Khahl ..o 1287692
4,337,842 9/1982 Beale ..., 128276
4423727 1/1984 Widranetal ................. 1287303 15
4,429,694 2/1984 McGreevy i 128/303.14
4.438.766 371984 BOWers ........oocoeiiiniinennn. 128/303.14
4 449 528 5/1984 Authetal ...oiririininnn. 1287303 1
45179758 5/1985% QGarntoeral. ................... 128730313
4.524.770 671988 QOrandi ..., 12873031
4532924 8/1985 Autheral ..o, 606,50
4,534,166 B/1985 Sowkeys ., 128/786

FOREIGN PATENT DOCUMENTS

2215075 12/1974 Fed. Rep. of Germany ... 128/303.1
2535341 12/197¢ Fed. Rep. of Germany ........ 128/50
2060397 5/1981 United Kingdom ............. 128/303.1
2071500 971981 United Kingdom ............. 128/303.1

OTHER PUBLICATIONS

“Transartenial Elec. . . . of the Pancreas', Oct, 1975,
Gold et al.. Am. ). Roent.

Primary Examiner—Max Hindenburg

Attorney. Agent. or Firm—Henry W. Collins: Thomas R.
Vigil

[57] ABSTRACT

The method for resolving atherosclerotic plaque
bulldup and/or eroding unwanted tissue in a blood
vessel includes the steps of: inserting an electrode in and
along the lumen of a blood vessel; manually manmpulat-
ing satd electrode through the blood vessel, positioning
said electrode proximate to atherosclerotic plaque
buildup site or unwanted tissue site in the blood vessel.
supplying a predetermined high-frequency, high-volt-
age electrical current to said electrode: maintaining said
predetermined current for a predetermined time period.
and sensing from time 10 time, the amount of plaque or
unwanted tissue at the site.

The electrosurgical plague-resolving or tissue-eroding
device 1s adapted to be inserted within and along the
lumen of a blood vessel and manipulated therethrough
to a desired position where the device 1s operated to
resolve atherosclerotic plaque buildup or erode tissue In
the blood vessel according to the method to re-establish
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desired blood flow through the blood vessel ar 1o re-
move tissue therefrom. The device comprises an elon-
gate flexible hollow tubular bodyv having a distal end
and a proximal end. A hollow 11p member is mounted at
the distal end of the flexible hollow tubular body and an
electrode 1s associated with the hollow tip member for
resolving plaque or eroding tissue. A power supply
circuit for supplying a high-frequency. high-voltage

L . i i

electrical current to the electrode is coupled to the
electrode. A mechanism for sensing. from time to time.
the amount of plague or tissue at the site 1n the blood
vessel 1s also proviaded with the device.

47 Claims, 3 Drawing Sheets
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ELECTROSURGICAL CATHETER ANED
METHOD FOR VASCULAR APPLICATIONS

Matter enclosed in heavy brackets [ } appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a reissue of 06/612.879 filed May 22,
1984, Pai. No. 4,682, 596.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a device and method
for resoiving or removing atherosclerotic plaque
butldup or ussue i1n a blood vessel 1n order to restore
necessary blood flow. The device includes a hollow
catheter with a hollow tip member having an electrode
for actively eroding. by means of high frequency high
voltage electric current, atherosclerotic plague areas or
unwanted ussue within a blood vessel. The current
generated at the electrode through the fatty matenal
resolves the fatty matenal of the plaque and the residue
of same may be removed through the hollow catheter.

2. Description of the Prior Art

Heretofore, various bodyv insertable devices, such as
catheters, having means for dehivering impulses of elec-
tric current have been proposed for delivering electric
current to internal organs, cavities or orifices of a body.

Such devices have generally been used with one elec-
trode exiernal of the body, and with means for delivery
of irngant fluid to or from the body.

Examples of some of the previously proposed devices
are disclosed in the following patents:

LS PAT NQ PATENTEL
Re 27.5a0 Ackerman
452,220 Gunning
882832 Fort
62302 Johnson
4,060).(In 6 Storz
4,420,604 MoGreesy

The McGreevy LS. Pat. No. 4,429,694 discloses an
electrosurgical generator for generating waveforms for
electrosurgical fulguration.

The Ackerman U.S. Pat. No. Re, 27,569 discloses a
catheter which is designed for insertion through the
chest and into the heart specifically for the purpose of
introduction of electrical stimulation during cardiac
arrest. When the heart has ceased (o beat, a generated
impulse is provided which is capable of delivering elec-
tric current approximating in strength, frequency and
distribution the normal current of the heart. No refer-
ence is made to a hollow catheter or to a tip thereof
which can be supplied with sufficient power for re-
moval of plaque or tissue from a blood vessel.

The Gunning U.S. Pat. No. 452,220 discloses a surgi-
cal electrode device in the form of a solid catheter com-
posed of electrically discrete coaxially movable elec-
trodes. The electrodes of Gunning are connected to a
battery so that direct current may be introduced to an
organ or part of the body after the device 1s inserted
through a body orifice. The Gunning catheter is not
hollow, does not use high frequency current and 1s used
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in a different manner and for a different purpose than
the device of the present invenuon.

The Fort U.S. Pat. No. 552,832 discloses a catheler
for treatment of strictures in body orifices, e.g. urethra.
esophagus. uterus or rectum. The catheter includes one
electrode in the middle of the catheter which 1s defined
by a bowed platinum plate or wire which projects to
one side of the catheter. Another electrode is apphed
externally to the body. for example. on the abdomen
whereby current is passed through the stricture and acts
“electrolvtically or electrochemically thereupon™. Fort
does not teach a hollow electrode tip catheter which
can be used for eroding tissue in vessels.

The Johnson U.S. Pat. No. 623.022 discloses a cathe-
ter which is adapied for insertion into a body cavity and
which is allegedly capable of delivering an electric
current 1o the bodyv. The electric current was believed
to have some curative powers and no reference 1s made
in this patent to erosion of plaque or tissue in a vessel.
The catheter can be used for delivering fluid i1nto the
body and the electric current allegedly flows from the
catheter through the fluid into the body.

No metallic surface comes into contact with the mu-
cous surface. and hence, the current 1s not concentrated
at anyv point of contact. but 1s diffused by the liquid so
that comparatively heavy current may be used without
harm to the body parts. There is no teaching of high
frequency current. bipolarity, or electro-surgery in the
Johnson patent and this catheter is clearly used in an
electrochemical manner and not for electrical erosion of

plaque or ussue.

