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(57) ABSTRACT 
A catheter includes multiple primary leads to deliver energy 
for ligating a hollow anatomical structure. Each of the pri 
mary leads includes a resistive element located at the working 
end of the catheter. Separation is maintained between the 
leads such that each lead can individually receive power. The 
catheter can include a lumento accommodate a guide wire or 
to allow fluid delivery. Energy is applied until the diameter of 
the hollow anatomical structure is reduced to the point where 
occlusion is achieved. In one embodiment, a balloon is 
inflated to place the resistive elements into apposition with a 
hollow anatomical structure and to occlude the structure 
before the application of energy. The inflated balloon impairs 
blood flow and facilitates the infusion of saline, or medica 
tion, to the hollow anatomical structure in order to reduce the 
occurrence of coagulation and to improve the heating of the 
structure by the catheter. 
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SYSTEMIS AND METHODS FOR TREATINGA 
HOLLOW ANATOMICAL STRUCTURE 

RELATED APPLICATIONS 

0001. This application is a continuation of copending U.S. 
application Ser. No. 13/300,725, filed on Nov. 21, 2011, 
entitled SYSTEMS AND METHODS FORTREATING A 
HOLLOW ANATOMICAL STRUCTURE, which is a con 
tinuation of U.S. application Ser. No. 13/151,950, filed on 
Jun. 2, 2011, now abandoned, entitled “SYSTEMS AND 
METHODS FORTREATING AHOLLOW ANATOMICAL 
STRUCTURE.” which is a continuation of U.S. application 
Ser. No. 12/206.649, filed on Sep. 8, 2008, now U.S. Pat. No. 
7,955,369, entitled “SYSTEMS AND METHODS FOR 
TREATING A HOLLOW ANATOMICAL STRUCTURE.” 
which is a continuation of U.S. application Ser. No. 1 1/236, 
316 filed on Sep. 27, 2005, now abandoned, entitled “SYS 
TEMS AND METHODS FOR TREATING A HOLLOW 
ANATOMICAL STRUCTURE.” which claims the benefit of 
priority under 35 U.S.C. S 119(e) of U.S. Provisional Appli 
cation Nos. 60/613,415, filed on Sep. 27, 2004, entitled 
“RESISTIVE ELEMENT SYSTEM, and 60/701,303, filed 
on Jul. 21, 2005, entitled “RESISTIVE ELEMENT SYS 
TEM, all of which are hereby incorporated by reference in 
their entirety and are to be considered a part of this specifi 
cation. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

0002 The invention relates generally to a method and 
apparatus for applying energy to constrict and/or shrink a 
hollow anatomical structure Such as a vein, and more particu 
larly, a method and apparatus to conduct electrical current 
and/or heat to the wall of the hollow anatomical structure. 

SUMMARY OF THE INVENTION 

0003. In one embodiment, a catheter comprises an elon 
gate shaft and a resistive heating element located near the 
distal end of the elongate shaft. A temperature-sensing ele 
ment is located in proximity to the resistive heating element, 
and may be centered along the length of the heating element, 
or offset from center. The resistive heating element may com 
prise a coil, and the coil may be of a constant pitch or of a 
varying pitch. 
0004. In one embodiment, a catheter comprises an elon 
gate shaft and a resistive heating element located near the 
distal end of the elongate shaft. A sheath is slidably disposed 
on the shaft. The sheath and catheter are relatively moveable 
between a first configuration in which the sheath covers sub 
stantially all of the resistive heating element, and a second 
configuration in which the sheath covers less than Substan 
tially all of the resistive heating element. The resistive heating 
element may comprise a coil, and the coil may be of a constant 
pitch or of a varying pitch. 
0005. In another embodiment, a catheter system com 
prises an elongate shaft and an energy-emission element 
located near the distal end of the elongate shaft. The energy 
emission element optionally includes a plurality of emission 
segments, and each of the segments is independently operable 
to emit energy into the Surroundings of the energy-emission 
element. Optionally, the catheter system further comprises a 
power source drivingly connected to the emission segments. 
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The power source is operable pursuant to a multiplexing 
algorithm to deliverpower to, and operate, the emission seg 
ments in a multiplexed fashion. In one embodiment, the 
energy-emission element comprises a resistive element Such 
as a resistive coil. In another embodiment, the energy-emis 
sion element comprises an RF emitter. 
0006. In another embodiment, a catheter system com 
prises an elongate shaft and an energy-emission element 
located distal of the elongate shaft. The energy-emission ele 
ment has an effective axial length along which the energy 
emission element emits energy. The effective axial length is 
adjustable. 
0007. In another embodiment, a catheter comprises an 
elongate shaft and an expandable shaft located on a distal 
portion of the elongate shaft. A number of heater elements are 
expandable by a balloon. The heater elements may have a 
wavy, sinusoidal or serpentine configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 illustrates an overall view of a resistive ele 
ment system according to one embodiment; 
0009 FIG. 2 illustrates an exemplary embodiment of a 
catheter sheath in a partially retracted position usable with the 
resistive element system of FIG. 1; 
0010 FIG. 3 illustrates a closer view of an exemplary 
embodiment of a catheter usable with the resistive element 
system of FIG. 1; 
0011 FIG. 4 illustrates a cross-sectional side view of a 
working end of the catheter of FIG. 3; 
0012 FIG.5 illustrates a side view of another embodiment 
of the working end of the catheter of FIG. 3; 
0013 FIG. 6 illustrates a side view of yet another embodi 
ment of the working end of the catheter of FIG. 3; 
0014 FIG. 7 illustrates a side view of yet another embodi 
ment of the working end of the catheter of FIG. 3; 
0015 FIG. 7A is a table depicting an exemplary treatment 
cycle usable with the catheter of FIG. 7: 
0016 FIG. 7B illustrates two views of an embodiment of a 
catheter incorporating external fluid grooves and an external 
coil electrode: 
0017 FIG. 7C illustrates an embodiment of a resistive 
element system having multiple protruding resistive ele 
ments; 
0018 FIG.7D illustrates a side view of a resistive element 
system including an expandable balloon and a set of fluid 
ports, according to one embodiment of the invention; 
0019 FIG. 8 illustrates another embodiment of an expand 
able device having an expandable electrode: 
(0020 FIG. 9 illustrates yet another embodiment of an 
expandable device having an expandable braid electrode: 
0021 FIG. 10 illustrates another embodiment of a work 
ing portion of the catheter body with individually expandable 
loops; 
0022 FIG. 10A-10C illustrate other embodiments of a 
working portion of the catheter body; 
0023 FIG. 11 illustrates an exemplary embodiment of an 
expandable set of spline electrodes capable of conforming 
and contacting a vein wall; 
0024 FIG. 12A illustrates an embodiment of the working 
portion of a catheter having a conformable helical electrode 
axially coiled on a shaft; 
(0025 FIG. 12B illustrates the device of FIG. 12A being 
radially expanded by rotation of a distal catheter portion; 
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0026 FIG. 12C illustrates the device of FIG. 12B 
expanded and compressed distally to remove inter coil gaps; 
0027 FIG. 13A illustrates an exemplary embodiment of a 
strip electrode coiled substantially normal to the catheter 
shaft axis; and 
0028 FIG. 13B illustrates an exemplary embodiment of 
the device of FIG. 13A having multiple strip electrodes laid 
flat by uncoiling the device. 
0029 FIG. 14 illustrates an exemplary embodiment of an 
indexing HAS treatment system. 
0030 FIG. 14A illustrates a side view of a heating element 
of the system of FIG. 14 having a portion of a resistive wire 
removed. 
0031 FIG. 15 illustrates an exemplary embodiment of a 
catheter useable with an embodiment of an indexing HAS 
treatment system. 
0032 FIG.16, which includes FIGS. 16A-16D, illustrates 
another exemplary embodiment of a catheter useable with an 
embodiment of an indexing HAS treatment system. 
0033 FIGS. 17 and 18 illustrate exemplary embodiments 
of markings usable for visual verification of indexing posi 
tions. 
0034 FIGS. 19 and 20 illustrate exemplary embodiments 
of a movable datum device. 
0035 FIG. 21, which includes FIGS. 21A-21D, illustrates 
another exemplary embodiment of an indexing system. 
0036 FIGS. 22A-22C illustrate other exemplary embodi 
ments of markings and/or systems usable for visual verifica 
tion of indexing positions. 
0037 FIGS. 23A and 23B illustrate an embodiment of the 
invention using printed markers arranged in a repeatable pat 
tern. 

