
;~e3enlk\| 6TlKv mm~dnuiAn , "Ma2n=~z i~t~essn ,~~ BACKGROUND OF THE
INVENTIO The invention relates generally to a method and appa>~tus for
applying energy to shrink a hollow anatomical structure such as a vei>~;
and more 5 particularly, to a method and apparatus using an electrode
device having multiple leads for applying said energy. The human venous
system of the lower limbs consist:~sssentially of the superficial venous
system and the deep venous system with perforating veins connecting the two
systems. The superficial system includesa the long or great 10 saphenous
vein and the short saphenous vein. The deep venous system includes the
anterior and posterior tibial veins which unite to form thc~popliteal vein,
which in turn becomes the femoral vein when joined by the ~ ~ ort saphenous
vein. The venous system contains numerous one-way valve ,Nfor directing
blood flow back to the heart. Venous valves are usually bicuspid valves)
with each cusp 15 forming a sack or reservoir for blood which, under
retrograde blood pressure) forces the free surfaces of the cusps together
to prevent retrograde flow of the blood and allows only antegrade blood
flow to the heart. W~~ an incompetent valve is in the flow path) the valve
is unable to close because~,~the cusps do not form a proper seal and
retrograde flow of the blood cannot b~ stopped. When a 20 venous valve
fails, increased strain and pressure occur withi>~ .the lower venous
sections and overlying tissues, sometimes leading to addition~t~ valwlar
failure. Two venous conditions which often result from valve failure i to
varicose veins and more symptomatic chronic venous insufficiency. ' The
varicose vein condition includes dilation and tortt~sity of the 25
superficial veins of the lower limbs, resulting in unsightly di~Goloration)
pain, swelling, and possibly ulceration. Varicose veins often involve
incompetence of one or more venous valves ) which allow reflux of blood
with the superficial system. This can also worsen deep venous reflux and
perforator reflux. Current   11 March 2002 2 treatments of vein
insufficiency include surgical procedures ~pch as vein stripping ligation,
and occasionally, vein-segment transplant. Ligation involves the
cauterization or coagulation of vascular lumina using electrical energy
applied through an electrode device. An ectrode device is 5 introduced into
the vein lumen and positioned so that it conta~.ts the vein wall. Once
properly positioned, RF energy is applied to the electric~de device thereby
causing the vein wall to shrink in cross-sectional diameter. :~A reduction
in crosssectional diameter) as for example from 5 mm (0.2 in) to 1 I~ (0.04
in)) si ificantl reduces the flow of blood throu h the vein gn y g
and~esults m an effective f. 10 ligation. Though not required for effective
ligation, the veii~~ wall may completely collapse thereby resulting in a
full-lumen obstruction that blacks the flow of blood through the vein. One
apparatus for performing venous ligation includ ~~~ a tubular shaft having
an electrode device attached at the distal tip. Runnirthrough the shaft, ,
I S from the distal end to the proximal end, are electrical leads. ~ ~ ~At
the proximal end of the shaft, the leads terminate at an electrical
connector, vile at the distal end of the shaft the leads are connected to
the electrode device. ~"he electrical connector provides the interface
between the leads and a poor source, typically an RF generator. The RF
generator operates under the gui ~ttce of a control 20 device) usually a
microprocessor. ~ . 



The ligation apparatus may be operated in either a m~opolar and bipolar
configuration. In the monopolar configuration, the electrod~i.device
consists of an electrode that is either positively or negatively charged. A
~~ turn path for the ., , current passing through the electrode is provided
externally ~ ~ om the body, as for 25 example by placing the patient in
physical contact with a lad low-impedance pad. The current flows from the
ligation device to the low ~pedance pad. In a bipolar configuration, the
electrode device consists of a pait~~f oppositely charged electrodes
separated by a dielectric material. Accordingly ) ~`~1 the bipolar mode,
the return path for current is provided by the electrode devi~b itself. The
current ~.   3 11 March 2002 flows from one electrode, through the tissue)
and returns byway of the oppositely charged electrode. To protect against
tissue damage; i. e. , charring, due ~0 cauterization f- . caused by
overheating, a temperature sensing device is attacn~d to the electrode 5
device. The temperature sensing device may be a thermocouple that monitors
the temperature of the venous tissue. The thermocouple interfaods with the
RF generator and the controller through the shaft and provides e~~ctrical
signals to the i controller which monitors the temperature and adjusts the
ent~gy applied to the tissue, through the electrode device, accordingly. 10
The overall effectiveness of a ligation apparatus is lamely dependent on
the electrode device contained within the apparatus. Monopolar:~~d bipolar
electrode devices that comprise solid devices having a fixed shape and:gize
Iimit the effectiveness of the ligating apparatus for several reasons.
Fl1'stly) a fixed-size electrode device typically contacts the vein wall at
only one [ pint on the 15 circumference or inner diameter of the vein wall.
As a resin t, the application of RF energy is highly concentrated within
the contacting venom tissue) while the flow of RF current through the
remainder of the venous tissud is disproportionately weak. Accordingly, the
regions of the vet wall near the point of contact collapse at a faster rate
then other regions of the vpf n wall ) resulting in 20 non-uniform
shrinkage of the vein lumen. Furthermore) the overall strength of the
occlusion may be inadequate and the lumen may eventually reopen. To avoid
an inadequate occlusion RF energy must be applied for an ex~t~nded period
of time. Application of RF energy as such increases the tempet~ture of the
blood and usually results in a significant amount of heat-induced c
~~'gulum forming on 25 the electrode and in the vein which is not
desirable. Secondly, the effectiveness of a ligating apparatus hav~jng a
fixed electrode device is limited to certain sized veins. An attempt to
ligate I~, vein having a diameter that is substantially greater than the
electrode devica;can result in not only non-uniform shrinkage of the vein
wall as just describec~~but also insufficient 30 shrinkage of the vein. The
greater the diameter of the vein r~Xative to the   



4 11 March 2002 diameter of the electrode device, the weaker the energy
applied to the vein wall at points distant from the point of contact.
Accordingly the vein wall is likely to not completely collapse prior to the
venous tissue becoming ovex cauterized at the point of electrode contact.
While coagulation as such may in~'~ially occlude the 5 vein, such occlusion
may only be temporary in that the coagulated blood may I eventually
dissolve and the vein partially open. One solution far this inadequacy is
an apparatus having interchangeable electrode devices with various
diameters. Such a solution, however, is both economically inefficient and
tedious to use. Hence those skilled in the art have recognized a need for
an expandable 10 electrode device and a method capable of evenly
distributing ~F energy along a circumferential band of a vein wall where
the vein wall is great~~ in diameter than the electrode device, and thereby
provide more predictable and effective occlusion of veins while minimizing
the formation of heat-induced coagulum. The invention fulfills these needs
and others. 15 I SUMMARY OF THE INVENTION Briefly, and in general terms,
the present invention provides an apparatus and method for applying energy
along a generally circumferenfital band of a vein wall. The application of
energy as such results in a more uniform and predictable 20 shrinkage of
the vein wall. In one aspect of the invention, an apparatus for deliveri~t~
energy to ligate an anatomical structure comprises a catheter having a
sheath, a working end, and an opening formed at the working end of the
catheter; an inner-member disposed within the sheath such that the inner
member and the sheath ar~ capable of being 25 moved relative to one
another; a plurality of leads, each lead hp~wmg a distal end, the plurality
of leads being coupled with the inner member shah that the distal ends of
the plurality of leads extend out of the opening at the forking end of the
catheter when the position of the sheath changes in one directls~n relative
to the inner member, each lead being formed to move the distal end away
from a 30 longitudinal axis defined by the sheath when the plurality of
leis are extended   5 ' 11 March 2002 out the opening; wherein the distal
ends of the leads are cori~gured to deliver energy to the anatomical
structure. In another aspect of the invention, the apparatus includes a
secondary lead having a secondary distal end. The secondary lead is coupled
with the inner 5 member such that the distal end of the secondary lead is
extended out of the opening at the working end of the catheter when the
position o~ the inner member changes in one direction relative to the
sheath. In another aspect of the invention, the distal ends of the leads
are electrically connected to a power source such that the polarity o~ each
lead can be 10 switched. Where there is a secondary lead electrode, the
plural~ty of leads can be connected to the power source such that the
polarity of the leans can be changed independently of the polarity of the
secondary lead. In another aspect, the leads include primary leads which
generally surround the secondary lead at the working end of the catheter.
~'he distal ends of 15 the primary leads are located between the distal end
of the sec i~dary lead and the inner member. In yet another aspect, the
invention comprises an apparatus for ligating a hollow anatomical
structure, comprising a catheter having a sheath and a working end, wherein
a tip, a port and an opening are located at the vszoxking end of the 20
catheter, and the port is in fluid communication with a lumen; a balloon
located at the working end of the catheter, wherein the port is located
between the balloon and the tip; an inner member disposed within the sheath
such that the inner member and the sheath are capable of being moved
relative to one another; a plurality of leads, each lead having a distal
end, the plurality of leads being 25 coupled with the inner member such
that the distal ends of the plurality of leads become extended out of the
opening at the working end of thef f~atheter when the sheath is moved
relative to the inner member, each lead bein~ formed to move the distal end
away from a longitudinal axis defined by the sheath when the plurality of
leads are extended out the opening; wherein the distal end of each I 30
lead is capable of delivering energy to the anatomical structure.; , In
another aspect of the invention, an apparatus for wigating a hollow
anatomical structure, comprising a catheter having a sheath and a working
end, wherein a tip and a port are located at the working end of the
catheter, and the   i 6 ~ 11 March 2002 



port is in fluid communication with a lumen; a balloon located at the
working end of the catheter, wherein the port is located between the
balloon and the tip; a plurality of bowable arms, each arm having a
section, wherein the arms being capable of moving the sections away from
the catheter and toward anatomical 5 structure; a plurality of electrodes,
wherein at least one electrode is located on the section of at least one
arm, and wherein the electrode is capable of delivering energy to the
anatomical structure. In another aspect of the invention, external
compassion is used to initially force the wall of the vein to collapse
toward the cathet~~. The application 10 of energy molds the vein to durably
assume the collapsed state initially achieved mechanically by the external
compression. A tourniquet can be' used to externally compress or flatten
the anatomical structure and initially reduce the diameter of the hollow
anatomical structure. The pressure applied by tl~e tourniquet can
exsanguinate blood from the venous treatment site, and pre I~~lape the vein
in 15 preparation to be molded to a ligated state. An ultrasound window
formed in the tourniquet can be used to facilitate ultrasound imaging of
the arl~tomical structure being treated through the window. In yet another
aspect of the invention, a balloon is provided to occlude the vein before
the application of energy, such that the need for an external 20
compression by a tourniquet is not required to stop blood flov~i~: This
also allows the vein to be occluded even for the deep veins where a
compressive tourniquet may not be able to compress the vein to occlusion.
In yet another aspect of the invention, a flexible covering, relatively
impermeable to fluid, spans the area between the leads along Itl~e
circumference 25 of the catheter when the leads are extended out, such that
tha webbed covering E blocks blood flow within the vein.   7 11 March 2002
In yet another aspect of the invention, a flexible balloon-like covering is
located on the catheter, having openings to the concave side axtd a convex
side facing the working end of the catheter. The covering fill% with blood
and expands. When the covering balloons out to the diameter of the vein,
blood flow 5 is stopped. In yet another aspect of the invention,
mechanically blpcking blood flow with the catheter is combined with
infusion of a high-impedance fluid. The fluid may also be an anticoagulant.
The fluid displaces any remainij~g blood from the I venous treatment site
and prevents energy from being dissipatl~d away from the 