The Storz U.S. Pat. No. 4,060.086 discloses an endo-
scope which is an instrument for visually examiming the
inside of a hollow organ. This particular endoscope
includes a loop-like electrode and has a body which i1s
inflexible and which is not designed for use in cleaning
blood vessels but which i1s arranged for transurethral
operations. Cutting action is carried on by an inner
cutting edge of the endoscope in combination with an
electrically charged loop of wire which sparks. The
exact mechanism and its operation are unclear. A wash-
ing agent is supplied and discharged through the endo-
scope.

As will be described in greater detail heretnafter, the
device and method of the present invention for resolv-
ing atherosclerotic plaques and unwanted tissue differ
from the devices and methods previously proposed by
providing a catheter which is sized 1o be received in a
blood vessel and which has an erosion electrode local-
1zed near a hollow tip member mounted at the distal end
of the catheter. The catheter is flexible and therefore
manipulatable into and through the lumen of a blood
vessel and can be positioned therein proximate athero-
sclerotic plaque or unwanted tissue i1n the blood vessel.
High frequency high voltage electric current is gener-
ated and supplied to the atherosclerotic plaques or tis-
sue for a predetermined period of time to resolve the
plague or tissue. In particular, the erosion resulting
from high frequency high voltage current about the
electrode positioned proximate the tip of the device
member actively resolves plaque or erodes tissue.

In one preferred embodiment of the device of the
present invention, there is provided a tubular hollow tip
member open at the distal end thereof and communicat-
ing with a flexible and elongated hollow catheter body.
The eroded debris resulting from the intermittent apph-
cation of high frequency high voltage current about the
electrode is convemently carried out of the catheter by
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a trident connection at the proximal end. In between
applications of the current. a low voltage direct current
is passed through the plaque or tissue for making an
impedance measurement 10 determine 1If a sufficient
amount of plaque has been resolved or tissue eroded.

The electrosurgical device of the present invention
emplovs the application of elecinic current directly 10
an area of plague or uissue buildup for resolving. ablat-
ing or removing the buildup and differs from copending
U.S. application Ser. No. 536,852 filed Sep. 28. 1983 by
Harold Herschenson for: PLAQUE RESOLVING
DEVICE AND METHOD. which resolves plaque by
heating plaque with a heat conductive member at the tip
of a catheter heated by an electric coil.

SUMMARY OF THE INVENTION

According to the invention, there i1s provided a
method for resolving atherosclerotic plague buildup
and/or eroding unwanted tissue In a blood vessel in-
cluding the steps of: inserting an electrode in and along
the lumen of a blood vessel: manually manipulating said
electrode through the blood vessel: positioning said
electrode proximate to atherosclerotic plaque buldup
site or unwanted tissue site in the blood vessel: supply-
ing a predetermined high frequency high voliage elec-
trical current to said electrode; maintaining said prede-
termined current for a predetermined time period: and
sensing from time to time the amount of plaque or un-
v.anted tissue at the site.

Further. according to the invention. there 1s provided
an electrosurgical plague resolving or tissue eroding
device adapted to be inserted within and along the
lumen of a blood vessel and manipulated therethrough
10 a desired position where the device 1s operated 10
resalve atherosclerotic plaque buildup or erade tissue n
the blood vessel 10 re-establish dewired blood flow
through the blood vessel or to remove tissue therefrom.
said device comprising: an elongate flexible hollow
tubular bodv having a distal end and a proximal end: a
hollow up member mounted at said distal end of said
flexible hollow tubular body: an electrode associated
with said hollow t1p member for resolving plague or
eroding tissue; means for supplyving a high frequency
high voltage electrical current to said electrode; and
means for sensing from time to time the amount of
plague or tissue at the site in the blood vessel.

Preferably. the holiow tip member. the distal end of
the flexible hollow tubular body and the flexible hollow
tubular body has a passage for withdrawing resolved
eroded debris. Similarly. the proximate end of the body
can include a “Y" or trident connection for facilitating
removal of resolved matter and debris. Also. a passage
for supplying a flushing fluid to the site may [also] be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a fragmentary axial cross-sectional view of
one embodiment of a plaque resolving or tissue eroding
device constructed according to the teachings of the
present invention and shows a monopolar electrode in
the tip of the device adapted to be connected to a source
of high frequency high voltage current.

F1G. 2 is a fragmentary axial cross-sectional view of
another embodiment of the device constructed accord-
ing to the present invention and shows a monopolar
electrode extending through the tip of the device.

F1G. 3 is a fragmentary axial cross-sectional view of
the distal end portion of another embodiment of the
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device constructed according to the present invention
and shows a bipolar electrode assembly at a distal end of
the body.

FIG. 4 15 a fragmentary axial cross-sectional view of
another embodiment of a device constructed according
to the present invention and shows a monopolar elec-
trode at a tip of the device.

FIG. § 1« an axial cross sectional view of a proximal
end portion and a distal end portion of another embodi-
ment of a plaque resolving or tissue eroding device
constructed according to the teachings of the present
inventon.

FIG. 6 is an enlarged axial cross sectional view of the
distal end portion of the device shown in FIG. §.

F1G. 7 is a radial sectional view of the device shown
in FIG. 6 and is taken along lhine 77 of F1G. 6.

F1G. 8 is another radial sectional view of the device
shown in FIG. 6 and is taken along line 8—8 of FIG. 6.

F1G. 9 is a distal end view of the device shown 1n
F1G. 6 and is taken along line 9—9 of FIG. 6.

FIG. 101 an axial cross sectional view of a distal end
portion of another embodiment of the plaque resolving
or lissue eroding device constructed according 1o the
teachings of the present invention.

FI1G. 11 is a radial sectional view, similar to the sec-
tional view shown in FIG. 8. through a distal end por-
tion of another embodiment of the plaque resolving or
tissue eroding device of the present invenuon and
shows a modified electrode construction.

FI1G. 1215 an end view, similar to the end view shown
in FIG. 9. of a distal end of another embodiment of a
device constructed according to the teachings of the
present invention and shows a flushing port opening
axially onto the distal end.

F1G. 13 is a radial sectional view. similar to the view
shown in FIG. 7. through a distal end portion of stll
another embodiment of a plagque resolving or tissue
eroding device constructed according to the teachings
of the present invention and shows an eccentric posi-
tioning of a central lumen in a tubular body of the de-
vice and 1wo other lumens resulting in a tubular body of
minimum diameter.

FI1G. 14 1s a graph of a pure sine wave power wave-
form that is applied to plaque or ussu¢ at a site in the
body during a cutting mode of operation of one of the
devices illustrated in the previous figures.

FIG. 15 is a graph of a high-frequency, power-pulse
waveform that is applied to plaque or tissue at a site 1n
the body during a coagulation mode of operation of one
df the devices illustrated in the previous figures.