0038 FIG. 24, which includes FIGS. 24A-24D, illustrates 
another exemplary embodiment of an indexing system. 
0039 FIGS. 25A and 25B illustrate other exemplary 
embodiments of an indexing system. 
0040 FIG. 26 illustrates an exemplary embodiment of an 
indexing system having a temperature sensor. 
0041 FIG. 27 illustrates an exemplary embodiment of an 
indexing system having multiple temperature sensors. 
0042 FIGS. 28A-28C and FIGS. 29A-29B illustrate 
exemplary embodiments of indexing systems for facilitating 
automatic movement of a catheter. 
0043 FIG. 30, FIGS. 31A-31B, and FIGS. 32A and 32B 
illustrate exemplary embodiments of linkages usable to index 
a catheter by a certain amount. 
0044 FIGS. 33A-33B and FIGS. 34A-34B illustrate 
exemplary embodiments of an indexing system having a 
Switch to control power applied during treatment. 
0045 FIG. 35 illustrates a screen shot of an exemplary 
embodiment of a control system usable with an indexing 
system, according to one embodiment of the invention. 
0046 FIG. 36 illustrates a flowchart of the control system 
and indicates steps taken during treatment, according to one 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0047. The features of the system and method will now be 
described with reference to the drawings summarized above. 
The drawings, associated descriptions, and specific imple 
mentation are provided to illustrate embodiments of the 
invention and not to limit the scope of the invention. 
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0048. In addition, methods and functions described herein 
are not limited to any particular sequence, and the acts or 
states relating thereto can be performed in other sequences 
that are appropriate. For example, described acts or states 
may be performed in an order other than that specifically 
disclosed, or multiple acts or states may be combined in a 
single act or state. 
0049 FIG. 1 illustrates an embodiment of a resistive ele 
ment system for applying energy to the wall of a hollow 
anatomical structure such as (but not limited to) the inner 
wall(s) of a vein, e.g. a greater Saphenous vein or a varicose 
vein. As illustrated, the resistive element system comprises a 
catheter 1. The catheter 1 includes a catheter shaft 3, which 
may be used to maneuver the distal portion 4 of the catheter 1 
during placement. In one embodiment, the catheter shaft 3 is 
comprised of a biocompatible material having a low coeffi 
cient of friction. For example, the shaft 3 may comprise a 
polyimide. In other embodiments, the shaft 3 may comprise 
PEEK, TEFLONR), HYTREL(R), or any other such suitable 
material. In one embodiment, the catheter shaft3 is sized to fit 
within a vascular structure that may be between 2 and 14 
French, but preferably between 4 and 8 French, which corre 
sponds to a diameter of between 1.3 mm (0.05 in) and 2.7 mm 
(0.10 in), or other sizes as appropriate. The distal portion 4 
transfers energy (e.g. heat) directly to an inner vein wall. The 
proximal end of the catheter has a handle 5. The handle 5 
includes a port for fluid and a connection 6 for interfacing 
with an energy source 2. 
0050. In one embodiment, an energy source 2 comprises 
an alternating current (AC) source. Such as an RF generator. 
In other embodiments, the energy source 2 comprises a direct 
current (DC) power Supply, Such as, for example, a battery, a 
capacitor, or other energy source. The power Source 2 may 
also incorporate a controller that, by use of a microprocessor, 
applies power using a temperature sensor (e.g. a thermo 
couple or a resistance temperature device) located in the 
working portion of the catheter 1. For example, the controller 
may heat the tissue of a hollow anatomical structure to a set 
temperature. In an alternate embodiment, the user selects a 
constant power output of the energy source 2. For example, 
the user may manually adjust the power output relative to the 
temperature display from the temperature sensor in the work 
ing portion of the catheter 1. 
0051 FIG. 2 illustrates another embodiment of the resis 
tive element system. As shown, the catheter includes an outer 
retractable sheath 12. The sheath 12 is advantageously used to 
protect the device during placement, facilitate introduction of 
the device, and/or adjust the exposed axial length of the 
resistive element for a user-selected and variable treatment 
length. For example, the sheath 12 may be used (e.g., pulled 
back (proximally) or pushed forward (distally)) to adjust the 
length of the heated region of the catheter that is exposed to a 
wall of the hollow anatomical structure. 