10 vein which is in apposition with the electrodes. These and other aspects
and advantages of the present invention will become apparent from the
following more detailed descriptipn, when taken in conjunction with the
accompanying drawings which illustrate, by way of example, embodiments of
the invention. 15 BRIEF DESCRIPTION OF THE DRAWIN~S FIG. 1 is a diagram of
an energy application systeu~n with a partial cutaway view of a catheter
showing both the working end and the connecting end and incorporating a
preferred embodiment of the present invent~vn; 20 FIG. 2 is a
cross-sectional view of the working end of a~ vrst embodiment of a catheter
in accordance with the invention depicting the electrodes in a fully
extended position; FIG. 2a is an end view of the working end of the first
~rnbodiment of the catheter taken along line 2a--2a of FIG. 2; 25 FIG. 3 is
a cross-sectional view of the working ~ end of the first r embodiment
depicting the electrodes in a fully retracted positioin; FIG. 4 is a
cross-sectional view of the working end of a-second catheter in accordance
with principles of the invention depicting the electrodes in a fully
extended position;   8 11 March 2002 FIG. 4a is an end view of the second
embodiment of~~lle invention taken along line 4a-4a of FIG. 4; FIG. 5 is a
cross-sectional view of the working end of the second embodiment of the
catheter of FIG. 4 depicting the electrodes in a fully retracted f. 5
position; FIG. 6 is a cross-sectional view of an anatomical strupture
containing the catheter of FIG. 2 with the electrodes in apposition with
the tomical structure; FIG. 6a is an end view of the anatomical structure
co paining the catheter taken alon line 6a-6a of FIG. 6' g , 10 FIGS. 7a
through 7c are cross-sectional views of the ~atomical structure containing
a catheter in accordance with the first embodimer,~t of the invention and
depicting the anatomical structure at various stages of ligatio~; 



FIG. 8 is a cross-sectional view of an anatomical stru~~ure containing a
catheter in accordance with the second embodiment of the ir~i~~ntion as
depicted in, 15 FIG 4; FIG. 8a is an end view of the anatomical structure
co~~ining the catheter taken along line 8a-8a of FIG. 8; and FIGS. 9a and
9b are cross-sectional views of the anatcal structure containing the
catheter in accordance with the second embod~nent of the invention 20 and
depicting the anatomical structure at various stages of li I ~ Lion; FIG.
10 is a cross-sectional view of the workin end f a third embodiment g of a
catheter in accordance with the invention depicting the e~~trodes in a
fully I extended position; FIG. 10a is an end view of the working end of
the thi~~t embodiment of the 25 catheter taken along line 10a-10a of FIG.
10; FIG. 11 is a cross-sectional view of the working end p~ the third i
embodiment depicting the electrodes in a fully retracted posil~n; FIG. 12
is a cross-sectional view of an anatomical strture containing the f.'
catheter of FIG. 10 with the electrodes in apposition with thak'~natomical
30 structure;   ' 11 March 2002 FIG. 13 is .a cross-sectional view of the
anatomical scture containing the catheter of FIG. 10 where the anatomical
structure is being ~~gated by the application of energy from the
electrodes; FIG. 14 is a cross-sectional view of an anatomical stcture
containing the 5 catheter of FIG. 10 with the electrodes in apposition with
the anatomical structure where external compression is being applied to
reduce the diameter of the hollow structure before the application of
energy from the electrode to ligate the structure; i FIG. 15 is a side view
of another embodiment of an ~~ectrode catheter 10 having a balloon and a
coaxial fluid channel; FIG. 16 is a partial cross-sectional view of the
balloon and -catheter of FIG. 15; FIG. 17 is a cross-sectional view of an
anatomical s I~ cture containing another embodiment of the catheter having
a balloon and bo~l~rable arms with 15 electrodes; FIG. 18 is a side view of
another embodiment of an ~Iectrode catheter having a covering spanning the
splayed leads of the electrodes extended out the catheter; and FIG. 19 is a
side view of another embodiment of an ~tectrode catheter 20 having a
balloon and a coaxial fluid channel; FIG. 20 is a side view of another
embodiment of an t~ectrode catheter I having a balloon and a coaxial fluid
channel; FIG. 21 is a partial cross-sectional side view of anot~~r
embodiment of an electrode catheter having an expandable section; and 25
FIG. 22 is a partial cross-sectional side view of the bodiment of an
electrode catheter of FIG. 21 in an expanded condition. 



D TAILED DESCRIP O OF T BO S Turning now to the drawings with more
particularity~~vherein like 30 reference numerals indicate like or
corresponding elements 4among the figures,   11 March 2002 10 r shown in
FIG. 1 is a catheter 10 for applying energy to an ~ttatomical structure
such as a vein. The catheter 10 includes an outer sheath 124~aving a distal
orifice 14 at its working end 15. The connector end 17 of the out ~ sheath
12 is attached to a handle 16 that includes an electrical connector 18 for
i ~~ , rfacing with a power 5 source 22 icall an RF enerator and a micro
rocessorntroller 23. The tYP Y g ~ P 10 15 20 25 30 power source 22 and
microprocessor 23 are usually contain~i in one unit. The -controller 23
controls the power source 22 in response to eternal commands and f, data
from a sensor) such as a thermocouple, located at an itluminal venous
treatment site. In another embodiment) the user can select ;constant power
output so that automated temperature control is not present end the user
can manually adjust the power output in view of the temperatur~~on a
display readout. i. The catheter 10 includes an expandable electrode device
24 ~artially shown) that moves in and out of the outer sheath 12 by way of
the dista~ prifice 14. The electrode device includes a plurality of
electrodes which caybe expanded by moving the electrodes within the shaft,
or by moving the outer shaft relative to the electrodes. Although FIG. 1
illustrates a plurality of electrIies surrounding a single central
electrode) different electrode configurations v~l~',Ih be described for the
catheter. Contained within the outer sheath 12 is an inner sh ~ ~ 28 or
inner member. A fluid port 21 communicates with the interior o .'the outer
sheath I2. The catheter IO can be periodically flushed out with saline ough
the port 21. The flushing fluid can travel between the outer sheath and
tinner sheath. The .; port also allows for the delivery of drug therapies.
Flushin ~ out the catheter prevents the buildup of biological fluid) such
as blood, with the catheter 10. The treatment area of the hollow anatomical
structure such ~~ a vein can be flushed with a fluid such as saline, or a
dielectric fluid) in Wider to evacuate blood from the treatment area of the
vein so as to prevent the forrtion of coagulum or thrombosis. The use of a
dielectric fluid can minimize uninded heating effects away from the
treatment area. The dielectric fluid prevent: the current of RF energy from
flowing away from the vein wall. I   ' 11 March 2002 11 In one embodiment,
the catheter 10 includes a lumen,~hich begins at the distal tip of the
outer sheath 12 and runs substantially along ,~e axis of the outer _ ~
sheath 12 before terminating at the guide-wire port 20 of th~~handle 16. A
guide i wire can be introduced through the lumen of the catheter 10=~'or
use in guiding the 5 catheter to the desired treatment site. Where the
catheter is i~ized to treat smaller veins, the outer diameter of the
catheter may not allow for a~~luid flush between 



the outer sheath 12 and the inner sheath 28. However, a flue flush can be
introduced through the lumen for the guide wire in such an ~tnbodiment.
Referrin now to FIGS. 2, 2a, 3, 4, 4a and 5 the o ~ ~ r sheath 12 includes
g , l~ 10 a shell 44 and a tip portion 46. To provide an atraumatic tips
~~or the catheter 10 as it is manipulated through the vein) the tip 46 is
preferably tapered inward at its distal end or is "nosecone" shaped. The
tip 46, however, caj~;have other shapes that facilitate tracking of the
catheter 10 over a guide wire ~athrough the bends in the venous vascular
system. The nosecone-shaped tip 46 Ice) for example, be 15 fabricated from
a polymer having a soft durometer, such as 70 Shore A. The shell 44
comprises a biocompatible material having a low co~'Picient of friction. In
one configuration) the outer sheath 12 is sized to fit withi~ a venous
lumen and for example may be between 5 and 9 French, which corresp ~ ids to
a diameter of between 1.7 mm (0.07 in) and 3.0 mm (1.2 in)) or other siz~,
as appropriate, 20 The electrode device 24 contains a number of leads,
i~Eluding insulated primary leads 30 and) in some embodiments, a secondary
le~~, 31. Preferably, the leads are connected to the power source 22 (FIG.
1) such th~~ the polarity of the leads may be switched as desired.
Alternately) a microproc ~ ~sor controller can be used to switch the
polarity, as well as control other characte ~$tics of the power 25 for the
electrode device. Thus the electrode device can opet~~te in either a
bipolar or a monopolar configuration. When adjacent primary leads~~0 have
opposite polarity the electrode device 24 operates as a bipolar electro I I
~ device. When the primary leads 30 are commonly charged the electrode
device ~24 can operate as a monopolar electrode device. When the primary
leads 30 ark; ~eommonly charged) 30 and a secondary lead 31 has an opposite
polarity, the electrode device 24 operates   12 ~y 11 March 2002 as ~a
bipolar electrode device. The embodiment of the inve~~ion shown in FIGS.
and 3 depict an electrode device 24 having four primary leS 30 and a
secondary lead 31, while the embodiment of the invention shown in F~~S. 4
and 5 depict an electrode device 24 having only four primary leads. The irf
lrpntion is not limited 5 to four primary leads 30; more or fewer leads may
be used ~~ either embodiment. The number of leads can be dependent on the
size or diameter of the hollow anatomical structure to be treated. The
apposed electrodes could be kept within certain distance of one another.
Larger vessels may require xl~tore primary leads tc ensure proper current
density and proper heat distribution. 10 The insulation on each of the
leads 30, 31 may be retl'toved at the distal en< 32, 33 to expose the
conductive wire. In the first configura~Ion as shown in FIGS. 2) 2a, and 3)
the electrode 34 has a hemispherical sh ~ . In a second confi uration the
electrode can have either a enerall s h 1 ha a or a s o0 g , g y p tic s p
p n shape. As shown in FIGS. 4) 4a and 5) the electrodes have~~~ spoon
shape which 15 can be combined to form a sphere or other shape so as to
m~imize its profile when the vein collapses. The electrodes 34 are either
integly formed at the distal end 32, soldered) or otherwise formed to the
distal end of each primary lead 30. It is to be understood that when the
distal end 32 is refed to as acting as an electrode, this is not limited to
where the electrode 34 is intr orally formed at the 20 distal end 32. For
example) the distal end can apply energy ~ ~o the surrounding tissue where
there is an electrode integrally formed at the d'~jtal end, or where an
electrode is separately soldered to the distal end) or where ~ re is
another energy delivery device located at the distal end. The electrode 34
~ ically has a diameter greater than the diameter of the primary lead 30. r
example, the 25 primary lead 30 may have a diameter ranging from 0.18 mr~
(0.007 in.) to 0.28 mm (0.011 in. ) ) while the electrode 34 has a diameter
of 0. ~~ mm (0.014 in. ) to 0.51 mm (0.020 in.). The primary leads 30 and
the electr ~ s 34 are preferably ,., made from a biologically-compatible
material such as stainl ' ~ s steel. The insulation surrounding the primary
leads 30 generally has a .~ ickness of between 30 0.03 mm (0. 001 in. ) and
0.06 mm (0.0025 in. ), resulting in a combined lead   13 , 11 March 2002 5 