F1G. 16 1s a graph of a high-frequency, low-duty-
cycle, power-pulse waveform that is apphed to plaque
or tissue during a coagulation mode of operation of one
of the devices illustrated in the previous figures.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, there is illustrated therein a
plaque and tissue resolving device constructed accord-
ing to the teachings of the present invenuion and gener-
ally identified by reference numeral 10. The device 10 is
adapted to be inserted within and along a lumen of a
blood vessel and [manipulatable} manipulared there-
through to a position of atherosclerotic plaque or tissue
buildup. The device 10 also can be referred to as a uni-
polar multilumen electrosurgical catheter 10.

The device 10 includes an elongate holiow tubular
body or catheter 14 made of a flexible insulating mate-
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nal such as polvurethane and a hollow metal tip mem-
ber 16, made of stainless steel. plaunum, titanium or
sitmilar metal, mounted to a distal end 18 of the elongate
tubular body 14. The metal tip member 16 1s a monopo-
lar electrode which supplies the elecinc current to a §
plague buildup.

- The return path for the current ts through a large
area. remote plate type. dispersive electrode typically
placed onto a large, flat skin area on the patient, such as
the thigh or belly.

The device 10 further is supplied by a high-fre-
quency, high-voltage power supply coupled to proxi-
mal end 20 of the tubular bodyv 14. and more parucu-
larly to a proximal end 21 of a wire conductor 22 that 1s
connecied to the hollow metal up member 16 at ity 1S5
distal end 23. The wire conductor 22 extends through a
hollow center passage 24 of the catheter body 14 be-
tween the tip member 16 and the high voltage power
supply.

The tubular body 14 can be made of polyurethane, 20
polyethylene or other biocompatible material which 1s
suitable for intravascular use and which provides maxi-
mum flexibility to permit manipulation of the device 10
through a blood vessel to a desired position therein such
as to a site of plague buildup. The external and internal 25
diameters of the tubular body 14 are sufficient to permn
flexsbility and adequate strength. Typically the tubular
body 14 has a diameter approximately one third (1) the
diameter of the blood vessel in which 1t 18 inserted.

The tip member 16 has a shaped distal end portion to 30
facilitate insertion of the catheter 14 into and through a
blood vessel. Moreover, there ts a rounded. bevelled or
chamferred nose 25 on tip member 16. The up member
16 has a slightly smaller diameter than the body 14
wherebyv the distal end 18 extends over the outside of 35
the up member 16.

Also, an annular groove 26 1s provided on tip member
16 for receiving a mating annular rib 27 on the inside of
the distal end 18 of the tubular body 14 for holding the
tip member 16 to the body 14. As shown. the ip mem- 40
ber 16 has a central bore 28 which extends therethrough
to communicate with the central passage 24 in the tubu-
lar body 14,

At the proximal end 20 there 1s a2 *'Y "~ shaped fitting
29 made of polvcarbonate or other suitable biocompati- 4S§
ble material and having a straight through passage 30
and a branch passage 31. The wire conductor 22 passes
through central passage 24 into the fitting 29 and
through branch passage 31. A grommet 32 1s located n
passage 31 for positioning wire 22 and for preventing 50
flow of fluid through branch passage 31.

At both ends of the fitting 29 there are counterbored
recesses to receive therein the proximal end 20 of the
catheter 14 near to proximal end 20. Similarly, a tube 34
fits inside and extends from the opposite end of fitting 55
29(away from the catheter 14) to deliver flushing fluid
to or carry resolved debris away from the distal end 18.

A Bovie “Specialist” 75 watt E-S, Electro-Surgery
Unit or similar Valleylabs unit can be used for the
power supply.

The device 10 i1s used for ablating arteriosclerotic
plagues, clots, etc. from viscera by supplying. to a site of
plaque buildup. for example, a high-frequency. high-
voltage current. Suction or irrigation can be applied to
the straight passage 30 of the fitting 29 for removing 65
debris during the ablating procedure.

In FIG. 2 is illustrated another embodiment of the
plaque resolving or tssue eroding device of the present

10

60
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invention which i1s generallyv identified by the reference
numeral 40. The device 40 also i1s adapted to e inserted
along the lumen of a blood vessel and manipulatable
therethrough to a position of atherosclerotic plaque or
tissue buildup.

The device 40 includes an elongate hollow tubular
body or catheter 44 made of an insulating material such
as polyvtetrafluoroethvlene sold under the trademark
TFE TEFLON TM and a tip member 46 made of a
modified stainless steel hypodermic tubing and mounted
to distal end 48 of the elongate tubular bodv 44. The up
member could also be made from platinum, tantalum.
aluminum or any other bio-compatible metal. Similarly
some ultra thin insulating layers can be used, such as
ceramic metal oxides or plastic over metal, for capaci-
tivelyv coupling electrical energy to tissue. The metal up
member 46 is a monopolar eiectrode which supphes the
electric current to the plaque or tissue buildup.

The device 40 further includes a high-frequency,
high-voltage electrical power supply (not shown) cou-
pled 1o proximal end 50 of the tubular body 44 and more
specifically to proximal end §1 of wire conductor 52.

Preferably. the wire conductor 52 15 welded at is
distal end 53 to the hollow metal tip member 46. The
wire conductor 52 extends within a lumen 54 between
the power supply and the tip member 46.

The tubular body 44 1s made of a plastic, such as
TEFLON 1™, a material which is suitable for intravas-
cular use, which provides maximum flexibility so as to
permit manipulation of the device 40 through a blood
vessel to a desired position therein and which can with-
stand the high temperatures and voltage gradients
briefly generated during the flow of the high-frequency,
high-voltage cutting currents.

The external and internal diameters of the tubular
body 44 are sufficient to provide flexibihty and ade-
quate strength. Typically the tubular body 44 has a
diameter approximately one third (}) the diameter of
the blood vessel within which 1t 15 inserted.

As shown, the tip member 46 has an annular end edge
86 designed for coring. The tip member 46 is of smaller
diameter than the catheter 44 whereby the distal end 48
of the catheter 44 extends over part of the outside of the
tip member 46. Two circumferential grooves 38,60 are
formed on the inside wall of catheter 44 for receiving
mating annular ribs 62,64 on the outside of the tip mem-
ber 46 for connecting the tip member 46 10 the body 44.

The tip member 46 has a central bore 66 which ex-
tends therethrough to commumcate with the central
lumen 54 in tubular body/catheter 44.

At the proximal end 50 of the catheter 44, a *'Y"
shaped fitting 68 having a straight through passage 70
and a branch passage 72 is bonded onto the proximal
end of the catheter 44. The wire conductor 52 passes
through central lumen 54 into the fitting 68 and through
branch passage 72. Suction applied to a tube 78 con-
nected to the proximal end of fitting 68 will draw off
debris resolved by the tip member 46.