0052 FIG. 3 illustrates the catheter 1 with a section A-A, 
which is further depicted in FIG. 4. In particular, FIG. 4 
illustrates a detailed cross sectional portion of the resistive 
element and internal components of the catheter 1. As will be 
appreciated, the distance between the illustrated adjacent 
coils 8 may be of consistent or varied spacing. 
0053. The distal section 4 in FIG. 4 shows the resistive 
element 8 covered by a sleeve 7. In one embodiment, the 
sleeve 7 is a thin-walled tube from 0.00025" to 0.003" thick. 
In other embodiments, sleeve may have a wall thickness of 
less than 0.00025" or of more than 0.003". In one embodi 
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ment, the sleeve 7 comprises PET (polyethylene terephtha 
late). In other embodiments, the sleeve 7 may comprise 
TEFLONR), polyimide or other thin walled sleeve material 
which remains substantially stable for the desired tempera 
ture range. The material selection process of sleeve 7 may be 
determined by polymers with nonconductive or electrically 
insulative properties. 
0054 FIG. 4 also shows an internal lumen 10 of the cath 
eter, which communicates through an open lumen from the 
distal tip to the proximal handle. In one embodiment, the 
lumen 10 is used for delivery of fluids, such as for example, 
saline, a Venoconstrictor, Sclerosant, high-impedance fluid, 
physiologic tissue adhesive, hydrogel, or the like. In addition, 
upon completion of treatment, a hydrogel may be exuded 
from the distal catheter end allowing for complete vessel 
occlusion. For example, the hydrogel may be biocompatible 
or bioresorbable. In other embodiments, the hydrogel may be 
displaced by the constriction of the hollow anatomical struc 
ture resulting from the thermal injury response which results 
in Substantially complete occlusion. In those sections of the 
hollow anatomical structure in which the material has not 
completely compressed, it can be resorbed by the body natu 
rally. In yet other embodiments, the lumen 10 may also 
accommodate a guide wire for catheter placement. 
0055. In one embodiment, the resistive element 8 is made 
of resistive wire that generates heat when the energy source is 
connected and applied to the catheter. As shown in FIG.4, the 
resistive wire comprises a round cross-section. In other 
embodiments, the resistive wire may alternatively be rectan 
gular, ovular, or another geometrical cross-section. Prefer 
ably, the relative resistance or impedance of the resistive 
element 8 is designed to correlate to the energy source. For 
example, the resistance of resistive element 8 may be deter 
mined by a wire gage that relates to the catheter diameter, the 
energy required, and the energy source requirements. The 
wire may comprise a wide variety of conductive materials, 
Such as, for example, nickel chromium, copper, stainless 
steel, NITINOLR), ALUMEL(R), and the like. 
0056. The resistive element 8 illustrated in FIG. 4 is a 
closed wind coil (i.e., with Substantially no inter-coil spac 
ing). In one embodiment, an electrical connection, Such as 
soldering at the proximal end and/or the distal end of the coil, 
couples the resistive element 8 to a signal wire 9. As shown in 
FIG. 4, the signal wire 9 is a distal return signal wire. For 
example, the signal wire 9 may run the internal length of the 
catheter 1 to a connector cable 6. In one embodiment, the 
signal wire 9 extends from the proximal end of the coil. In 
Such an embodiment, the signal wire 9 is a larger gage copper 
wire (e.g., 28 to 34 gage) in order to reduce possible heating 
within the main body of the catheter 1. 
0057. In one embodiment, the resistive element 8 com 
prises a constant, closed-pitch coil. Alternatively, the resistive 
element may have a varying pitch and/or a varying inter-coil 
spacing. For example, a varying coil pitch and/or spacing may 
be advantageously used to vary the heat output over the axial 
length of the heating element. An axially (and/or radially) 
varying heat output from the resistive element is useful in 
providing a Substantially uniform tissue and/or device tem 
perature during treatment. For example, Such a variation in 
coil pitch may be advantageous in situations involving fluid 
flow within the hollow anatomical structure. In such cases, 
the fluid tends to absorb heat output from the proximal portion 
of the resistive element to a greater degree than heat output 
from the distal portion. This can result in a reduction of the 
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heat actually applied to the wall of the hollow anatomical 
structure adjacent to the proximal portion of the resistive 
element relative to the central and distal sections. As the fluid 
flows past the proximal section of the heating element, the 
fluid itself will be heated. The heated fluid then flows across 
the middle and distal sections of the resistive element 8, 
thereby increasing the temperature of treatment for these 
sections. One embodiment, intended to counteract this effect, 
comprises a close-pitch wind of the heating element in the 
proximal portion (implying a higher heat output in the proxi 
mal portion) while the middle and distal sections may have a 
comparatively more open-pitch wind (i.e., the inter-coil spac 
ing increases in the distal direction). This configuration 
decreases the heat output along portions of the coil in order to 
compensate for the added heat from the proximal adjacent 
sections. That is, the variable coil pitch may be used to correct 
for higher temperatures of the middle sections of the resistive 
element in comparison with lower temperatures of the end 
sections of the resistive element. A thermally-insulating 
material (such a natural rubber, silicone, or an elastomer) may 
be used to shield the internal lumen from heating, or to selec 
tively reduce external heat transfer from the resistive element. 
0058. In another embodiment, portions of the resistive 
element having a close-pitch wind are used to heat larger 
portions of an anatomical structure (e.g., portions having a 
larger diameter) while portions of the resistive element hav 
ing an increased coil spacing are used to heat Smaller portions 
of the anatomical structure (e.g., portions having a smaller 
diameter). 
0059. In other embodiments, the coil wind comprises 
more than one radially displaced layer. For example, as 
shown in FIG. 5, the successive layers 14 and 15 of winds may 
be counter-wound to overlap and can also have a variable 
pitch over the axial length of the shaft. This configuration may 
be used to provide a greater heating density, or to provide 
more uniform heating if the coil winds are spaced to increase 
the length of heating segment with a limited length of coil 
W1e. 