10 15 20 25 30 insulation diameter of between 0.23 mm (0.009 in. ) and 0.
4~~ . mm (0.016 in. ). In an alternate configuration, as shown in FIGS. 2
and_3) each-~;~imary lead 30 is strip-shaped with a width from 0.76 mm
(0.03 in.) to 1.0 (0.04 in) and a thickness of approximately 0.13 mm (0.005
in. ), while the ~~Condary lead 31 is typically tubular-shaped. It should
be noted that these dime~le~ions are provided for illustrative purposes,
and not by way of limitation. A hemispherical electrode 34 is shaped at the
distal end) as for example, by sanding d ` n a sixteenth-inch ( 1.6 mm)
diameter sphere which is soldered to the distal en Q32 of the primary lead
30. The electrodes can also be constructed by stampin~ ;the desired shape
or configuration from the conductive lead. The electrode is integral with
the lead) and the remainder of the lead is insulated. The distal end 3 :'Qf
the secondary lead 31 preferably includes a generally spherically-shaped
electr ~ ~ 35. An alignment device 36 arranges the leads 30, 31 su , that
they are mounted to the catheter at only their proximal ends and~so tlt
separation is maintained between the leads within, and distal to the
align~er~t device. The leads can form cantilevers when mounted on the
alignment c~vice. A preferred configuration of the alignment device 36
includes a plurality'_~ 'f off center, axiallyaligned lumina 38 which are
substantially symmetrically posioned relative to the axis of the alignment
device 36. The alignment device 36 is~~ormed, for example) by extruding the
plurality of axially-aligned lumina 38 throu~t a solid cylinder composed of
a dielectric material ) such as polyamide. Each dad 30 passes through an
individual off center lumen 38 and exits out the >~~r of the alignment
device 36. The alignment device 36 may further include a tral lumen 48 that
may be aligned with the axis. In some embodiments the ceral lumen 48 is
used for accepting a guide wire or for the delivery or perfusion
olt~edicant and cooling solution to the treatment area during application
of lenergy. In other embodiments, the central lumen 48 may be used for the
sec ~'tlary lead 31. The ali nment device 36 ma also further include an
auxilia linen 47 for additional g Y ry leads, such as the leads of a
thermocouple used as a temperare sensor. The alignment device 36 comprises
a dielectric material to prever~,t or minimize any   1 ~' 11 March 2002 4
coupling effect the leads 30, 31 may have with each other a~~, if present,
the guide wire. The length of the alignment device is, for exa ~~le) 12.5
mm (0.5 in.) to 19.0 mm (0.75 in.) in one embodiment. However, a dimensions
are provided for purposes of illustration and not by way of limition. 5 In
the embodiment of the invention shown in FIGS. ~f 2a and 3, the inner
sheath 28 is attached to the alignment device 36 and extend~-~tleyond the
rear 37 0~ the alignment device. Preferably, the inner sheath 28 comp~~tely
surrounds the exterior wall of the alignment device 36 and is mounted to
i~jby adhesive or press fit or in other manner such that it remains in a
fixed position relative to the inner 10 15 20 



25 30 sheath. The inner sheath and alignment device can act as a i inner
member relative to the outer sheath. The inner sheath 28 comprises ~t
~biocompatible material with a low coefficient of friction. The inner shea
a;~8 provides a pathway for the interconnection between the leads 30, 31 a
'the electrical connector 18 (FIG. 1). This interconnection may occur in fy
of several ways. The leads 30) 31 themselves may be continuous and run
theptire length of the inner sheath 28. In the alternative (not shown), the
positivr charged leads 30, 31 may couple with a common positively charged
conducto ~ oused in the inner sheath 28. Likewise, the negatively charged
leads 30) 31 i~r couple with a common negative conductor. Preferably) the
leads 30, 31 a connected to a conductor that allows for the polarity of the
leads to be swi ~ted. The conductor may comprise, for example) a 36 gauge
copper lead with a 4 ' lyurethane coating. The coupling may occur at any
point within the inner shea ~ 8. To reduce the amount of wire contained in
the catheter, it is advantageous ~ t couple the leads 30) 31 at the point
where the leads exit the rear 37 of the aI ' ent device 36. i; , To add
further stability to the electrode device 24, it is pref ~ ; , ed that
bonding material 40 surround the leads 30) 31 at the front end of th
t~~lignment device 36. In this embodiment, the leads 30, 31 exit through
the distal ~ifice 14 as the outer ~i sheath 12 is retracted backwards over
the alignment device 16. The inwardly tapered tip 46 impedes the retracting
movement of the oute ~~eath 12 to prevent I the exposure of the alignment
device 36.   15 ;~ 11 March 2002 FIG. 3 shows the leads 30 and 31 in the
retracted po ~ ~Qion where all leads ,; are within the nosecone-shaped tip
portion 46 and the outer ~ 'ell 44. The alignment device 36 has been moved
relative to the outer sh ~~~ 44. The soft nosecone provides an atraumatic
tip for when the catheter isaneuvered through 5 the tortuous venous system.
The electrode at the distal end Q~' the secondary lead 31 can be sized to
approximately the same size as the openi ~ , ~ formed in the nosecone 46.
The nosecone forms a closed atraumatic tip t ,r~~ther with the electrode of
the secondary lead when the alignment device i `detracted into the outer
sheath of the catheter. This can present an atraumatic ,~ even where the i=
10 nosecone is not constructed from a material having a soft dumeter.
Referring now to FIGS. 4 and 5) in another embodi ~' ~ht, the alignment ;,,
device 36 is attached to the outer sheath 12 and thereby rem immobile in
relation to it. The inner sheath 28 is movably positioned at '~ rear of the
alignment device 36 and again provides a pathway for the in',- connection
between 15 the primary leads 30 and the electrical connector 18 (FIG. 1 ~,~
_ In some embodiments the inner sheath 28 contains a guide-wire tube ~_~
that runs the entire length of the inner sheath. The guide-wire tube 49 is
aligne Io communicate with the central lumen 48 of the alignment device 36
at one ~#ld and with the guide-wire port 20 (FIG. 1) at the other end. The
primary lds 30 may be 20 continuous and run the entire length of the inner
sheath 28 o~~~hey may be coupled to common leads as previously described.
The primary lea ~ ~$0 are secured to the front end 27 of the inner sheath
28) as for example with ~' potting material 50, so that the movement of the
inner sheath 28 results in a corr ~'~ ~ -onding movement ,~. of.the primary
leads 30 through the lumina 38 of the alignm device 36. In this 25
embodiment, the primary leads 30 are not secured to the aliment device 36
and in essence are free-floating leads in the axial direction. The . nmary
leads 30 travel through the alignment device 36 and exit through the ~3ta1
orifice 14 as the front end of the inner sheath 28 is moved toward the rear
37~~ the alignment device 36. ' ,   11 March 2002 16 I' , In the above
embodiments) the primary leads 30 are 'need, e. g. ( arced or bent, to move
away from each other and thereby avoid c ~ ~ tact. ~ The "distal portion"
of the primary leads 30 is the portion of the lead w ~ ~ch extends from the
front end of the alignment device 36 when the leads are full~'extended
through the 5 distal orifice 14. It is preferred that the distal portions
42 a~'~ formed to move I' radially outward from each other relative to the
axis of the a~~gnment device 36 and form a symmetrical arrangement. This is
shown in botl~~the embodiments of FIG. 2a and FIG. 4a. The degree of arc or
bend in the prin~xy leads 30 may be any that is sufficient to radially
expand the leads as they exi~.the outer sheath 12 10 through the distal
orifice 14. It is essential that the degree o~ the arc or bend be
sufficient to provide enough force so that the primary leads p expand
through blood and the electrodes 34 come in apposition with the vei ~~wall.
The electrodes are preferably partially embedded in the vein wall to assure
~tll contact. The rounded portion of the electrode is embedded into the
vein va~ll to achieve full 15 surface apposition so that the entire
uninsulated surface area~~tf the electrode is in' contact with venous
tissue for effective current distribution. ~'~e surface area of 