The operation of device 40 i1s similar to that described
in connection with device 10 of FIG. 1 in terms of the
power supply used and the procedure for use. It should
be appreciated, however, that the construction of FIG.
2 can function at high power levels because of the use of
a TEFLON T™M catheter 44.

The inside diameters of lumen 84 and fitting passage
70 are substantially the same in the device 40 so that
accumulation of debris therein is minimized. Also, the
suction tube 78, which can be made of TGGON T™
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plastic tubing. 1s of larger inside diameter and 1s re-
ceived over the proximal end of fitting 68. either di-
rectiv or by means of a quick-connecting fitting.

The passage 72 can be closed with a seal grommet, 1f
desired. or can be used for delivening flushing fluid to
the tip member 46 in between applications of suction to
fitting 68

Referring now to FIG. 3. there 1s illustrated another
plague and tissue resolving device constructed accord-
ing to the teachings of the present invention and gener-
ally identified by reference numeral 80. The device 80 15
adapted 1o be inserted in and along the lumen of a blood
vessel and 1s manipulatable therethrough to a position of
atherosclerotic plaque or tissue buildup. The device 80
includes an elongated hollow tubular body or catheter
84 made of an insulating matenal such as RTV silicone
rubber or thermoplastic material which 1s resistant to
the effects of high temperature and 15 very flexible. A
first electrode forming hollow meital tip member 86 is
mounted to the distal end of an insulative sleeve or
spool 88 made from a relatively high temperature di-
electric material, such as alumina. ceramic or poivimide
polymer. This insulating sleeve 88 1s bonded inside a
secondary sleeve electrode 90. The conductive hollow

tip member B6 is separated {from the secondary sleeve 2

electrode 90 by the insulatuing spool 88. In use, elecinc
current ss applied 10 the plaque or tissue buildup across
or between the electrodes 86 and 90.

The device 80 further includes a high-frequency.
high-voliage electric current power supply (not shown)
similar to power supplies referred to above.

Wire conductors 92 and 94 are connected respec-
tively to electrodes 86 and 90 through openings in the
insulating spaol B8 and the catheter 84 and extend there-
from through a hollow center lumen 96 of the catheter
84 10 the high-frequency. high-volhtage power supply.
Alternauvely, the conductors 92 and 94 can be con-
tained within subsidiary lumens in the catheter body 84.
These subsidiary lumens are not shown for clanty. but
their incorporation may be preferable when 11 15 desired
to increase the separation of the two conductors 92.94.
In order 10 provide the subsidiary lumens for the two
conductors 92 and 94. 1t is, of course, necessary to re-
duce the diameter of the primary lumen 96. Thus, a
compromise is established between electrical character-
tstics and flushing efficacy which must be optimized for
each specific application of the device 80. Even though
the device 80 includes bipolar electrodes 86 and 90. the
operation of the device 80 is substantially the same as
the operation of the devices 10 and 40.

The tubular body 84 1s preferably made of a silicone
rubber, a material which is suitable for intravascular use
and which provides extreme flexibility so as to permit
manipulation of the device BO through a blood vessel
along for instance a guide wire (not shown) to a desired
posiion.

Alternative maternials, such as high-temperature ther-
moplastic fluorocarbon polymers (e.g. ethvlene-
chlorinated tetrafluoroethylene or fluorinated ethylene-
propylene) may also be used for the catheter body 84.
The external and internal diameters of the catheter
tubular body 84 are sufficient to allow extreme flexibil-
ity and yet have adequate strength. The guide wire
would be non-conductive and of small diameter to pre-
vent interference with the electrodes.

The tip member 86 may be positioned against an area
of atherosclerotic plaque or tissue buildup during the
insertion process of the device 60. The tip member 86
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has a curved or bevelled forward edge 98. The elec-
trodes 86 and 90 are insulated from each other by insula-
tive spool 88. As shown, the tip member 86 1s generally
cup-shaped and has a central distal opening 99 which
extends bevond the insulating spool 88 and communi-
cates with a central passage 102 within spool 88. The
passage 102 communicates through spool 88 to the
lumen 96 of catheter 84

A "Y' or trident shaped fitting can be connected to a
proximal end (not shown) of catheter 84. The wire
conductors 92 and 94 extend from electrodes 86 and 90
through central lumen 96 for connection to a high-fre-
quency, high-voltage power supply (not shown).

In operation, the bipolar electrodes 86 and 90 of the
device 80 will conduct current to and from an area of
plague or nissue buildup which is eroded by the current.
Any debris from this procedure then can be removed
along lumen 96 by means of suction apphed 1o the prox-
imal end of the catheter 84. In use. the catheter might be
introduced into the vessel and directed past the area of
atherosclerotic plaque: the catheter would then be with-
drawn through the plague while suction 1s apphed to
the lumen 96 of the catheter and while high-voltage.
high-frequency current 1s applied to the electrodes 86
and 90 to reduce and resolve the narrowing of the ar-
terv caused by the presence of the plaque. Alterna-
tively. the catheter may be advanced through the
plague while suction and high-voltage, high-frequency
current are applied. as described above for device 10.

In FIG. 4 there is illusirated another embodiment of
the device of the present invention which is generally
identified by reference numeral 110 and which includes
an elongate hollow tubular body or catheter 114 made
of a flexible insulating material. such as descnibed
above. and a hollow metal tip member 116 mounted to
a support 118 which in turn, 1s mounted to a distal end
120 of the elongate tubular body 114. The metal up
member 116 15 a monopolar electrode which supphes
electric current to an area of plaque or tissue buildup.
The device 110 is powered by a high-frequency. high-
voltage power supply coupled to a proximal end (not
shown) of the tubular body 114.

At least one insulated wire conductor (not shown) 1s
connected to and extends from the hollow metal up
member 116 through a hollow center lumen 122 of the
catheter 114 to the high-frequency, high-voltage power
supply (not shown).

Alternanively. the wire conductior may extend from
the proximal end of the catheter to the distal electrode
tip member 116 by means of a secondary small lJumen in
the body or catheter 114, thus preventing fouling of the
central lumen 122 bv the conductor and protecting the
conductor. The support 118 is an insulator and prefera-
bly 1s constructed of glass or ceramic to withstand any

' heat generated at the electrode tip member 116.

The catheter/tubular body 114 i1s made of polymeric
material which is suitable for intravascular use and
which provides maximum flexibihty so as to permit
manipulation of the device 110 through a blood vessel
to a desired position in the blood vessel. The external
and internal diameters of the tubular body 114 are suffi-
cient to permt flexibility and strength and also permit
adequate flow.