0060. In one embodiment, the resistive element 8 com 
prises a bifilar wire coil, which is advantageous in processing 
as it can be wound as a single filament. A bifilar wire also 
maintains a constant distance between the two embedded 
wires, which can help to maintain accurate overall spacing in 
order to provide uniform heat distribution. In some embodi 
ments, the wind of the bifilar wire coil may comprise a vari 
able pitch, as discussed previously. The bifilar wire coil may 
also combine wire connections (i.e., connections between the 
multiple wires in the wire coil) at one end of the catheter, 
preferably the proximal end. For example, the distal end may 
comprise an electrical connection between the two wire ends 
in order to create a continuous loop. In alternative embodi 
ments, the bifilar wire can comprise more than 2 wires. 
0061 FIG. 6 shows the bifilar wire 16 coupled through 
solderjoints 17 to signal wires 18 and 19. In one embodiment, 
the joints 17 are spot welded or bonded with a conductive 
epoxy. In addition, the signal wires 18 and 19 may extend 
internally through the catheter shaft to the connector 6 located 
at the proximal end (e.g. see FIG. 1). As previously discussed, 
FIG. 6 shows one example of a variable wind configuration. 
0062. In other embodiments of the invention, energy is 
applied separately to each wire of the bifilar wire coil. For 
example, applying energy separately to each wire may be 
used to vary and control the power and heat transferred from 
the device to the vessel. In one embodiment, a single coil is 
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used for smaller hollow anatomical structures, while both 
coils are used with larger hollow anatomical structures. 
0063 FIG. 2 shows a single sensor as part of the resistive 
element. In other embodiments, multiple sensors are placed 
along the axial resistive element length. For example, the 
energy source may advantageously monitor the individual 
sensors and use the multiple inputs for temperature feedback. 
In another embodiment, the controller may monitor for high 
temperature or low temperature signals. For example, an 
algorithmic process may be used to control the current 
applied to the various wire coils, thus maintaining a Substan 
tially axially-uniform temperature and/or heat output. 
0064. In another embodiment, the resistive element 8 
comprises multiple coils, which are sequentially placed axi 
ally on the catheter shaft represented by the resistive elements 
21 through 28, as shown in FIG. 7. For example, each resistive 
element may be individually temperature controlled and/or 
may comprise a temperature sensor. 
0065. Alternatively the sequential resistive elements may 
be used in a power control mode that relies on manual energy 
control. 
0066 Alternatively, in one embodiment of the invention 
having multiple resistive elements, a temperature sensor is 
located on the most distal resistive element. For example, the 
most distal resistive element may be used for the initial treat 
ment and the Successive coil electrodes may use the same 
and/or a predetermined energy-time profile. 
0067. In one embodiment, a method of use of the resistive 
element system includes multiplexing through each of the 
resistive elements 21-28 shown in FIG. 7A. The term “mul 
tiplex' as used herein is a broad term and is used in its 
ordinary sense and includes without limitation the energizing, 
orheating, of at least one resistive element for a specific dwell 
time and cascading, or moving, to another resistive element 
until the end resistive element is reached or until a cycle is 
completed. The cycle is then repeated until the complete 
treatment time is reached. 
0068 FIG. 7A shows an example using the resistive ele 
ment configuration shown in FIG. 7. In one embodiment, the 
resistive elements 21 through 28 are sequentially energized 
for a dwell time of approximately 0.2 seconds. In the example 
shown, three resistive elements are powered at a time. The 
table has shaded blocks of time, which represent the time that 
energy is being delivered to the specified resistive elements. 
Since three resistive elements are on at one time and the dwell 
time is 0.2 seconds, each resistive element is on for a total of 
0.6 seconds during one cycle. In the table, for time 0 to time 
0.2 seconds, resistive elements 21, 22 and 23 are energized. 
For time 0.2 seconds to 0.4 seconds resistive elements 22, 23 
and 24 are energized. This process repeats by stepping 
through the resistive element set. For the 8 resistive elements 
shown, one complete cycle takes 1.6 seconds. In one embodi 
ment, to avoid overcooling of a particular resistive element, 
the cycle time is of a short duration and/or the total number of 
resistive elements is limited. That is, in one embodiment, a 
resistive element may be re-energized before substantial 
cooling takes place. In addition, in one embodiment, to 
increase the treatment Zone, the catheter may comprise mul 
tiple treatment Zones, such as for example, groups of eight 
resistive elements, as is shown in FIG. 7. Each group of eight 
resistive elements may treat the wall of the hollow anatomical 
structure before energy is applied to the next group of resis 
tive elements. Alternative modes of multiplexing may also be 
employed. For example, the number of adjacent resistive 
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elements simultaneously energized may vary. Also, the entire 
cycle may re-start at the first end energized, or the last end 
energized. Another mode of multiplexing may be accom 
plished through a sensing of the tissue impedance. Once a 
certain level is achieved, the next set of resistive elements is 
then energized. 
0069. Alternatively, at least one of the eight resistive ele 
ments is energized to treat the hollow anatomical structure 
until treatment is complete. Then, the next resistive element 
(s) apply a similar treatment time, and so on moving along the 
treatment Zone. For the eight resistive elements illustrated in 
FIG. 7, the treatment may be for one cycle. For example, 
resistive element 21 may treat the hollow anatomical struc 
ture for approximately 20 seconds. Once resistive element 21 
has completed treatment, resistive element 22 repeats the 
same treatment time and energy settings. Such a process may 
continue for resistive elements 23 through 28. 
0070. In other embodiments of the invention, alternate 
treatment cycles may be used. For example, resistive ele 
ments 21 and 22 may concurrently treat the hollow anatomi 
cal structure for approximately 20 seconds. Then resistive 
elements 23 and 24 apply a similar treatment, and so forth 
through resistive elements 27 and 28 to complete the cycle. 
(0071 FIG. 7B illustrates another embodiment of an elec 
trically resistive heating element having an open pitch wind, 
but omitting an outer sleeve 7. FIG.7B shows the coil spacing 
greatly exaggerated in order to see the tube detail 44. In one 
embodiment, the inter-coil spacing is selected to create a path 
for fluids. For example, the inner lumen 45 (which is shown as 
a single lumen, but may include multiple lumens) of the 
catheter may deliver fluid to the vessel by the additional 
pathways 46 which are external surface features and radial 
holes (intermittently spaced along the grooves) in the tube 
wall. The fluid may be a saline, a venoconstrictor, or the like. 
In one embodiment of a method of using the device of FIG. 
7B, the device is placed in the hollow anatomical structure. 
The hollow anatomical structure is then treated with the veno 
constrictor via the catheter lumen 45 and 46. Then the hollow 
anatomical structure is treated by heating the constricted wall 
of the hollow anatomical structure. 

0072 FIG. 7C illustrates an embodiment of a resistive 
heating element comprising multiple resistive elements with 
separate and distinct protruding resistive elements made of 
resistive materials, such as, for example, KANTHANAL(R), 
NICHROMER, CHROMEL(R), ALUMELR, KOVARR, 
Alloy 52, TITANIUM, ZIRCONIUM, combinations of the 
same or the like. In one embodiment, a series of resistive 
elements are spaced axially along the catheter shaft; each of 
these resistive elements comprises a doubly-truncated 
spherical body 52. In one embodiment, each resistive element 
may be attached to a signal wire by Solder, spot weld, or other 
method. For example, the signal wire may run internal to the 
catheter tube and attach to the cable and connector 6. 
(0073 FIG. 7D is another embodiment of the working por 
tion of the catheter. The device shown has the addition of a 
balloon 47, expanded by ports 49. As shown, the balloon 47 is 
located proximate to the resistive element. The balloon 47 
may be used to occlude or substantially occlude a hollow 
anatomical structure. Additional fluid ports 50 proximal to the 
resistive element 48 are for fluid placement within the hollow 
anatomical structure. 