;, the electrodes in contact with the venous tissue preferably is
~~ttfficient to avoid a high current density which may lead to spot heating
of the v~~ous tissue. The heating effect is preferably distributed along a
circumferenti~l ~ band of the vein. 20 The apposed electrodes should be
spaced no more than 4 or ~ ,millimeters from one another along the
circumference of the vein. Thus, the ~pctrode arrangement is related to the
size or diameter of the vein being treated. ~~xher properties of the
primary leads 30, such as lead shape and insulation thicknes ''= affect the
push :, force of the lead and the degree of arc or bend must be adjud to
compensate for 25 these factors. For example, in one configuration of the
elec.de device 24, a wire having a diameter of between 0.18 mm (0.007 in)
and ~ ;.28 mm (0.011 in) with a total insulation thickness of between 0.05
mm (0.002 ` ,n) to 0.13 mm (0.005 in) is arced or bent at an acute angle to
provide suffi~~~nt apposition with the anatomical structure. It is to be
understood that these dyhensions are provided 30 for illustrative purposes)
and not by way of limitation.   ~, i I7 ~ 11 March 2002 Other techniques
for expanding the leads outwardly [~ ~ 'ce they have been extended from the
working end of the catheter may be poss` Vie. For example, the leads may be
straight but are mounted in the alignment devi:~~o at an angle such c that
they are normally directed outward. . 5 For increased appositional force,
it is preferred that ~~ primary leads 30 be strip-shaped) that is
rectangular in cross section) with di ~nsions, for example, of a width from
0.76 mm (0.030 in.) to 1.0 mm (0.039 in) ~ d a thickness of approximately
0.13 mm (0.005 in.). The rectangular cross #~ction provides increased
resistance to bending in the width dimension but ~pws bending more E, . 10
freely in the thickness dimension. This strip-shaped config ~tion of the
primary. leads 30 is shown in FIGS. 2, 2a, and 3 and provides for tn _~_
eased stability in the lateral direction while allowing the necessary
bending in the'~~dial direction. In ,. FIGS. 2) 2a) and 3) each primary
lead comprises a rectan cross section mounted in relation to the catheter
such that the thinner dtm$psion of the 15 rectangular cross section is
aligned with the direction of expsion of the lead. The leads are less
likely to bend sideways when expanded o ~`~luvard, and a uniform spacing
between leads is more assured. Uniform spacing p '~~notes uniform i heating
around the venous tissue which is in apposition withe electrodes at the
distal ends of the leads. 20 The length of the distal portion of the leads
30 also a~F~cts the configuration of the electrode device 24. The maximum
mutually opposed electrodes 34; i.e., the effective diameter device 24) is
affected by the bend degree and length of the longer the length of the
distal portion 42 the greater the 25 device 24. Accordingly) by changing
the distal portion 42 degree) the catheter 10 can be configured for use in
stntctures. Different numbers of leads 30, 31 can be employed number of
leads 30) 31 is limited by the diameter of the ce between two the electrode
al portion 42. The er of the electrode ;th and arc or bend sized anatomical
i the catheter. The lent device 36 and 



30 the number of lumina 36) 38) 47 that can be extruded throw the alignment
J 1 ;; 11 March 2002 18 ; device. In a bipolar configuration, an even
number of pri ~ leads 30 are preferably available to form a number of
oppositely charge j electrode pairs. The electrodes in apposition with the
anatomical structure shout ~' be maintained within a certain distance of
each other. In a monopolar configura ~'~.n, any number of 5 commonly
charged leads 30 can be present. In the monop~~r mode) distribution of RF
energy through the anatomical tissue is obtained by sting a return path for
current through the tissue by providing a return device ~~~~ a point
external frorr the tissue) such as a large metal pad. Now referring again
to FIG. 1, an actuator 25 contra the extension of the 10 electrode device
24 through the distal orifice 14. The actuOr 25 may take the form of a
switch, lever, threaded control knob, or other su' ~ ~ le mechanism) and .
i is preferably one that can provide fine control over the mo ent of the
outer sheath 12 or the inner sheath 28, as the case may be. In o I ~ ~
embodiment of the invention) the actuator 25 (FIG. 1) interfaces with the
~oute~~tteath 12 (FIG. 2, 2a 15 and 3) to move it back and forth relative
to the inner shea ~8. In another 71i embodiment the actuator 25 (FIG. 1)
interfaces with the i '~~ sheath 28 (FIGS. 4, -j 4a and 5) to move it back
and forth relative to the outer sh ~rh 12. The relative position between
the outer sheath and inner sheath is thus c ~' 'trolled, but other control
approaches may be used. 20 Referring again to FIGS. 2, 2a, 3) 4) 4a and 5)
the ~ , theter 10 includes a temperature sensor 26, such as a thermocouple.
The temp l _ture sensor 26 is 3; mounted in place on an electrode 34 so
that the sensor 26 i dearly or is substantially flush with the exposed
surface of the electrod ~. 4. The sensor 26 is a shown in the drawings as
protruding from the electrodes foi Clarity of illustration _ I, ~ , 25
only. The sensor 26 senses the temperature of the portion the anatomical
tissue .; that is in apposition with the exposed electrode surface. M
-ftoring the t7 . temperature of the anatomical tissue provides a good
indic ~~n of when shrinkage of the tissue is ready to begin. A temperature
sensor 26 pl pd on the electrode facing the anatomical tissue provides an
indication of when ~ inkage occurs (70 30 C or higher) and when significant
amounts of heat-induced 'pagulum may begin ~a   t; M 19 L' ~ 11 March 2002
to form on the electrodes. Therefore maintaining the temp ~ture above 70
,., , degrees Centigrade produces a therapeutic shrinkage of the tomical
structure. Application of the RF energy from the electrodes 34 is halt ~ or
reduced when the monitored temperature reaches or exceeds the specific
tempature that was r. 5 selected by the operator) typically the temperature
at which Comical tissue begins to cauterize. The temperature sensor 26
interfaces the controller 23 



t4 (FIG. 1 ) through a pair of sensor leads 45 which preferably ' n through
the auxiliary lumen 47 and then through the inner sheath 28. T ~~~ signals
from the temperature sensor 26 are provided to the controller 23 whi ~ '
controls the 10 magnitude of RF energy supplied to the electrodes 34 in
ac~"~dance with the selected temperature criteria and the monitored
temperature ~ Gther techniques such as impedance monitoring, and ultrasonic
pulse echoin n be utilized in an automated system which shuts down or
regulates the applic~ J~ of RF energy ,, from the electrodes to the venous
section when sufficient s ' ge of the vein is 15 detected and to avoid
overheating the vein. Impedance can ~' ~ used to detect the onset of
coagulum formation. f 1,_ Referring now to FIGS. 6) 6a and 7a through 7c,
in ~t operation of one 1~ embodiment of the catheter 10, the catheter is
inserted into -hollow anatomical 7 structure) such as a vein 52. The
catheter is similar to the a ~ l odiment discussed 20 in connection with
FIGS. 2 and 3. The catheter 10 further ' ~$ludes an external sheath 60
through which a fluid can be delivered to the trea ~ ~ent site. In this ;
embodiment, the fluid port (not shown) communicates with interior of the
external sheath 60) and fluid is delivered from between the real sheath 60
and the outer sheath 12. The external sheath 60 surrounds the o ' ' r
sheath 12 to form 25 a coaxial channel through which fluid may be flushed.
_ ~: Fluoroscopy) ultrasound, an angioscope imaging tec 'que) or other m
technique may be used to direct the specific placement of th ' catheter and
confirm the position in the vein. The actuator (not shown) is then o dated
to shift the outer sheath relative to the inner sheath by either retracting
outer sheath 12 30 backward or advancing the inner sheath 28 forward to
expo.the leads 30, 31 :a l i l:'   ,~ _I 11 March 2002 20 through the
distal orifice 14. As the leads 30) 31 exit the d ~ ~ 1 orifice 14, the
primary leads 30 expand radially outward relative to the ax' ' bf the
alignment device 36, while the secondary lead 31 remains substantial) ~~;
linear. The primary leads 30 continue to move outward until apposition with
the~yein wall 54 occurs ,. , 5 and the outward movement of the primary
leads 30 is impe ~~i. The primary r. leads 30 contact the vein along a
generally circumferential ~hd of the vein wall 54. This outward movement of
the primary leads 30 occur ,r~ a substantially symmetrical fashion. As a
result, the primary-lead electrod ~ 34 are substantially evenly spaced
along the circumferential band of the vein wa~'S4. The central ;, 10 lead
electrode 35 is suspended within the vein 52 without ccting the vein wall
54. `:; When the electrodes 34 are positioned at the treatmeryite of the
vein, the ;" power supply 22 is activated to provide suitable RF energy.
~~Qne suitable e, frequency is 510 kHz. One criterion used in selecting the
fruency of the energy r, . , 15 to be applied is the control desired over
the spread, includin~ ~~he depth, of the thermal effect in the venous
tissue.. Another criterion is co ~ tibility with filter ,_ circuits for
eliminating RF noise frorri thermocouple signals In bipolar operation, the
primary leads 30 are initial) ~icharged such that adjacent leads are
oppositely charged while the secondary leis electrically 20 neutral. These
multiple pairs of oppositely charged leads 3 ~prm active electrode pairs to
produce an RF field between them. Thus ) discrete fields are set up along
the circumferential band of the vein wall 54. These d ~~rete fields form a
symmetrical RF field pattern along the entire circumferentia ~ ~ end of the
vein wall 54, as adjacent electrodes 34 of opposite polarity produce ~~elds
between each 25 other. A uniform temperature distribution can be achieved '
~ ng the vein wall being treated. 



,, The RF energy is converted within the adjacent veno ; tissue into heat,
and ,_ this thermal effect causes the venous tissue to shrink) reduci ~ the
diameter of the vein. A uniform temperature distribution along the vein
wa~j being treated avoids 30 the formation of hot spots in the treatment
area while promo 3 ng controlled r, ;   4, ii ' ~ 11 March 2002 21 ,;,
uniform reduction in vein diameter. The thermal effect pro l ~ces
structural ,;a transfiguration of the collagen fibrils in the vein. The
colla ~ fibrils shorten and K thicken in cross-section in response to the
heat from the they ~~ ; I effect. As shown in FIG 7a, the energy causes the
vein wall 54 to collapse ar ~ lid the primary-lead S electrodes 34. The
wall 54 continues to collapse until furthecollapse is impeded '; by the
electrodes 34. The electrodes are pressed farther and ~rther together by ~1
; the shrinking vein wall 54 until they touch and at that point) ~ ' rther
collapse or tigation of the wall 54 is impeded. Upon collapse of the vei ~~
awall 54 around the primary-lead electrodes 34, the polarity of the
primary-lead ~ ~ ~ctrodes is switched 10 so that a11 primary-lead
electrodes are commonly charged. ~ ~ ~e switching of , ;. -, -, polarity
for the leads need not be instantaneous. The applic pn of RF energy can be
ceased, the polarity switched ) and then 1tF energy is '~ ~ lied again at
the switched polarity. The secondary-lead electrode 35 is then c1 ged so
that its ,. polarity is opposite that of the primary-lead electrodes 34.
'lte RF field is set up ,. 15 between the primary-lead electrodes 34 and
the secondary-leelectrode 35. The catheter 10 is then pulled back while
energy is a . ied to the electrode device. As shown in FIG. 7b) while the
catheter 10 is bein ~ : Iled back) the primary-lead electrodes 34 remain in
apposition with the vei ' wall 54 while the secondary-lead electrode 35
comes in contact with the portio ' ~f the vein wall 20 previously collapsed
by the primary-lead electrodes 34. Ac '~dingly, RF energy passes through
the vein wall 54 between the primary-lead el erodes 34 and the
secondary-lead electrode 35 and the vein wall continues to c Lapse around
the secondary-lead electrode 35 as the catheter 10 is being retra 2 ~ As
shown in FIG. 7c, ligation in accordance with this method results in a
_'pcclusion along a ti , 25 length of the vein 52. A lengthy occlusion) as
opposed to arcute occlusion, is stronger and less susceptible to
recanalization. A similar result is achieved when the catheter 10 hav' ~
both primary and secondary leads is operated in a monopolar manner. In a m
~; polar operation, a the secondary-lead electrode 35 remains neutral)
while the p nary leads 30 are 30 commonly charged and act in conjunction
with an independ t electrical device, ,; i L~   _l -,a 11 March 2002 22 