The tip member 116 1s hollow mushroom-shaped, or
[a] hollow stove pipe hat shaped with a bore 124
therethrough. A cap portion 126 1s rounded or bevelled
at 1ts outer radius as indicated at 128, and a stem portion
£1307] 729 extends into the interior of the tubular in-
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sulator/support 118. The bore 124 communicates with
the central lJumen 122 1n the tubular body 114.

A A’ or trident-shaped fitting can be connected to
the proximal end (not shown) of the catheter body 114.

In use. the device 110 functions as a monopolar elec-
trode similar to the electrodes 16 and 46 in the devices
10 and 40. The glass or ceramic support 118 i1s advanta-
geous because of its high insulative propernes and heat
resistance.

Also. it provides a structure on the end of the flexible
thin-walled hollow polymeric tubular body 114 for
mounting and carrying the tip member 116.

One preferred embodiment of a device constructed
according to the teachings of the present mnvention 1s
tllustrated 1in FIGS. 5-9 and 1s generally 1dentified
therein by reference numeral 130. The device 130 1n-
cludes a catheter or elongate tubular body 131 having a
distal end 132, a proximal end 133. a central lumen 134
and first and second radiallyv outwardlyv located lumens
135 and 136. The catheter 131 1s preferably made of
polvurethane. The distal end 132 has an 1solation collar
137 made of a high-melung point plastuc such as. but not
hmited to. stlicone. TFE  (tetrafluoroethylene).
polyphenvlenesulfide. or ceramic or glass. mounted
thereto. Mounted to and within the collar 137 1s a hol-
low metal ip member or electrode 138 made of stainless
steel. platinum, ttantum or similar electrode materal.

As shown, the metal up member 138 1s fully received
within a countersunk cavity 139 in the collar 137 and
has a bore 140 which mates with. and 1s flush with. a
bore 141 in the collar 137. An annular front surface 142
of ip member 138 1s flush with a front surface 143 of the
collar 137 which surface 143 has a bevel or round 144 at
1ts Jargest radius. The bore 141 mates with and 1s flush
with the central lumen 134

The lumen 135 opens onto outer cvlindrical surface
1435 of body 131 at a port 146 1n the distal end 132 just
behind collar 137. Flushing flmd. such as deionized
water, is supplied to the lumen 135 through a connector
fhitting 147 made of polvcarbonate and a tube 148 made
of polvurethane coupled at an angle to the proximal end
133 of the tubular body 131 as shown. The coupling of
tube 148 10 the catheter body 131 mayv also be accom-
phshed by means of a bonded or molded-on plastc
connector, not shown.

Another fitting 149 and tubing 150 are coupled at an
angle to the proximal end 133 of the tubular body 131
and communicate with lumen 136 which together form
a passageway for a wire or ribbon conductor 151 made
of copper, silver, nickel or other suitable electrically
conductive matenal.

The conductor 131 extends to and into the collar 137
and 1s soldered or welded at 152 to the tip member 138.
The tubing 1S0 may alternatively be connected to the
body 131 by a separate part as described for tube 148.

A connector 154 made of polycarbonate 1s coupled
axially to the proximal end 133 of the tubular body 131
which 1s received 1n a cavity 155 1n the connector 154.
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The connector 154 has a central lumen 156 mating with 60

and flush with the lumen 134. The proximal end of
connector 154 may contain a tapered connection open-
ing such as a standard Luer taper socket.

In use. a negative pressure or suction is applied to the
connector 154 for withdrawing debris from a blood
vesse] while an electric current 1s apphed to plaque or
tissue by the device 130, which can be referred to as an
electrosurgical catheter.

65
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Also 1n use. a heavily insulated guidewire or stylet
157 1s passed through the lumen 134 which has a diame-
ter approximately one-half (1) the diameter of tubular
body 131 for stiffening the device 130 and for guiding
the tip member 138 to a desired site in a blood vessel.
The guidewire 187 may have a metal core 138 sur-
rounded by a thick laver of insulating material 189 such
as silicone or polvtetrafluoroethylene.

The device 130 is a unipolar device, and the return
current path for this device i1s provided by a plate-like.
dispersing electrode (not shown) which 1s usually
placed onto a large, flat skin area on the patient, such as
the thigh or belly.

In FIG. 10 1s 1llustrated an axial cross-sectional view
of another device 160 constructed according to the
teachings of the present invention. More particularly. a
distal end portion of the device 160 1s shown in FI1G. 10.
Here. a tubular body 161 having a distal end 162, a
central lumen 163, a flushing lumen 164 with an outlet
port 165 and a conductor-carrying lumen 166 has a
collar 167 mounted to the distal end 162 with a up elec-
trode 168 mounted in the collar 167 and a second nng
electrode 170 mounted around the distal end 162 of the
body 161 and spaced between the port 165 and the
collar 167. Preferably, as shown. the ring or band elec-
trode 170 1s recessed in the body 161 so that outer sur-
face 171 thereof is flush with outer surface 172 of the
body 161.

For this bipolar device 160, two insulated wire con-
ductors 173 and 174 are received in the lumen 166 and
welded or soldered respectively. to electrodes 168 and
170 at 175 and 176. It mayv be more desirable, however,
to provide separate conductor-carrying lumens to bet-
ter insulate the conductors 173 and 174 from each other
to minimize the possibility of a short circuit between
them.

It will be understood that, 1n use of the device 160,
current will flow between the electrodes 168 and 170
through plaque or tissue buildup that it is desired to
remove. Owing to the smaller tissue-contact area of the
tip electrode 168 compared to that of the band electrode
170. the electrosurgical action will be concentrated at
the tip electrode, resulting 1n a coring or ablatve re-
moval of tissue or plaque.

Other electrosurgical catheter embodiments are
shown in FIGS. 11, 12 and 13 In FIG. 11, a radial
cross-section of one electrosurgical catheter device 180
1s shown. Here, two semi-cylindrical tip electrodes 181
and 182 are mounted within an insulative collar 183 and
face each other across a central lumen 184 in the collar
183. Insulated wire conductors 185 and 186, welded or
soldered to the respective electrodes 181 and 182, ex-
tend rearwardly into a wire-carrying lumen 187. Again,
if desired. separate wire-carrying lumens can be pro-
vided. The cross-section shown in FIG. 11 1s similar to,
and is, taken along a similar section line as [is]. the
cross-section shown in F1G. 8. Through the use of this
configuration, bipolar electrosurgical currents can be
created directly at the catheter distal tip without the
need for a secondary band electrode, and eliminating
the need for a patient dispersive plate.