0074. In one embodiment, the catheter is placed in the 
hollow anatomical structure, and then the balloon 47 is 
inflated through the ports 49. Once the balloon is inflated, the 
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fluid ports 50 clear the hollow anatomical structure of native 
fluid, such as blood, distal to the balloon 47, by injecting a 
displacing fluid, Such as, for example, Saline. In one embodi 
ment, the displacing fluid is followed by another injection of 
a Venoconstrictor, which reduces the hollow anatomical 
structure lumen size prior to treatment. By temporary reduc 
tion of the hollow anatomical structures size, the treatment 
time used for the resistive element 48 is reduced, thereby 
resulting in a more effective and safe treatment. 
0075) 
0076 Serpentine: 
0077. Another embodiment is shown in FIG. 8, which 
incorporates an expandable resistive element 32 on a balloon 
31. In one embodiment, the balloon 31 is made of a biocom 
patible material such as, but not limited to silicone, PET, 
urethane, latex, C-FLEXR, combinations of the same or the 
like. The balloon 31 is attached to the catheter shaft 30 at the 
working end of the catheter. Both ends of the balloon are 
sealed on the shaft and are fluid tight. The catheter shaft 
section within the balloon contains fluid ports (not shown). 
The ports are connected to internal open lumen(s) which run 
internally to the shaft to the proximal end. The lumen(s) at the 
proximal end at the handle 5 are connected to luer compo 
nents for external fluid connections. These are used to expand 
and collapse the balloon. 
0078. The resistive element 32 is a serpentine component, 
which is placed circumferentially around the exterior of the 
balloon 31 and catheter shaft. In one embodiment, the ser 
pentine component expands circumferentially as the silicone 
balloon expands. In one embodiment, the serpentine compo 
nent 32 is made of NITINOL(R). For example, the shape 
memory aspect of NITINOLR) may be advantageously uti 
lized to help the component remember its expanded or col 
lapsed position. In other embodiments, other nickel based 
spring alloys, other spring alloys, 17-7 stainless steel, Car 
penter 455 type stainless steel, beryllium copper, or other 
similar materials may also be used. 
0079. In an alternate embodiment, the serpentine compo 
nent 32, is located within the wall of the balloon material or 
between two layers of the silicone balloon material. This 
embodiment results in the serpentine resistive element being 
more integral to the assembly. 
0080 A temperature sensor 33 is attached to the serpen 
tine component for temperature control during application of 
the energy. In FIG. 8 the sensor is attached near the proximal 
end of the serpentine, but may be attached at any point axially. 
In one embodiment, the attachment of the sensor is accom 
plished by Soldering, bonding or essentially tying it onto the 
section of the serpentine wire. The ends of the serpentine 
component 35 are attached to signal wires, which run through 
the catheter internal open lumen and are connected to the 
connector cable 6. These signal wires may be attached by 
solder (or previously discussed methods) to the serpentine 
component. 