,, such as a large low-impedance return pad (not shown) plac ; in external
contact ,._ . with the body, to form a series of discrete RF fields: Thes
~~RF fields are substantially evenly spaced around the circumference of
therein and travel along the axial length of the vein wall causing the vein
wall to corpse around the 5 primary-lead electrodes. Upon collapse of the
vein wall, ` ~ secondary-lead electrode is charged to have the same
polarity as that of the ~~cimary-lead z electrodes. The electrode device is
retracted and the vein ~1 collapses as described in the bipolar operation.
. In either bipolar or monopolar operation the applicat~~n of RF energy is
10 substantially symmetrically distributed through the vein wale regardless
of the diameter of the vein 52. This symmetrical distribution of I: energy
increases the ,,. predictability and uniformity of the shrinkage and the
stren ~ of the occlusion. Furthermore, the uniform distribution of energy
allows for ~ p application of RF energy for a short duration and thereby
reduces or avoids tl,formation of heat 15 induced coagulum on the
electrodes 34. The leads, includi ~ ~ : the non-convex outer portion of the
electrode, are insulated to further prev ~C heating of the surrounding
blood. Fluid can be delivered before and during RF heatingf the vein being
treated through a coaxial channel formed between the extersheath 60 and the
20 outer sheath 12. It is to be understood that another lumen ' ~ ~ be
formed in the catheter to deliver fluid to the treatment site. The delivere
:fluid displaces or exsanguinates blood from the vein so as to avoid
heating an~.~oagulation of blood. Fluid can continue to be delivered during
RF treatmit to prevent blood from circulating back to the treatment site.
The delivery ofd dielectric fluid 25 increases the surrounding impedance so
that RF energy is d ~ ~Ccted into the tissue of the vein wall. .; .
Referring now to FIGS. 8, 8a, 9a and 9b, in the ope ~ tion of an alternate
embodiment of the catheter 10 that may be used with a gui;wire 53. As in
the previous embodiment, the catheter 10 is inserted into a 30 structure,
such as a vein 52. anatomical The guide wire 53 is advance~past the point
where   i 23 '=' 11 March 2002 ienergy application is desired. The catheter
10 is then inner ~~ over the guide wire 53 by way of the central lumen 48
and the guide wire tube , , (FIG. 4) and is ;! advanced over the guide wire
through the vein to the desire point. The guide wire 53 is typically pulled
back or removed before RF ener~~! is applied to the 5 electrode device 24.
The actuator 25 (FIG. 1 ) is then manipulated to eith ~ -detract the outer
sheath 12 backward, or advance the inner sheath 28 forwar i,~o expose the
leads 30 through the distal orifice 14. The leads 30 exit the dista
~~rifice 14 and expand t:_ radially outward relative to the axis of the
alignment device6. The leads 30 10 continue to move outward until
apposition with the vein wa ~ 54 occurs. The . leads 30 contact the vein
along a generally circumferential ' d of the vein wall 54. This outward
movement of the leads occurs in a substa ~~~ dally symmetrical t, .
fashion. As a result) the electrodes 34 are substantially eve ~ ~ spaced
along the circumferential band of the vein wall 54. Alternately) ttie
e~p~trodes can be ;. 15 spaced apart in a staggered fashion such that the
electrodes ~~ not lie along the ' same plane. For example, adjacent
electrodes can extend d $erent lengths from "_ the catheter so that a
smaller cross-sectional profile is achie i ~ ; when the electrodes are
collapsed toward one another. 1 ' When the electrodes 34 are positioned at
the treatme; site of the vein, the 20 power supply 22 is activated to
provide suitable RF energy ~" ~' the electrodes 34 so that the catheter 10
operates in either a bipolar or monopol '' manner as previously described.
As shown in FIGS. 9a and 9b) the energy cause 'lthe vein wall 54 to
collapse around the electrodes 34 causing the leads to subs ~ 'ally
straighten and 



F7 . the electrodes to cluster around each other. The wall 54 co ~~~ ~ nues
to collapse 25 until further collapse is impeded by the electrodes 34 (FIG.
b). At this point the application of energy may cease. The electrodes can
be co gured to form a shape with a reduced profile when collapsed together.
The ~8ctrodes can also be t configured and insulated to continue applying
RF energy a ~ forming a reduced profile shape by the collapse of the vein
wall. The cathete ~0 can be pulled back 30 to ligate the adjacent venous
segment. If a temperature sen~~r 26 is included) the   H. :a 11 March 2002
24 -, application of energy may cease prior to complete collapse the
temperature of the venous tissue rises above an acceptable level as defined
~iy the controller 23. Where the catheter includes a fluid delivery lumen
(t~~t shown), fluid can be delivered before and during RF heating of the
vein being~txeated. The fluid 5 can displace blood from the treatment area
in the vein to av~~d the coagulation of blood. The fluid can be a
dielectric medium. The fluid cac~clude an anticoagulant such as heparin
which can chemically discour ,the coagulation of blood at the treatment
site. After completing the procedure for a selected venou~~ection, the
actuator 10 mechanism causes the primary leads to return to the interio~~pf
the outer sheath 12. Either the outer sheath or the inner sheath is moved
to nge the position of the two elements relative to one another. Once the
leads 3C~~re within the outer sheath 12, the catheter 10 may be moved to
another venous ~~ction where the a_ ligation process is repeated. Upon
treatment of all venous s, the catheter 10 is 15 removed from the
vasculature. The access point of the vei ~ then sutured closed) or local
pressure is applied until bleeding is controll ' . Another embodiment of
the catheter is illustrated in Ci. 10. The inner member or sheath 28 is
contained within the outer sheath 1~: , The inner sheath is preferably
constructed from a flexible polymer such as 20 or nylon) and can travel the
entire length of the catheter. catheter should be flexible so as to
navigate the tortuous system. A hypotube having a flared distal end 33 and
a cit shape is attached over the distal end of the inner sheath 28.
preferably no more than about two to three centimeters in 1 25 acts as part
of the conductive secondary lead 31. An 1 electrode sphere 35 is slipped
over the hypotube. The hypotube prevents the electrode sphere from moving b
hypotube. The sphere is permanently affixed to the hypos soldering the
sphere both front and back on the hypotube. fide, polyethylene) ~~ majority
of the 



of the venous ~ar cross-sectional !The hypotube_ is ~lgth. , The hypotube
~~ted conductive s distal end of the the distal end of the q, such as by 30
entire surface of the spherical electrode 35 remains uninsulad majority or
the The remainder of   y ;i , 25 f . 11 March 2002 the hypotube is
preferably insulated so that the sphere-shapedistal end can act as the
electrode. For example, the hypotube can be covered wi ,an insulating
material such as a coating of parylene. The interior lumen o ,,ire hypotube
is r. lined by the inner sheath 28 which is attached to the Haired dual end
of the r. 5 hypotube by adhesive such as epoxy. Surrounding the secondary
lead 31 and sphere-shaped ectrode 35 are a plurality of primary leads 30
which preferably have a flat rec gular strip shape and can act as arms. As
illustrated in FIG. 11) the plurality ~ ~ .primary leads are preferably
connected to common conductive rings 62. This c~~figuration 10 maintains
the position of the plurality of primary leads, whit ! ~:jrducing the
number of internal electrical connections. The rings 62 are a f ' ched to
the inner sheath 28. The position of the rings and the primary leads re
~rtive to the outer ;: sheath follows that of the inner sheath. As earlier
described) a hypotube of the secondary lead 31 is also attached to the
inner sheath 28~. T ~ separate f: , 15 conductive rings can be used so that
the polarity of different ~$mary leads can be a controlled separately. For
example, adjacent primary leads c be connected to one of the two separate
conductive rings so that the adjacent ~~ds can be switched to have either
opposite polarities or the same polarity. The r ,gs are preferable spaced
closely together, but remain electrically isolated from $te another along E
20 the inner sheath. Both the rings and the hypotube are couple ~ with the
inner sheath, and the primary leads 30 that are connected to the ri ~ move
together with and secondary lead while remaining electrically isolated fom
one another. .; , Epoxy or another suitable adhesive can be used to attach
the >~gs to the inner ;. sheath. The primary Ieads from the respective
rings each alte ' `ate with each other 25 along the circumference of the
inner sheath. The insulation ng the underside of the leads prevents an
electrical short between the rings. The ring and primary leads are attached
together to a 'j ~s cantilevers where the ring forms the base and the
rectangular primary leads op ate as the cantilever arms. The leads 30 are
connected to the ring and are forme ~~O have an arc or 30 bend such that
the leads act as arms which tend to spring outardly away from the ,_ f   I.
~ ' 11 March 2002 26 catheter and toward the surrounding venous tissue.
Insula ~~n along the undersid _, of the leads and the rings prevents
unintended electrical co ding between the leads and the opposing rings.
Alternately, the leads are foxed straight and connected to the ring at an
angle) such that the leads tend t~ expand or spring 5 radially outward from
the ring. The angle at which the leaf' ~ are attached to the ring should be
sufficient to force the primary distal ends electrodes 34 throug ,, blood
and into apposition with the vein wall. Other propels of the primary leads
30) such as lead shape and insulation thickness) affec~ithe push force of
the lead and the degree of arc or bend must be adjusted to corr~'~nsate for
these 10 factors. The rectangular cross section of the leads 30 can ~' vide
increased stability in the lateral direction while allowing the necessa I i
bending in the radial direction. The leads 30 are less likely to bend
sideways w ~ ~n expanded outward, and a uniform spacing between leads is
more assured. Unibrm spacing between the leads 30 and the distal ends
promotes uniform heating ~a~und the vein by the 15 electrodes 34. 