FIG. 1215 an end view, similar to the end view shown
in FI1G. 9, of another electrosurgical catheter device 190
which has a flushing lumen 191 extending in a tubular
body and end collar 192 straight through to. and open-
ing onto, a front surface 193 of the collar 192 radially
outwardly from a front surface 194 of up electrode 195
and a central lumen 196. The flushing lumen 191 then
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opens closer to the opening of the central suction lumen
196 at the very up of the device 190 Alternatively, the
single flushing lumen 191 mayv branch to several outlet
openings at several circumferential positions at the up
of the catheter. resulung in a more uniform supply of
flushing hiquid.

F1G. 1315 a sectional view, similar to the view shown
in FIG. 7. of still another electrosurgical device 200
which has eccentrically located lumens 201, 202 and
203 1n a tubular body 204, lumen 201 being a suction
lumen 201. lumen 202 being a flushing lumen 202. and
lumen 203 being a wire carrving lumen 203 which
carries a wire conductor 208.

The eccentric locating of the lumens 201-203 pro-
vides 2 more compact tubular body 204 with a smaller
diameter than if the lumens 201-203 were located 1n the
manner shown in F1G. 7.

FIGS. 14,15 and 16 illustrate three waveforms 21, 212
and 213 of the high-frequency. high-voltage electrical
current that s applied by the device
30.40.80.110.130.160. 180.190 or 200. A pure cut sine
waveform 18 shown in FIG. 14 and two coagulation
mode waveforms having high power pulses are shown
in FIGS. 15 and 16. The Bovie “specialist”™ ElectroSur-
gery power supply unit can be used and has 75 watt
capabibty but higher voltage power supplies may be
necessary in certain circumstances An oscillator circunt
is used to generate the high-frequency waveforms.

As shown in FIG. M4, the sine waveform 21 15 used
for cutting and 1s svmmetrical about its center and rela-
tive 1o s peaks. This form of elecincal power 1s effec-
tive to resolve matenal buildup by achieving a clean
cuthing acuon.

The coagulation mode waveforms 212 and 213 have
spurts of high sinusoidal power pulses separated by no
pulses and are generated by an oscillator including a
solid state switching device. The coagulation mode
waveforms 212 and 213. having definite pulses of high
power, allow higher peak electrical power to be applied
while bmiting the average electrical power: by so do-
tng. 1t 1s possible to apply the high power levels neces-
sary to ablate insulative plaque deposits without causing
excessive heating to nearby tissues or to the catheter
iself. The waveform 213 differs from waveform 212 by
having high amphitude current peaks with a smaller
duty cvcle, 1.e., a longer ime period between each spurt
of pulses. The high-frequency. high-voltage, low-duty-
cycle waveform 213 includes shorter spurts of pulses of

high power at high-frequency separated by longer peri- s

ods of no power. As explained, this type of power out-
put i1s particularly useful in creating localized. superfic-
1al ablation while reducing the damage to underlying
tissue. Electrical waveforms of this very low-duty-
cycle type cannot be produced by standard electrosur-
gical generators. A specialized generator of simlar
design is needed for the production of this type of elec-
trical current.

In use. one of the electrosurgical catheter devices
10.40,80,110.130,160,180,190 or 200 1s inserted into the
appropriate blood vessel. Under fluoroscopic control,
the catheter 10 or 40,80,110,130,160.180,190.200 1s ad-
vanced over the guidewire 157 to the lesion or area of
atherosclerotic plague buildup which has caused steno-
sts of the blood vessel.

As the catheter 1s advanced, deionized water or a
non-conducting solution is flushed through one of the
flushing lumens. This lumen is also used for injecting a
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radio-opague dve into the blood vessel a1 the site of
stenonic buildup to confirm proper catheter placement.

In addition. or alternatively, impedance measure-
ments across the electrodes of the device can be made
using a low-voltage DC current to determine. by the
magnitude of the impedance. the amount of plague
buildup between the electrodes.

The catheter is then advanced while a high-fre-
quency, high-voltage current. either pure sine wave
(211) or periodic pulses (212 or 213). is supplhed inter-
mitiently to the electrodes. Typically. the frequency
will be between 0.5 and 20 megaheriz and the voliage
will have a magnitude or several hundred volts.

Preferably, alternaung “coring” and "measuring™ Is
performed. In this respect, the “coning’™ high voliage.
high-frequency current is applied for a short time per-
iod followed by application of low-voltage DC current
for measuring impedance related to the amount of
builldup remaining.

It will be appreciated that by simultaneous controlled
movement of the catheter and controlied intermittent
application of high-voltage, high-frequency and alter-
nate impedance measuring. the catheter, in effect,
“cores’’ through the stenotic area 1o create a lJumen of
known diameter. At the same time, flushing fluid as well
as suction s supplied to the site of coring to wash away
and then evacuate any debris.

Confirmation of complete plaque or tissue removal 1s
determined by injection of radio-opaque dve into the
vessel at the site during X-ray visuahzation of the
“cored” vessel: or 1t 1s determined by impedance mea-
surements.

A variety of devices, 10,40.80.110.130.160,180.190
and 200 have been described and explained herein for
use 1n resolving plaque or eroding tissue 1n blood ves-
sels. These devices 10.40.80.110.130.160.180,190 and
200 have application in connection with not only re-
solving plaque, but also in connection with clearing
hepatic and bile ducts and hver tissue in general where
hepatic flow must be corrected. Similarly. such devices
10.40.80.110.130.160.180.190 and 200 can be used to
revascularize and smooth muscle coring 1n cardiac
revasculanzation,. and in other procedures such as, for
example. the ablation of: a) ectopic foci. in treatment of
tachycardia, or b) removal of ussue 1in the central ner-
vous svstem of carcinomas, without damage to sur-
rounding tissue. Skilled artisans will know that any of
the devices 10.40.80,110.130.160.180.190 and 200 de-
scribed above can be modified by combining portions
thereof with other structural arrangements as disclosed
herein.

Accordingly, the devices 10.40,80,110,130,160,180,
190 and 200 can be modified without departing from the
teachings of the present invention and 1t 1s to be under-
stood that the scope of the invention is only to be lim-
ited as necessitated by the accompanying claims.

We claim:

1. An electrosurgical plaque-resolving or tissue-erod-
ing device having a distal end which is insertable within
and along the lumen of a blood vessel and [ manipu-
lated } manipulatable therethrough to a desired position
without causing undue trauma where the device 1s oper-
ated to thermally resolve atherosclerotic plaque builldup
or erode tissue in the blood vessel 10 re-establish desired
blood flow through the blood vessel or to remove tissue
therefrom, said device comprising: an elongate flexible
hollow tubular body having a distal end. a proximal
end. and a diameter smaller than the diameter of the
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vessel into which said device 1s inserted: first passage
means within said tubular body for supplving a flushing
fluid to the site where plaque or ussue is resolved or
eroded: second passage means within said tubular body
for evacuating. such as bv suction. debris at the site of
resolving plaque or eroding tissue from the site; a hol-
low up member mounted at said distal end of said flexi-
ble hollow tubular body: an electrode adjacent to and in
operative association with said hollow tip member for
resolving plague or eroding tissue, said tip member
being beveled or rounded at the distal end of said de-
vice. means for supplying a high-frequency electrical
current to said electrode for cutting tissue or coagulat-
ing body fluid: and means for sensing. from time to time,
the amount of plaque or tissue at the site in the blood
vessel.