I0081. This embodiment of FIG. 8 places the resistive ele 
ment in apposition to the wall of the hollow anatomical struc 
ture prior to treatment by use of the expanding balloon 31. 
Thus, one device may be adjusted to fit multiple sizes of 
hollow anatomical structures. The balloon 31 and serpentine 
component may also collapse during the last portion of the 
treatment or as the treatment is completed. The intent of 
collapsing the device during the last portion of treatment is to 
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maintain apposition with the walls of the hollow anatomical 
structure while allowing the tissue to shrink and/or constrict 
in order to occlude. 
I0082 For improved viewing of the balloon during expan 
Sion, a contrast medium may be used for fluoroscopy or an 
ultrasonic contrast. For example, micro bubbles may be 
employed as part of the balloon fluid for expansion. This can 
be applicable to any expandable resistive element using a 
fluid filled balloon. 
I0083. In one embodiment, the balloon is capable of dis 
placing a substance, such as blood, from a treatment area. In 
another embodiment, the balloon is further capable of direct 
ing heat toward the wall of an anatomical structure by bring 
ing at least a portion of the resistive element in proximity 
with, or in contact with, the wall. In yet other embodiments, 
the balloon is configured to collapse in response to the col 
lapsing or narrowing of the anatomical structure and/or is 
configured to collapse manually. 
0084. In one embodiment, an indicator in the handle of the 
resistive element system shows the state of inflation of the 
balloon. For example, the indicator may comprise a Substance 
or display that moves axially to show deflation of a balloon. 
For instance, the indicator may be coupled to the expandable 
member (e.g., the balloon). Such that expansion of the 
expandable member causes corresponding changes (e.g., 
movement) of the indicator. In other embodiments, the out 
flowing saline is employed in a pressure or level-gauge like 
configuration (e.g., athermometer-like configuration) to indi 
cate the state of inflation of the balloon. 
I0085 Expandable Braid: 
I0086 FIG. 9 illustrates another embodiment of an expand 
able resistive heating element. This embodiment utilizes a 
metal braid wire 36 as the working resistive element. In one 
embodiment, the wire is round and made of NITINOLR). 
However, in other embodiments, the braid wire may be flat 
wire and/or comprise another spring-type or shape memory 
material as discussed above. For the device, the elastic char 
acteristics of NITINOLOR) are beneficial to the method of 
expanding and collapsing the device. In one embodiment, the 
braid is heat set in the nearly fully expanded position. In other 
embodiments, the balloon is used to expand the braid. 
0087. In one embodiment, the braid wire is sleeved in 
polyimide to isolate the wires from each other where they 
overlap. In other embodiments, other materials may be used, 
such as for example, TEFLONR), urethane, and the like. The 
braid component may be created using standard braiding 
technology. Alternatively, a single wire may be woven into 
the braid component. The method is relevant for the overall 
resistance or impedance of the device for the energy source. 
I0088. The proximal and distal ends of the braid 36 com 
ponent are captured in a two-part crimp sleeve, 39 and 41, in 
order to anchor the ends to the catheter tube, 40 and 37. The 
braid 36 in this embodiment is expanded by the use of the 
catheter stylet 37, which runs the internal axial length of the 
catheter, from the distal tip 41 to the proximal handle 5. The 
proximal end of the stylet passes through a Touhy Borst type 
fitting on the catheter handle 5 and in turn is a handle for stylet 
manipulation. In this case, pushing the stylet 37 distally col 
lapses the braid (illustrated in the upper figure of FIG. 9), 
while pulling the stylet 37 expands the braid (illustrated in the 
lower figure of FIG. 9). 
0089. In the embodiment of the invention illustrated in 
FIG.9, a balloon 38 is placed internal to the braid 36 such that 
the ends are distal to the crimp section 39 and proximal to the 
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crimp 41. As previously discussed, the balloon38 is silicone, 
but it can be of other materials previously identified. This 
balloon then uses internal lumen and side port (not shown) of 
the catheter stylet 37 for inflation and deflation. 
0090. It should be noted that the typical silicone extrusion 
may expand axially and radially when inflated. This causes 
the balloon to become “S” shaped for a set axial length of 
tubing, thus causing the braid to have non-uniform tissue 
apposition with the hollow anatomical structure. To compen 
sate for this issue, the extrusion 38 may be pre stretched 
axially just prior to anchoring on the catheter tubing to the 
stylet component 37. The stretched tube may then expand 
radially with little to no axial expansion, depending on the 
amount of pre-stretch done. The balloon may be used to 
occlude the vessel to impair blood flow and to remove blood 
from the braid portion of the catheter. This creates a static 
fluid volume and makes the heat treatment more efficient. 
Also, the balloon promotes braid apposition with the hollow 
anatomical structure. In other embodiments, the balloon is at 
least partially expanded and contracted through expansion 
and compression of the ends 51, 54. 
0091. In one embodiment, a temperature sensor 42 is 
attached to the braid wire along its axial length. The sensor 42 
may be used for temperature control during the application of 
energy for the controller. Although the sensor 42 is shown 
attached near the proximal end of the braid wire, the sensor 42 
may be located along other portions of the braid wire. In 
addition, more than one sensor may be used. 
0092. In another embodiment, the balloon is a separate 
device from the braid device. For example, the balloon device 
may fit within the lumen of the braid device, and the tips of 
both devices may connect and anchor to one another. For 
example, the anchor mechanism may include a set of male 
and female threads appropriately sized. Alternatively the 
device tips may be anchored together by use of axially aligned 
holes in both tips, through which a wire is placed and tied off. 
Alternatively, the tips may be designed with a spring ball 
detent to anchor the tips together. Alternatively, strong mag 
nets of opposite polarity may be used to locate the tips and 
hold them together. 
0093 
0094. Another embodiment, shown in FIG. 10, utilizes at 
least one expandable loop, which emanates from the side of 
the main catheter body. One end of the loop 55 is anchored to 
the catheter shaft 53. The other end of the loop passes through 
an opening 56 in the sidewall of the catheter tube 53 and runs 
through the catheter lumen to the handle 5 at the proximal 
end. This end of the loop acts like a stylet, in order to manipu 
late the loop shape and size. In one embodiment, the wire 
coils around the main catheter body with spaced attachment 
points (such as by entering into and exiting from segments of 
a lumen within the main catheter body) such that by advanc 
ing the wire the coils extend beyond the main catheter body in 
the fashion of circular coils tending toward a right angle to the 
axis of the main catheter body. The wire is typically circular 
in cross section. In one embodiment, the loop is pre-shaped in 
order to extend outward toward the walls of the hollow ana 
tomical structure and eventually into contact with them. 
Alternatively the wire section that forms the actual exposed 
loop portion 54 may be a flat wire, rectangular, ovular, or 
other geometrical cross section. In one embodiment, rotating 
the stylet handle end of the loop manipulates, or twists, the 
loop toward or away from the catheter shaft. 
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0.095 The loop 54 may comprise a resistive element simi 
lar to the element 4 of FIG. 1. For example the loop 54 may 
comprise a resistive element coil 57 wrapped around it. In 
addition, each loop may have a temperature sensor on the 
resistive element 57 for use in temperature controlled energy 
delivery. In other embodiments, each resistive element is 
covered with a sleeve. For example, the sleeve material may 
comprise PET, TEFLONR), polyimide, or other material. 
(0096. Wavy Expandable Length: 
0097. Another embodiment is shown in FIG. 10A and 
utilizes at least one expandable formed set of bends. A main 
spline 73 shown in FIG. 10C makes the backbone and is made 
of NITINOL(R). In other embodiments, the spline 73 is made 
of other nickel-based spring alloys, 17-7 stainless-steel, Car 
penter 455 type stainless-steel, or beryllium copper, or other 
similar materials. An embodiment illustrating details of the 
spline 73 is shown in FIG. 10C. The illustrated spline 75 is 
wound with a resistive wire 76 as previously discussed in 
detail with respect to FIG. 4. The device illustrated in FIG. 
10A may also include a temperature sensor. Because the 
illustrated spline 73 slides into the tube 70, it has an outer 
sleeve 77 made of TEFLONR) for reduced frictional force. 
0098. In one embodiment, the spline 73 is straightened by 
withdrawing it proximally into the tube 70. For example, the 
tube 70 may comprise an inner liner 72, which extends out of 
the tube end and is formed into an outer lip 71. In addition, 
FIG. 10A-10C show the spline 73 as 2-dimensional. How 
ever, a skilled artisan will recognize from the disclosure 
herein that the spline 73 may also comprise various 3-dimen 
sional shapes, such as for example, a helical wind. This shape 
may be used to improve contact of the heating element to the 
wall of the hollow anatomical structure during the treatment 
cycle. 
(0099 Expandable Floating Ribbon: 
0100 FIG. 11 illustrates another embodiment using at 
least one expandable resistive element. The pre-shaped 
splines 52, 6 splines in this figure, act as individual resistive 
heating elements. The set of splines 52 are attached radially 
about the catheter shaft 51. The expandable resistive element 
set has at least one expanded section. In FIG. 11, the device 
shown has 2 expandable sections. The resistive element set is 
anchored at the mid point 53, which does not substantially 
expand. The tip 54 and proximal end attached to the shaft 51 
also do not substantially expand. 
0101 The device is designed to collapse by use of an outer 
sheath, which in FIG. 11 is in a retracted position. For 
example, the sheath may be used to help place the device in 
the vessel and to help remove the device after treatment. One 
intent of the self-adjusting splines is to let them expand so 
they will be in apposition to the tissue and adjust to any axial 
bends or curves in the hollow anatomical structure. As the 
hollow anatomical structure is heated during treatment, the 
lumen of the structure constricts and/or shrinks and the spline 
set adjusts and collapses concurrently with the lumen. This 
same characteristic also gives the device of FIG. 11 versatil 
ity, as it is able to accommodate varying sizes of hollow 
anatomical structures. 
0102 Alternatively, the device comprises a stylet wire 
similar to the braid device of FIG. 9 in order to collapse and 
expand the pre-shaped splines. In this embodiment, the 
splines may be manually collapsed during treatment in order 
to follow the occlusion of the hollow anatomical structure. 