The distal ends of the primary leads 30 are uninsula ~d to act as
electrodes 34 having a spoon or hemispherical shape. The leads can lstamped
to produce an integral shaped electrode at the distal end of the lead. Te
uninsulated outer portion of the distal end electrode 34 which is to come
into~position with the 20 wall of the anatomical structure is preferably
rounded and ~I nvex. The flattened or non-convex inner portion of the
distal end is insulated t ~~ninimize any unintended thermal effect, such as
on the surrounding bloo ~ ~n a vein. The distal ,; end electrodes 34 are
configured such that when the distal ids are forced toward ~;. the inner
sheath 12) as shown in FIG. 10a, the distal ends bine to form a 25
substantially spherical shape with a prbfile smaller than the fJ ' file for
the spherical electrode 35 at the secondary distal end. The outer sheath 12
can slide over and surround the' rimary and secondar leads 30) 31. The
outer sheath 12 includes an orifice whic ; is dimensioned to have
approximately the same size as the spherical electrod~~5 at the secondary
30 distal end which functions as an electrode. A close or snu 'fit between
the f   27 , 11 March 2002 electrode 35 at the secondary distal end and the
orifice of th ~Quter sheath IZ is ,. achieved. This configuration provides
an atraumatic tip for ' a catheter. The electrode 35 secondary distal end
is preferably slightly large~,~~han the orifice. The inner diameter of the
outer sheath I2 is approximately tl~' same as the 5 reduced profile of the
combined primary distal end electrodef' 34. The diameter of the reduced
profile of the combined primary distal end el ' ~trodes 34 is preferably
less than the inner diameter of the outer sheath. A fluid port (not shown)
can communicate with the ir~drior of the outer sheath 12 so that fluid can
be flushed between the outer sheaf 12 and the inner I. 10 sheath 28.
Alternately, a fluid port can communicate with a~entral lumen 48 in . the
hypotube which can also accept a guide wire. As previoly stated) the
catheter 10 can be periodically flushed with saline which ca~revent the
buildup of biological fluid) such as blood, within the catheter 10. Aide
wire can be introduced through the lumen 48 for use in guiding the ~eather
to the desired 15 treatment site. As previously described) a fluid can be
flush or delivered though the lumen as well. If a central lumen is not
desired, y a lumen of the hypotube can be filled with solder. Preferably)
the primary leads 30 and the connecting cgs are connected to a power source
22 such that the polarity of the leads may be~~witched as desired. 20 This
allows for the electrode device 24 to operate in either a~~iipolar or a
monopolar configuration. When adjacent primary leads 30 ve opposite
polarity) a bipolar electrode operation is available. When the prima ;leads
30 are commonly charged a monopolar electrode operation is avail ale in
combination with a large return electrode pad placed in contact with the ~
~ tient. When the ", 25 primary leads 30 are commonly charged, and a
secondary 1 " 31 has an opposite polarity ) a bipolar electrode operation
is available. More o ~' ewer leads may be used. The number of leads can be
dependent on the size or J ameter of the i: v Jhollow anatomical structure
to be treated. Although riot shown) it is to be understood that the c~heter
10 can include 30 a temperature sensor, such as a thermocouple, mounted in
ice on the distal end ~~: E ;.   J 11 March 2002 28 or electrode 34 so that
the sensor is substantially flush with ~ ~ a exposed surface of the
electrode 34. The sensor senses the temperature of the p~prtion of the
anatomical tissue that is in apposition with the exposed elect~pde surface.
Application of the RF energy from the electrodes 34 is halted or reduced
when the 5 monitored temperature reaches or exceeds the specific tempture
that was selected by the operator, such as the temperature at which
a~i~tomical tissue begins to cauterize. Other techniques such.as impedance
monitoring, and ultrasonic pulse echoing can be utilized in an automated
system which ,fg~iuts down or regulates the application of RF energy from
the electrodes tc~-;the venous section 10 when sufficient shrinkage of the
vein is detected and to avoi~ overheating the vein. Referring now to FIGS.
12 through 14, in the operat~n of one embodiment of the catheter 10) the
catheter is inserted into ~ hollow anatomical structure) such as a vein.
Fluoroscopy) ultrasound) an angi~cope imaging 



15 technique, or another technique may be used to direct and csfirm the
specific placement of the catheter in the vein. The actuator is then o.
'orated to retract the outer sheath 12 to expose the leads 30) 31. As the
outer sheath no longer restrains the leads) the primary leads 30 move
outward relate to the axis defined by the outer sheath, while the secondary
lead 31 remains sul~~tantially linear along 20 the axis defined by the
outer sheath. The primary leads 30 ~ntinue to move outward until the distal
end electrode 34 of the primary leads ~ ire placed in a ositio with the
vein wall 54 occurs and the outward mo~ ent of the rims PP n P ry leads 30
is impeded. The primary leads 30 contact the vein ~ixong a generally
circumferential area of the vein wal l 54. This outward mov +' ~ ent of the
primary 25 leads 30 occurs in a substantially symmetrical fashion so th ~
Ithe primary distal end electrodes 34 are substantially evenly spaced. The
cent ' -lead electrode 35 is suspended within the vein without contacting
the vein wall ~4, When the electrodes 34 are positioned at the treatme~
site of the vein) the power supply 22 is activated to provide suitable RF
energy. f' In a bipolar h 30 operation) the primaFy leads 30 are initially
charged such that adjacent leads are - . ~, I   i I, != ~ 11 March 2002 29
oppositely charged while the secondary lead is electrically t~ttral. These
multiple pairs of oppositely charged leads 30 form active electrode pies to
produce an RF field between them, and form a symmetrical RF field patters
.along a circumferential band of the vein wall to achieve a uniform t~' ;
perature d' ution aion the vein wall bein treated. 5 istnb g g The RF
energy produces a thermal effect which caus~ g the venous tissue to shrink,
reducing the diameter of the vein. As shown in FI ~'~13, the energy causes
,: the vein wall 54 to collapse until further collapse is impede ~ ;lay the
electrodes 34. The electrodes are pressed closer together by the shrinking
din wall. The 10 electrodes 34 are pressed together to assume a reduced
sufficiently small so that the vein is effectively ligated. Up wall 54
around the primary-lead electrodes 34, the polarity ~ ~~ electrodes is
switched so that all of the primary-lead electr charged. The secondary-lead
electrode 35 is then charged s 15 opposite that of the primary-lead
electrodes 34. Where the and the secondary electrode 35 are spaced
sufficiently close vein wall collapses around the primary lead electrodes,
the end of the secondary lead can also come into contact with tl~ wall so
that an RF field is created between the primary elect shape which is
collapse of the vein the primary-lead ~ are commonly Chat its polarity is
imary electrodes 34 gether, when the strode at the distal a portion of the
vein odes 34 and the 20 secondary electrode 35. The catheter 10 is pulled
back to ensure apposition ~x at the distal ends of the leads and the vein
wall. When the pulled back) the primary-lead electrodes 34 remain in wall
54 while the secondary-lead electrode 35 comes in co ,, 25 the vein wall
previously collapsed by the primary-lead elec passes through the venous
tissue between the primary-lead 



secondary-lead electrode 35. Ligation as the catheter is be lengthy
occlusion which is stronger and less susceptible to ~ acute point
occlusion. seen the electrodes zeter 10 is being ~n with the vein t with
the portion of les 34. RF energy ;trodes 34 and the retracted produces a
~nalization than an   30 11 March 2002 In a monopolar operation) the
secondary-lead electron, 35 remains neutral while the primary leads 30 are
commonly charged and act ii~,~onjunction with an r independent electrical
device) such as a large low-impedance~~return pad (not shown) placed in
external contact with the body, to form RFrfields substantially 5 evenly
spaced around the circumference of the vein. The thmal effect produced by
those RF fields along the axial length of the vein wall ca~j~es the vein
wall to collapse around the primary-lead electrcxies. Upon collapse ~f the
vein wall, the secondary-lead electrode is charged to have the same
polarit~'as that of the 10 15 20 25 primary-lead electrodes. The electrode
device is retracted aS~iescribed in the bipolar operation. In either
bipolar or monopolar operation the applicatij~ of RF energy is
substantially symmetrically distributed through the vein wall' As
previously described, the electrodes should be spaced no more than 4 or~S
millimeters apart along the circumference of the vein, which defines the
target; vein diameter for a designed electrode catheter. Where the
electrodes are substially evenly spaced in a substantially symmetrical
arrangement, and the spacing ~etween the electrodes is maintained, a
symmetrical distribution of RF er~~gy increases the 'predictability and
uniformity of the shrinkage and the strength of the occlusion. As shown in
FIG. 14) after the electrodes 34 come ink apposition with the vein wall
(FIG. 12), and before the energy is applied to liga~ the vein (FIG. 13), an
external tourniquet) such as an elastic compressive wrap ~,~' an inflatable
bladder with a window transparent to ultrasound) is used to ~~press the
anatomy) such as a leg) surrounding the structure to reduce ~ diameter of
the vein. Although the compressive force being applied by the t~~trniquet
may effectively ligate the vein, or otherwise occlude the vein by ttening
the vein, for certain veins, this compressive force will not fully occlude
t)vein. A fixed diameter electrode catheter in this instance would not be
effe~#Iive. The electrodes 34 which are expanded outward by the formed
leads 30 can accommodate this situation.   11 March 2002 31 The reduction
in vein diameter assists in pre-shapin 'the vein to prepare the vein to be
molded to a ligated state. The use of an ext ~. al tourniquet also i:
exsanguinates the vein and blood is forced away from the ti~atment site.
Coagulation of blood during treatment can be avoided by tl~i~s procedure.
Energy 5 is applied from the electrodes to the exsanguinated vein, a I ~
'the vein is molded to a sufficiently reduced diameter to achieve ligation.
The ex,rnal tourniquet can remain in place to facilitate healing. The
catheter can be pulled back during the applicatiqi~ of RF energy to ligate
an extensive section of a vein. In doing so, instead ~ ~ single point where
10 the diameter of the vein has been reduced) an extensive sec on of the
vein has been painted by the RF energy from the catheter. Retracti ~ ~ the
catheter in this manner produces a lengthy occlusion which is less
suscepti, a to recanalization. The combined use of the primary and
secondary electrodes ~n effectively produce a reduced diameter along an
extensive length of th~~ vein. The catheter 15 can be moved while the
tourniquet is compressing the vein,~~f after the tourniquet is removed. 