2. The device of claim 1 wherein said hollow tip
member 1s an electrode.

3. The device of claim 2 wherein said hollow tup
member is made of stainless steel.

4. The device of claim 2 wherein said electrode has
the shape of a stove pipe hat having s top removed.
with the brim shaped portion of said electrade being at
the distal end of said device.

3. The device of claim 2 wherein said electrode 1s an
unobstructed ring electrode positioned within said first
passage means of the hollow tip member. a distal end of
said ring electrode being flush with the end of said up
member.

6. The device of claim 2 wherein said electrode has
the shape of a hollow mushroom including a head
which 1s situated at the distal end of the device.

7. The device of claim 2 including an electrical insula-
tor which has a high temperature melting point and
which connects said tip member electrode to said tubu-
lar body.

B. The device of claim 7 including a ring electrode
between said electncal insulator and said tubular body
to form said device as a bipolar device.

9 The device of claim 7 wheremin said insulator s
made of a maternal selected from the group consisting of
glass, ceramic. fluorocarbon polymers, polytmide poly-
mers and polyvphenylene sulfide.

10. The device of claim 7 wherein said insulator has
an mwardly stepped formation and said electrode 1s cup
shaped. with a portion of its bottom removed, and is
attached 1o a distal end of said electrical insulator with
the cup walls surrounding said stepped formation.

11. The device of claim 1 wherein said electrode is
covered with an ultra thin layer of insulation on the
surface thereof which contacts the plaque or tissue
buildup.

12. The device of claim 1 wherein said hollow tubular
bodyv is made of silicone rubber.

13. The device of claim 1 wherein said hollow tubular
body is made of polyurethane.

14. The device of claim 1 wherein said hollow tubular
body is made of polytetrafluoroethylene.

15. The device of claim 1 wherein said hollow tubular
body is made of a polymeric substance capable of resist-
ing softening during resolving.

16. The device of claim 1 wherein said hollow tip
member is made of aluminum.

17. The device of claaim 1 wherein said hollow tip
member 1s made of tantalum.

18. The device of claim 1 wherein said hollow tip
member i1s made of platinum.
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19. The device of claim 1 wherein said high-voliage.
high-frequency current supply means 1s capable of gen-
erating a pulsed current waveform having an intermit-
tent group of pulses separated by periods of no current
and being adapted for use in a coagulation mode of
operation of said device.

20. The device of claim 19 wherein said pulsed cur-
rent waveform has high voltage peaks and a low duty
cycle.

21, The device of claim 1 wherein said high-voltage.
high-frequency, current supply means 1s capable of
generating a current waveform having a pure sine
waveform.

22. The device of claim 1 wherein said high-voltage 15
several hundred volts.

23. The device of claim 1 wherein said high fre-
quency is between 0.5 1 and [20]} & megahertz.

24. The device of claim 1 wherein said sensing means
further includes radio-opaque dye and X-ray viewing
means, said radio-opaque dye being injected into the
blood vessel at the site and the X-ray image showing the
amount of plaque remaiming being displaved on said
viewing means.

25. The device of claim 1 further including a third
passage means for carrying at least one conductor.

26. The device of claim 2§ wherein said passage
means are arranged with their axes contained within the
diameter of said tubular body.

27. The device of claim [217] 25 wherein said pas-
sage means are arranged with their axes eccentric of the
axis of said tubular body.

28. The device of claim 25 wherein said first passage
means opens onto a cylindrical side wall surface of said
tubular body at a location adjacent said up member.

29. The device of claim 28 wherein said first passage
means extends through said tip [memeber] member
and opens onto a front end surface of said tip member.

30. The device of claim 2§ including a second elec-
trode at the distal end of said tubular body.

31. The device of claim 30 wherein said tip member 15
made of a relatively high temperature resistance insula-
tive matenal, said first electrode i1s mounted in said up
member and has an electrode surface on the distal end
thereof. and said second electrode 1s a ring or sleeve
electrode on said tubular body and located adjacent but
rearwardly of said tip member.

32. The device of claim 30 wherein said tip member 1s
made of a relatively high temperature resistance 1nsula-
tive material, and said first and second electrodes are
semi-cylindrical in shape and are positioned [with said
tip member ] facing each other across the axis of said tip
member.

33. The device of claim 30 including a fourth passage
means for carrying a second wire conductor therein for
connection to said second electrode.

34. The device of claim 2§ including a trident struc-
ture at the proximal end of said tubular body, said tri-
dent structure having three legs each of which has a
passageway communicating individually with a respec-
tive one of said passage means in said tubular body.

3§5. The device of claim 25 including a stiffening wire
which extends through said first passageway for stiffen-
ing said tubular body.

36. The device of claim 1 including a collar at said
distal end of said device, said collar having a bore
therein and a countersunk formaton in said bore, a front
flat surface and an outer generally cylindrical surface.
said electrode being fully received within said counter-
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sunk formation. having a bore therethrough which
mates with and 1s flush with said bore of said collar. and
having an annular front surface which is flush with said
front surface of said collar, and said collar being bev-

16

vessel. and means for supplyving a high-frequency electrical
current to said electrodes for cutting plague. which high
frequency can extend up to 20 megaheri:.

41. The electrosurgical plaque-eroding device of claim

eled or rounded between the front surface and the outer § 40 wherein said means for withdrawing material which

surface.

37 The device of claim 1 wherein said sensing means
includes means coupled to said electrode. for measuring
the i/mpedance between said electrode through the

collects ar said 1ip member distal end and said means for
supplving flushing fluid 10 said tip member distal end are
both definvd by the inner lumen of the tubular body and
the axial passageway through the hollow tip member which

plagque or tissue buildup and a current return path. the 10 provide passage means for withdrawing material which

impedance measured being directly related to the
amount of plaque or tissue buildup at the site.

38. The device of claim 37 wherein said impedance
measuring means include means for supplying a low
voltage DC current to said electrode for making the
impedance measurement.