0103) Each spline 52 is made of a resistive material as 
previously defined. Alternately, each spline 52 may have a 
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resistive coil wire wrapped around it, as is previously 
described. A temperature sensor may also be attached to at 
least one spline for temperature controlled energy delivery. 
0104. In one embodiment, one long expandable section 
makes up the resistive element set 52. To support the length 
during treatment, a balloon is placed inside the spline set. For 
example, this balloon may use an internal lumen of the cath 
eter (not shown) for inflation and deflation. Alternatively, as 
described for the braid device, the balloon may be a separate 
device inserted into the long expandable spline set. 
0105. As discussed earlier with respect to the fixed diam 
eter resistive element, spline resistive elements, when indi 
vidually wired for power, may be used in conjunction with a 
multiplexing process. Such an embodiment allows for the 
sequential or “cascading heating of specific resistive ele 
ment Subsets of the spline set. This may involve energizing at 
least one spline for a specific dwell time and then cascading or 
moving to the next adjacent spline(s) until the end spline is 
reached. The cycle is then repeated until the complete treat 
ment time is reached. 
0106 Super Elastic Expanding Ribbon: 
01.07 FIGS. 12A-12C illustrate a catheter with a helical 
coil resistive element 55. For example, the coil resistive ele 
ment 55 may be manipulated from a collapsed or small diam 
eter coil tightly wrapped around the circumference of the 
catheter shaft (FIG. 12A) into an expanded, large diameter 
coil (FIG. 12C). In one embodiment, this coil is made of a 
resistive type of material as discussed earlier. The expanded 
coil may also be in apposition with the vein wall. In one 
embodiment, the catheter shaft is made of two concentric 
tubes, 56 and 57. The proximal shaft 56 may be slightly larger 
in diameter to fit over the distal tube 57. The distal tube is able 
to rotate about the catheter tube axis relative to the proximal 
tube. In the illustrated embodiment, clockwise rotation 
expands the resistive element (as shown in FIG. 12B) and 
counter clockwise rotation collapses the resistive element (as 
shown in FIG. 12C). 
0108 FIG. 12A shows the initial collapsed position of the 
device, which is, for example, how the catheter may be ini 
tially placed in the hollow anatomical structure. FIG. 12B 
shows mid-range of the radial expanding resistive element 
and FIG. 12C shows final state of the device completely 
expanded. The coil is adjusted to eliminate the inter coil 
spacing by being pushed distally. The steps described are 
reversed in order to collapse the device for new placement or 
for removal. 

0109. In one embodiment, for tube 57 to rotate and move 
axially, it is connected to a torquable stylet wire (not shown). 
This stylet runs internal to the catheter shaft and is accessible 
at the catheter handle. In one embodiment, the handle also 
allows these movements and locks the stylet in position in 
order to hold the resistive element collapsed or expanded. 
0110. In another embodiment, the resistive element 55 is 
made of NITINOLR). Using the shape memory property 
when heated, the resistive element 55 returns to its pre-shaped 
expanded coil form upon heating. In this embodiment, one 
end of the coil 55 is tethered to the catheter, such as for 
example, the proximal end. The expanded coil may also “auto 
collapse' as the hollow anatomical structure shrinks and/or 
constricts during the treatment. In another embodiment, a 
sheath is used to retrieve the coil after treatment. 

0111 FIG. 13A and FIG. 13B show another embodiment 
of an expandable flat strip resistive element. These are radi 
ally expanding coiled Strips 60. As shown, the device has at 
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least one strip resistive element 60. FIG. 13A shows the 
resistive element collapsed (i.e., coiled tightly). By rotating 
the stylet component 59 in the clockwise direction as shown, 
the resistive element 60 winds up into a collapsed coil. In the 
same manner, by rotating the stylet wire in the counter-clock 
wise direction, the coil 60 expands and adjusts to be in appo 
sition with the wall of a hollow anatomical structure. The 
secondary stylet 58 is shown as a stationary component (e.g., 
not rotatable). In other embodiments, stylet 58 may also com 
prise a catheter tubing or component that attaches to the end 
of the resistive element. 

0112 FIG. 13B is an example of a 4-resistive element strip 
version of FIG. 13A and is laid out flat. In this embodiment, 
the resistive element strips are resistive material as previously 
discussed. Components 58 and 59 in this embodiment each 
contain at least one wire, which connects to the resistive 
element strips. These strips then become heated when ener 
gized. Alternatively, the strips may have resistive wire 
wrapped around them for coil type resistive elements 
0113. As previously described, one or more temperature 
sensors may be attached to at least one strip for temperature 
controlled energy delivery. In addition, these strip resistive 
elements may be used in conjunction with the multiplexing 
process to heat specific Subsets of the group of resistive ele 
mentS. 

0114. In an alternative embodiment, a resistive heating 
device can be configured Such that the resistive heating ele 
ment also acts as a resistance temperature device (RTD). 
Certain metals exhibit predictably varying electrical resis 
tance properties at varying temperatures. If this relationship is 
known for a given resistive heating element, a temperature of 
the element can be determined by measuring an electrical 
resistance across it. Sucha system may advantageously elimi 
nate the need for additional thermocouples or other tempera 
ture sensing devices, or it may provide an independent sens 
ing of temperature as may be used for high-temperature 
limitation. 

0.115. In some embodiments, it is desirable to provide a 
heating element configured to treat a relatively short length of 
an HAS at a single time. Such an embodiment can be pro 
gressively moved through the HAS in a series of discrete steps 
from a first position to a final position in order to treat a 
desired length of an HAS. The process of moving a heating 
element through an HAS in a series of discrete steps between 
treatment steps is referred to herein as “indexing.” 
0116. The general process can proceed by providing an 
elongate catheter with a short-length heating element at a 
distal portion thereof. The heating element and catheter can 
be inserted through an introducer sheath into a hollow ana 
tomical structure Such as a vein. The heating element is then 
advanced to a distal-most position, and power is applied. The 
heating element is allowed to ramp up to a desired tempera 
ture, and remains in place for a desired dwell time. Once the 
desired dwell time is reached, the element can be powered 
down, and the element can be indexed proximally to a second 
position, at which point at least one of the ramp up, dwell, 
power down, and indexing procedures can be repeated. 
0117 FIGS. 14 through 18 illustrate embodiments of 
short-length heating elements and indexing systems. It should 
also be noted that the devices discussed earlier are also appli 
cable, but for this discussion the coil is used as the preferred 
embodiment. FIG. 14 illustrates one embodimentofanindex 
ing HAS treatment system comprising an elongate catheter 
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70 extending through an introducer sheath 71 which includes 
a hub 72, and a heating element 73 located at the distal end 74 
of the catheter 70. 