Where the catheter includes a fluid delivery lumen) quid can be delivered
f`~ to the vein before RF energy is applied to the vein. The de~vered fluid
displaces blood from the treatment site to ensure that blood is not pr~nt
at the treatment 20 site) even after the tourniquet compresses the vein.
Where the tourniquet is an inflatable bladder with a Window transparent to
ultrasound, an ultrasound transducer is used to monitor the attening or
reduction of the vein diameter from the compressive force being appl~~;d by
the inflating bladder. The window can be formed from polyurethane, o~~
stand-off of gel ,., 25 contained between a polyurethane pouch. A gel can
be ap ~ ~ god to the window to !. facilitate ultrasound imaging of the vein
by the transducer. ~:Jltrasound visualization through the window allows the
operator to to ~ ~te the desired venous treatment area) and to determine
when the vein has been a ~ ctively ligated or occluded. Ultrasound
visualization assists in monitoring ate pre-shaping of the ,. ~.   32 I 11
March 2002 vein in preparation of being molded into a ligated state by
tlthermal effect produced by the RF energy from the electrodes. After
completing the procedure for a selected venoussection, the actuator causes
the leads 30 to return to the interior of the outer sheath 12. Once the
leads r 5 30 are within the outer sheath 12, the catheter 10 may be mEtved
to another venous section where the ligation process is repeated. In
another embodiment, as illustrated in FIG. 15, a balloon 64 is located i on
the catheter, and can be inflated through ports 66 to occl~~e the vein. The
inflated balloon obstructs blood flow and facilitates the infu~n of a high
10 impedance fluid to the vein in order to reduce the occurrencl of
coagulation by directing the energy into the vein wall. The inflation of
the ~~lloon to occlude the vein before the application of energy can
obviate the use of ~e tourniquet to occlude the vein. Furthermore, this
also allows the vein to ~e occluded even for the deep veins where a
compressive tourniquet may not be able to compress the 15 vein to
occlusion. It is to be understood that other mechani ~ can be used to
expand the diameter of the catheter to create an impermeabl -: barrier that
occludes the vein. ~' Fluid 61 can be delivered after inflation of the
balloon ,64 and before the RF heating of the vein being treated through a
coaxial ch ~' I 62 formed between 20 the external sheath 60 and the outer
sheath 12. It is to be a ~lerstood that another lumen can be formed in the
catheter to deliver fluid to the t~~tment site. For example, the Lumen
through which the guide wire is passed !flay be used for the delivery of
fluid. The delivered fluid displaces or exsangui>~tes the remaining blood
from the treatment area of the vein so as to avoid hea ~ g and coagulation
of 25 blood. Fluid can continue to be delivered during RF treatmt to
prevent blood from circulating back to the treatment site. The delivery
of~,high-dielectric fluid increases the surrounding impedance so that RF
energy is ducted into the tissue of the vein wall. Less energy is used
because the energy is ~krected to the target; i.e., the vein wall, rather
than being dissipated in the blood ~ ~ Therefore, the vein 30 wall can
reach the desired temperature more rapidly than ine case where energy L I
33 11 March 2002 is permitted to reach the blood, which has a cooling
effect. additionally) blood clotting is avoided with this approach, because
the blood has ~~een replaced with another fluid such as deionized water
mixed with heparin to displace blood and prevent the formation of blood
clots. 5 A partial cross-sectional view of this embodiment is s~;pwn in
FIG. 16, where an inflation sheath 70 surrounds the external sheath 6Qi to
provide a coaxial inflation lumen 72 for the balloon 64. The inflation
lumen 7~ is in fluid communication with the ports 66. Saline or any other
suitab~ fluid can be used to inflate the balloon. 10 . As shown in the FIG.
17, in one embodiment, the bal~~on 64 can be used . m combination with
bowable members or arms 76 having ele,~trodes, where perfusion holes 78 are
formed in the catheter between the ba~~on 64 and the bowable arms 76. The
balloon 64 in this embodiment is infl~ted through a balloon inflation lumen
72. The use of bowable arms for tre I~~g veins is 15 discussed in U. S.
atent a lication serial no. 08I610 911 ~ 'ch is hereb P PP , , 1~1 Y
incorporated by reference. The arms can be constructed so ~: to spring
radially outward from the catheter, yet offer little resistance in movir~
back toward the catheter as the vein diameter is diminished to occlusion.
An f ti-coagulant or saline or a hi h-im edance fluid can be introduced or
flushecthrou h the g P g 



20 perfusion holes 78 in the catheter. As discussed earlier, the
ugh-impedance fluid forces blood away from the venous treatment area and
preve to the energy from ibeing dissipated in a more conductive medium such
as bloody  As shown in FIG. 18, in another embodiment, a flexi~l~ covering
80 is wrapped around or inside the leads 30 of the electrodes 34 to~~revent
blood flow 25 in the vein. The covering 80 spans the area between the
splied leads along the circumference of the catheter when the leads are
extended o . the opening, such th the w c verin bloc food ow within the
vein : a coverin ma be at ebbed o g ks b fl ~~'h g y thought of as webbing
or an umbrella to keep blood on one s~~ie away from the electrodes. When
the electrodes come into apposition with tt~~ vein wall) then the 30 gap,
if any) between the electrodes 34 and the covering 80 sinpuld be eliminated
or   34 ~~ 11 March 2002 i, toherwise minimized. The covering 80 should be
impermeable to fluid. Suitable materials include PET and nylon, Elastomeric
materials arg also suitable as the leads will need to move close together
as they are retracted, ,end interference with the movement of the leads as
the vein diameter is reduced b the application of 5 energy is preferably
minimized. Although this embodiment ~'s illustrated with only primary
leads) it is to be understood that this embodim~~rt is not so limited and
that a secondary lead may be included with the catheter ~~ well without
affecting the use of the covering. As with the balloon disclo~~d earlier,
the covering occludes the vein before the application of energy, such that
the need for 10 an external compressive tourniquet is not required to stop
bl~;od flow. Furthermore) this also allows the vein to be occluded even fir
the deep veins where a compressive tourniquet may not be able to compres;
,the vein to occlusion. A high-impedance fluid such as deionized water;=pr
an anti-coagulant such as heparin or saline, or both, or heparin with
deionized~~uvater may be infused 15 or flushed thorugh the perfusion holes
78 before the applicat~n of energy as well. The electrodes extend through
the shaft lumen which also act as a conduit for the fluid being flushed
through the perfusion holes 78. A sciera~li~ng fluid may also be delivered
to the venous treatment site to enhance the ligatiort, effect from the
application of RF energy. The sclerosing fluid may be added in addition to)
or in L 20 substitution of) the previously discussed fluids. In the
embodiment shown in FIG. 19, a covering 80 wing a parachute shape can be
orientated so that blood becomes trapped by th~~concave portion of the
covering and the volume of the blood maintains the deplt~~rment of the
covering. In this example) the covering is a balloon having openings 84
which 25 allow blood to gather in the balloon) and expand the halloo ~~ '
The covering 80 can be permanently attached to the catheter shaft. The
cathr can still be moved along the vein) even with the balloon in an
inflated state. In the embodiment shown in FIG. 20) the covering 8~ is
coupled to an outer cannula 82 surrounding the catheter shaft and connected
to an actuation 30 mechanism or lever.. The outer cannula 82 can be slid
alon~~;the longitudinal axis   35 ~ 11 March 2002 of the catheter to allow
one end of the parachute covering 8~ to be moved axially along the catheter
shaft. During insertion of the catheter, tl~,p movable end of the covering
is pulled away from the connecting end of the cattti~ter to collapse the
covering against the catheter. After the catheter is deliverey to the
venous 



5 treatment site) the cannula is slid toward the working end t~~teploy the
covering which then fills with blood entering thorugh the openings 8 ', ,
thereby occluding the vein. The covering expands as it fills with blood,
and then the covering comes into contact with the vein wall, the vein is
occluded. Fluid) as before) can be infused either through perfusion holes
78 or a coaxial ch~pnel. 10 , In the embodiment shown in the
cross-sectional viev~i;pf FIG. 21) the catheter 10 includes an expandable
section havin a skeletor~~90 dis osed alon a g P g portion of the working
end of the catheter. The skeleton 90~is more flexible than the surrounding
shaft of the catheter, and can be constructed from a metal or polymer
braid. A flexible membrane 92 covers the skeleton; 90, with the ends of 15
the membrane attached to the shaft of the catheter adjacent t;~~ skeleton.
The membrane is preferably constructed from an elastomeric ma~rial. As
shown in FIG 22, when the tip of the connecting end is moved towar~~the
working end of the catheter) or vice versa, the skeleton 90 is deformed and
forces the membrane 92 out into contact with the vein wall. This embodiment
dog not require a 20 separate lumen to provide an inflation fluid to a
balloon. T)~~ skeleton 90 is preferably resilient so that it returns to its
original shape on'the working end and connecting end are no longer being
forced toward one another. Mechanisms for moving the connecting end toward
the working end of the catheter for expanding the diameter of a catheter
are also discussed in U. S. patent ~ ~ ~lication serial no. 25 08/b10,911,
which has been incorporated by reference. Alt -~ ~ ugh the exapandable
section may be controlled separately from the extension of t -- elecrodes,
the expandable section can be controlled by the same mechanism; which
extends the electrodes away from the catheter. The description of the
component parts discussed ab4vp are for a catheter 30 to be used in a vein
ranging in size from 2 mm (0.08 in) to ~~ mm (0.51 in) in   _. 11 March
2002 36 to . It is to be under tood that these di si diame r s men ons do
~t limit the scope of the invention and are merely exemplary in nature. The
dinl~nsions of the component parts may be changed to configure a catheter
1~ that may used in various-sized veins or other anatomical structures. 5
Although described above as positively charged, ne ~ ~tively charged, or as
a ositive conductor or ne alive conductor these terms ar ~sed for a oses of
p g , su p rP illustration only. These terms are generally meant to refer
to different electrode potentials and are not meant to indicate that any
particular voltage is positive or negative. Furthermore, other types of
energy such as light~nergy from fiber 10 optics can be used to create a
thermal effect in the hollow tomical structure undergoing treatment. While
several particular forms of the invention have) been illustrated and
described, it will be apparent that various modifications car~~~e made
without departing from the spirit and scope of the invention. Acco ''
~ngly, it is not intended that the invention be limited, except as by the
apped claims. I   11 March 2002 37 CLAIMS An apparatus for delivering
energy to legate ar~-anatomical structure) the apparatus comprising: a
catheter having a sheath, a working end) and;g~n opening formed at 