39 A cardiovascular thermal ablation device having
a distal portion which 1s insertable into and along a
lumen of a blood vessel to a desired position against an
area of atherosclerotic plaque buildup or like obstruc-
tion within the lumen of the vessel without undue
trauma. said device having means for thermally resolv-
ing the area of obstruction within the vessel and having
means for removing resolved tissue from the area of
thermal ablation. said device further comprising an
elongate flenible hollow tubular body having a distal
end and a proximal end: a hollow tip member mounted
at said distal end of said flexible hollow tubular body: at
least one electrode adjacent to and in operative associa-
tion with said hollow up member for resolving plaque
or eroding tissue. said tip member being beveled or
rounded at said distal end of said device: means for
supplving electrical current to said electrode: means for
sensing, between penods of applhication of electrical
current to said electrode. the amount of plague or ussue
remaining to obstruct the site in the blood vessel by
measuning the impedance of the plague [of]) or ussue:
means for supplving fluid to, or for supplying suction
from. the site including at least one channel extending
through said flexible hollow tubular body and tip mem-
ber, and said device having at least one further channel.
at least one wire conductor in said further channel ex-
iending proximally from said at least one electrode to
said proximal end of said device and means for connect-
ing said conductor to a source of high frequency electri-
cal current.

40. An elecirosurgical plagque-eroding device having a
distal end which is insertable within and along the fumen
of a blood vessel and manipulatable therethrough without
causing undue trauma to a desired position where the
device is operated 1o thermally erode atherosclerotic plague
buildup in the blood vessel to reestablish desired blood flow
through the blood vessel said device comprising: an elon-
gate flexible hollow tubular body having an inner umen, a
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collects at said tip membcer distal end and for supplying
flushing fluid to said tip member distal end.

42 A cardiovascular thermal ablation device having a
distal portion which is inseriable into and along a lumen of
a blood vessel without causing undue trauma io a desired
position against an area of atherosclerotic plaque buildup
or like obstruction within the lumen of the vessel, said
device having means for thermally resolving the area of
obstruction within the vessel, said device further comprising
an elongate flexible hollow tubular body having an inner
lumen, a distal end and a proximal end: a hollow tip mem-
ber mounted to said distal end of said flexible hollow tubu-
lar body having a disial end and a proximal end. and
having an axial passageway therethrough communicating
said tip member distal end with said lumen of said hollow
tubular body: means for withdrawing material which col-
lects at said 1ip member distal end; means for supplying
flushing fluid 1o said tip member distal end, said means for
thermally eroding plague including an electrode assembly
adjacent to and in operative association with said hollow tip
member and including two electrodes for eroding plague;
said tip member being beveled or rounded at said distal end
of said device; means for supplying high frequency electri-
cal current to said electrodes, which high freguency can
extend up 10 20 megahertz; and means for sensing. between
periods of application of electrical current to said elec-
trodes, the amount of plague remaining at said position by
measuring the impedance through the plague between said
twa electrodes.

43. The electrosurgical plaque-eroding device of claim

2 wherein said means for withdrawing material which
collects at said 1ip member distal end and said means for
supplying flushing fluid to said tip member distal end are
both defined by the inner lumen of the tubular body and
the axial passageway through the hollow tip member which
provide passage means for withdrawing material which
collects at said tip member distal end and for supplying
flushing fluid to said tip member distal end

44. An elongate electrosurgical plaque-eroding device
having a distal end which Is insertable within, through and
long the lumen of a blood vessel without causing undue
trauma to the blood vessel to a desired position where the

device is operated to thermally erode atherosclerotic plague
buildup in the blood vessel 1o re-establish desired blood

distal end. a proximal end. and an outer diameter smaller 55 flow through the blood vessel, said device comprising: an

than the diameter of the vessel into which said device Is
inserted. a hollow tip member mounted at said distal end of
said flexible hollow tubular body, having a distal end and
a proximal end, and having an axial passageway there-
through communicating said tip member distal end with
said lumen of said hollow tubular body, means for with-
drawing material which collects at said tip member distal
end: means for supplying flushing fluid to said tip member
distal end: an electrode assembly adjacent to and in opera-

60

elongate flexible body having an inner lumen, a distal end,
a proximal end, and an outer diameter smaller than the
diameter of the vessel into which said device is inserted; a
tip section at said distal end of said elongate flexible body
having a distal end and a proximal end, and having an
axial passageway therethrough communicating said tip
section distal end with said lumen of said hollow tubular
bodyv: means for withdrawing material which collects at
said tip section distal end; means for supplying flushing

tive association with said hollow tip member and including 65 fluid to said tip section distal end. an electrode assembly

first and second electrodes for thermally eroding plague.
said tip member being beveled or rounded at the distal end
of said device 10 facilitate insertion thereof into a blood

adjacent to and in operative association with said tip section
and including first and second electrodes for thermally
eroding plague, said tip section being rounded at the distal



Re. 33,925

17

end of said device to facilitate insertion thereof Into a blood
vessel, and means coupled 10 said electrodes for suppiving
a high-frequency electrical current ro said electrodes for
cutting through said plague, which high frequency can
extend up to 20 megaheri:.

45 The electrosurgical plague-croding device of claim
44 whoerein said means for withdrawing material which
collects at said tip section distal end and said means for
supplyving flushing fluid to said tip section distal end are
both defined by the inner lumen of the rtubular body and
the axial passageway through the hollow tip section which
provide passage means for withdrawing material which
collects ar said tip section distal end and for supplying
Sflushing fluid to said tip section distal end.

46. A cardiovascular thermal ablation device having a
distal porrion which is insertable into and along a lumen of
a blood vessel without causing undue trauma to a desired
position against an area of atherosclerotic plague buildup
or ltke obstruction within the lumen of the vessel. said
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mal end. and having an axial passageway therethrough
communicating said tip section distal end with said lumen
of said hollow tubular body; means for withdrawing mate-
rial which colfects ar said tip section distal end; means for
supplying flushing fluid 1o said tp section distal end: said
means for thermally eroding plaque including an electrode
assembly adjacent 1o and in operative association with said
distal end of said device: means coupled 10 said electrodes
Jor supplying high frequency electrical current to said elec-
trodes. which high frequency can be up to 20 megahertz,
and means for sensing, between periods of application of
electrical current to said electrodes. the amount of plaque
remaining at said position by measuring the impedance
through the plague between said two electrodes.

47. The electrosurgical plaque-eroding device of claim
46 wherein said means for withdrawing material which
collects ar said tip section distal end and said means for
supplying flushing fluid to said tip section distal end are
both defined by the inner lumen of the tubular body and

device having means for thermally resolving the area of 20 the axial passageway through the hollow tip section which

obstruction within the vessel, said device further comprising
an elongate flexible body having an inner lumen, a distal

provide passage means for withdrawing material which
collects at said tip section distal end and for supplying

end and a proximal end: a tip section at said distal end of  flushing fluid 10 said tip section distal end

said elongare flexible bodv having a distal end and a proxi-
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