the working end of the catheter; an inner member disposed within the sheath
su~h that the inner member and the sheath are capable of being moved
relative t~~i one another; a plurality of leads, each lead having a distal
ei~id) the plurality of I. leads being attached to the inner member such
that the distil ids of the plurality of leads extend out of the opening at
the working end of the catheter when the F position of the sheath changes
in one direction relative fo the er member) each lead being formed to move
the distal end away from a longittinal axis defined by the sheath where the
plurality of leads are extended out the opting; wherein the distal ends of
the leads are configud to deliver energy to the anatomical structure. 2 .
The apparatus of claim 1, further comprising actuation mechanism located
remotely from the working end of the catl~~ter, the actuation r .mechanism
being coupled to the sheath and the inner memberF~uch that an operator
manually controls the movement of the sheath and tl~ inner member relative
to one another. 3 . The apparatus of claim 2 , wherein the actuation
mechanism, is I. coupled to the sheath such that the sheath is moved
relative tor~the inner member.   11 March 2002 . The apparatus of claim 2 (
wherein the actui!on mechanism is . ,.. coupled to the inner member such
that the inner member is~;~noved relative to the sheath. 5 . The apparatus
of claim 1, wherein the anatoical structure is a vein, and the leads are
formed to have sufficient force to mere into apposition , with the vein
wall) and the formed leads do not have suffici~rat strength to prevent the
reduction of the diameter of the vein when energy is aped by the distal end
of the leads. C The apparatus of claim 1, further comprisin~a secondary
lead having a distal secondary end, the secondary lead being atta,ed with
the inner member such that the distal secondary end of secondary lea~;is
extended out of the opening at the working end of the catheter when the
poson of the inner member changes in one direction relative to the sheath)
whein the distal ends of the leads are located between the distal secondary
end of the~.~econdary lead and the inner member. The apparatus of claim 6 ,
wherein the leads electrically connected to a power source such that the
polarity of each lead can be switched. t; s . The apparatus of claim 6 ,,
wherein the plurali~r of leads and the secondary lead are electrically
connected to a power source h that the polarity of the plurality of leads
can be changed independently of then ~ olarity of the secondary lead. ; . 9
. The apparatus of claim 6 , , wherein. the plurali~., of leads and the
secondary lead are electrically connected to a power source) therein the
polarity of the plurality of leads can be switched to have either the safe
polarity or to r   _ f 11 March 2002 have opposing polarities for adjacent
distal ends of the leads~!$nd the polarity of the secondary lead can be
switched between having a polarit~~ ~ itnd being neutral. . 10 . The
apparatus of claim 6 . wherein the distal sl~condary end includes a
generally spherical shape having a cross-sectional ~xtnension approximately
equal to the dimension of the opening at the v~rking end of the catheter. 



11. The apparatus of claim 6 , wherein the distal ends of the leads are
configured to form a shape having a cross-sectional dimension po greater
than the dimension of the distal secondary end when the distal ends ar~i
moved toward the I' longitudinal axis defined by the sheath. . 12 . The
apparatus of claim 6 , wherein the distal e>~s of the leads are configured
to form) in combination with the secondary lead, shape having a
cross-sectional dimension no greater than the dimension of th~~distal
secondary end when the distal ends are moved toward the longitudinal ads
defined by the sheath. 13 . The apparatus of claim 6 , wherein the
~secondar, lead includes a secondary lumen and a secondary opening formed
in the dista'~~econdary end such that the secondary opening is in .fluid
communication with the condary lumen. 14 . The apparatus of claim to accept
a guide wire. 15 . The apparatus of claim ~~wherein secondary lien is
configured 6 , , wherein the distal end; of the leads each include a
rounded convex surface Which is uninst~lated.   11 March 2002 40 i i i 6 (
The apparatus of claim 1, wherein a temper~l~tre sensor is located on at
least one of the distal ends of the plurality of leads.  z'7 . The
apparatus of claim ~ s wherein the distal ~nds of the leads are arranged to
occupy a plane perpendicular to the longitudinal~~xis defined by the _ ~:
sheath. 1 s . The apparatus of claim 1, wherein the distal o~tds of the
leads are configured to form a generally spherical shape when the dist~h
ends are moved ~I toward the longitudinal axis defined by the sheath. r~ L
The apparatus of claim 1, wherein the workirl~r~ end of the catheter
includes a tip having a soft durometer, the opening being forded in the
tip. 2 0 . 'fhe apparatus of claim 1, wherein the leads a~ electrically
connected to a power source such that the polarity of each lecan be
switched. 21. The apparatus of claim 2 0 . wherein the leads a~
electrically connected to a power source such that the polarity of each le~
is the same. ~i 2 2 . The apparatus of claim 2 0 , wherein the leads a~q
electrically connected to a power source such that the polarity of a first
lid of said plurality of leads is opposite to the leads with distal ends
adjacent to this distal end of the I' first .lead. 



~i ~i 2 3 . The apparatus of claim 1, wherein a ring is atthed to the inner
member) and at least one lead of the plurality of Ieads is conn~l~ted to
the ring. v. ~I ~;l .   i 41 l ` 11 March 2002 2 4 . The apparatus of claim
2 3 ,wherein the ring 1~' conductive and I; electrically connected to a
power source so that the distal end of the one lead can deliver energy to
ligate the anatomical structure. I 2 5 . An apparatus for ligating a hollow
anatomical (structure ) comprising: a catheter having a sheath and a
working end-~~rherein a tip) a port l, and an opening are located at the
working end of the cathet~~) and the port is in fluid communication with a
lumen; I. a balloon located at the working end of the ca~_ eter, wherein
the port is located between the balloon and the tip; an inner member
disposed within the sheath si~~h that the inner member and the sheath are
capable of being moved relative I~ one another; ._ a plurality of leads,
each lead having a distal d) the plurality of leads being coupled with the
inner member such that the dis~l ends of the plurality of leads become
extended out of the opening at the orking end of the catheter when the
sheath is moved relative to the inner mem~r, each lead being i. formed to
move the distal end away from a longitudinal axis efined by the sheath when
the plurality of leads are extended out the opening; wherein the distal end
of each lead is capable d~ delivering energy to the anatomical structure. 2
6 . The apparatus of claim 2 5"wherein the anator~bai structure is a vein)
and the formed leads have sufficient force to move intopposition with the
vein wall, and the formed leads do not have sufficient streng i ~ ~~to
prevent the reduction of the diameter of the vein when ener is a, lied -1
~. the distal end of gY pp theleads. ~ 2'7 . The apparatus of claim 2 5
,further comprising secondary lead having a distal secondary end, the
secondary lead being coupl~~with tt~e inner member such that the distal
secondary end of secondary lead ~ extended out of ~i   42 ' ' 11 March 2002



the opening at the working end of the catheter when the ini!~r raember is
moved relative to the sheath) wherein the distal ends of the leads aitb,
located between the distal secondary end of the secondary lead and the
inner mat~ber. 2 s . The apparatus of claim 2'7 , wherein the leads ire
electrically connected to a power source such that the polarity of each lid
can be switched. 2 9 ( The apparatus of claim 2 ~ . wherein the plural~r of
leads and the secondary lead are electrically connected to a power source ~
~ ch that the polarity of the lurali of leads can be chap ed inde endentl
of ttte, olari of the P tY g P Y tY secondary lead. i' 3 o . The apparatus
of claim 2 ~ ,wherein the~pluralityof leads and the secondary lead are
electrically connected to' a power source, erein the polarity of~the
plurality of leads can be switched to have either the sa~~,polarity or to
have opposing polarities for adjacent distal ends of the leads) Iid the
polarity of ttie secondary lead can be switched between having a polarity
~d being neutral. '; 31. The apparatus of claim 2 ~ ,wherein the balloon ~
dudes openings exposed to the fluid in the anatomical structure, and the
ope ' ~ 8 allow fluid from the hollow anatomical structure to flow into and
expend the baboon. 3 2 . An apparatus for ligating a hollow anatomical
st~l~ture, comprising: a catheter having a sheath and a working end) wlxein
a tip and a port are located at the working end of the catheter, and the
por~~'8 is fluid communication with a lumen; a balloon located at the
working end of the catheti~t~, wherein the port is located between the
balloon and the tip; i,   iY . 43 i11 March 2002 a plurality of bowable
arms) each arm having~~~section) wherein the arms being capable of mooing
the sections away from the deter and toward the anatomical structure; a
plurality of electrpdes) wherein at least one ~ectrode is located on I. the
section of at least one arm) and I' wherein the electrode is capable of
delivering ~ergy to the anatomical structure. i, 3 3 . The apparatus of
claim 3 2 ,wherein the balloor~;lricludes openings exposed to the fluid in
the anatomical structure ) and the ope ~ ~gs allow fluid in the anatomical
structure to flow into and expand the balloon. I. 3 4 . The apparatus of
claim 3 2  wherein the anatoml structure is a vein) and ,the formed leads
have sufficient force to move into'~pposition with the vein wall) and the
formed leads do not have sufficient strengt~~ to prevent the reduction of
the diameter of the vein when energy is applied 1r the distal end of ~; the
leads. 3 5 . The apparatus of claim 3 2 . further comprising s~j least one
aperture I formed in the working end of the catheter to allow the deliver)
of fluid therethorugh. 



3 6 . The apparatus of claim 3 5 . wherein the fluid ha~:a high impedance.
3 7 . The apparatus of claim 3 5 . w>~erein the fluid inc~~tdes heparin and
water. 3 s . An apparatus for ligating a hollow anatomical stt~cture,
comprising: a catheter having a sheath) a working end, and a~ opening are
located at the working end of the catheter; ., r. a   11 March 2402 4 4 ~
,,, an inner member disposed within the sheath rich that the inner I;
member and the sheath are capable of being moved relativd; ito one another;
a plurality of leads) each lead having a distal ~lnd, the plurality of
leads being coupled with the inner member such that the di ~ ~ ends of the
I plurality of leads become extended out of the opening at th lat~orking
end of the r catheter when the inner member is moved relative to the shth)
each lead being formed to move the distal end away frora a longitudinal
axi~~defined by the sheath when the plurality of leads are extended out the
opening, the ~~distal end of each lead is capable of delivering energy to
the anatomical struott~e; a flexible, impermeable cover spanning the ar~
between the leads along the circumference of the catheter when the leads
are el~~nded out the opening) such that the cover blocks fluid flow within
the hol~w anatomical structure. . 3 9 . The apparatus of claim 3 8 .
further comprising ~C least one aperature, - - ~ ,; formed ~in the working
end of the catheter to~allow the deliver of fluid therethorugh. , i 4 0 .
The apparatus of claim 3 9 ~ wherein the fluid ha high impedance. f~ 4 i .
The apparatus of claim 3 g ~ wherein the fluid in~~t~des heparin and water.
' 4 2 . The apparatus of claim 3 8 , wherein the anatam~al structure is a
vein, and the formed leads have sufficient force to move into ~ipposition
with the vein wall, and the formed leads do not have sufficient strengtlfto
prevent the i; reduction of the diameter of the vein when energy is applied
bj~'~the distal end of the leads. I .A?.A!E.Any.A3f%.AFS.AF
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