0118. In some embodiments the heating element 73 is an 
electrically resistive heating element such as those described 
elsewhere herein. For example, the heating element 73 can 
comprise a single, bifilar or other electrically resistive wire 
75, as shown in FIG. 14A, wrapped in a loose, tight, or 
variable-pitch coil around a solid or hollow elongate struc 
ture. In some embodiments, the heating element 73 has a 
Substantially short axial length. For example, in some 
embodiments the heating element 73 can be between about 1 
and about 10 cm in length. In one particular embodiment, a 
heating element 73 is provided with an axial length of about 
1 to 10cm, as this range of length is believed to be particularly 
advantageous for use with external compression applied by 
hand, when the delivered heating energy less than about 
100W and preferably is in the range of 5-20W maximum, and 
when used in combination with an indexing system. 
0119. In order to accurately index the heating element by 
a desired amount, it is desirable to provide a means for repeat 
edly moving the heating element proximally by a desired 
distance. In some cases, this desired distance is less than the 
overall length of the heating element in order to effectively 
double-treat regions that may receive less heat energy as a 
result of an uneven heating profile along the axial length of a 
heating element. It may also be desirable to double treat a 
portion of an initial and/or final treatment region in order to 
arrange for the indexing distances to correspond with catheter 
shaft markings or to arrange that after the full series of 
indexed treatments the final treatment region is in alignment 
with the end of the introducer sheath. In addition, it is desir 
able to have a means for preventing the heating element from 
being powered up while it is within the introducer sheath. 
Some examples of embodiments achieving these goals will 
now be described with reference to FIGS. 14 through 18. 
0120 In some embodiments, as illustrated for example in 
FIG. 15, the elongate catheter 80 can comprise a plurality of 
markings along its axial length in order to assist in visual 
Verification of indexing positions. For example, in some 
embodiments such as FIG. 16, the markings 81 comprise 
alternate colored or cross-hatched sections, each section hav 
ing an axial length approximately equal to the axial length of 
the heating element 82, less any intended overlap distance 
between treatments. In alternative embodiments, as shown in 
FIGS. 17 and 18, the markings comprise regularly-spaced 
lines or tick-marks at intervals corresponding to the indexing 
locations. In some embodiments it may be desirable to pro 
vide a unique marker to indicate a final proximal-most 
indexed position so that the heating element remains spaced 
from the introducer sheath by a sufficient distance to prevent 
the sheath from melting. 
0121 FIGS. 19 through 35 illustrate embodiments com 
prising a catheter shaft with a plurality of marks for manually 
or visually identifying respective indexing positions. For 
example, the marks can be spaced at one-centimeterintervals. 
For example the major increments of about 5 centimeters can 
have numbers which increase proximally along the shaft. In 
use, the catheter can be indexed by moving it a known dis 
tance determined by reading the centimeter markings. In 
Some embodiments, the initial two treatments may overlap by 
as much as nearly the full length of the heating element, which 
is acceptable. Increments may be in fractional dimensions, 
Such as about 6.5 cm. 
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0.122 Each of the embodiments in FIGS. 19 and 20 com 
prises a movable datum device for establishing a starting 
position for a first treatment. For FIG. 19, prior to a first 
heating treatment, the datum device 90 is adjusted to point at 
the nearest catheter shaft mark 91. This gives the physician a 
starting point so that a fixed-length or measured-length index 
step can be performed by aligning the catheter markings with 
the datum pointer 90. Without an adjustable datum pointer 90, 
tracking fractions of centimeters can be confusing especially 
when other events are occurring. 
I0123 FIG. 20 illustrates an embodiment comprising an 
axially adjustable sleeve 100 provided adjacent to the proxi 
mal end of the catheterand mountable to the introducer sheath 
hub 102. The adjustable sleeve provides an adjustable datum 
103 or starting point from which each Successive indexing 
position can be measured in order to prevent the final position 
from entering the sheath. 
0.124 FIG. 19 illustrates one embodiment which uses an 
introducer hub 92 as an attachment point for joining a datum 
device 93. The sleeve or body 93 has a slot 94 which runs in 
the axial direction of the sleeve or body 93 and ends near each 
before each edge so that it is an enclosed slot. A pointer device 
90 is slidably positioned within the slot 94. The pointer 90 is 
preferably mounted within the slot such that there is substan 
tial resistance to sliding, so that it can maintain its position as 
a reference. The sleeve or body 93 is clear or cut-away so the 
index marks 91 on the catheter 95 can be seen as they 
approach the datum pointer 90. 
0.125. An alternative embodiment comprising a slideable 
datum pointer is illustrated in FIG. 20. In this embodiment, 
the tubular sleeve 100 attaches directly to the introducer 
sheath hub 102 and telescopes axially along the longitudinal 
axis of the sheath hub 102. The sleeve 100 can attach to the 
hub with threads or an interference fit so that it will maintain 
its location relative to the hub 102 during use. The proximal 
end 103 of the sleeve 100 of this embodiment acts as the 
datum pointer. The sleeve 100 is preferably clear so that each 
catheter mark 101 can be seen as it approaches the datum 
mark 103. The datum mark 103 may also be a colored line 
along the edge of the sleeve. 
0.126 FIG. 21 illustrates an embodiment of an indexing 
system including a catheter with a heating element 110 at its 
distal end. According to this embodiment, the distal section of 
the catheter shaft 111 located just proximal of the heating 
element 110 comprises a unique marking 112 to indicate the 
“stop treatment Zone.” In some embodiments, the unique 
stop-treatment marker 112 comprises a band of a solid or 
patterned color Such as red, yellow or other color or pattern 
that contrasts with the base color or pattern of the catheter 
shaft. The stop treatment marker 112 preferably has a length 
that is substantially equal to the length of the introducer 
sheath. In practice, introducer sheaths are provided in several 
known lengths (e.g., 5, 7 and 11 cm introducer sheaths are 
commonly used). Thus, in some embodiments, it may be 
desirable to provide several distinct stop-treatment markers 
corresponding to the various lengths of introducer sheaths. 
FIG. 21 also shows a similar slideable datum indicator as 
previously mentioned in FIG. 20. In this version, the datum 
mark 103 is on an accordion like sleeve 116. 

I0127. In use, if the stop-treatment marker 112 is pulled 
proximally out of the proximal end of the sheath, the user will 
know that the heating element is positioned within the intro 
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ducer sheath. The user can then push the catheter distally until 
the stop-treatment marker is hidden within the hub of the 
introducer sheath. 

0128. In alternative embodiments, with reference to FIG. 
22A, additional markers can be provided on the catheter shaft 
120 proximally of the stop-treatment markers 112 as shown in 
FIG. 21. The markers of this embodiment are generally con 
figured to simplify the indexing process by removing the need 
for counting individual centimeter-spaced markers. The addi 
tional markers 121 and 122 can comprise alternating colored 
segments or alternating dark/light segments. For example the 
marks can alternate from blue to white as in FIG. 22B. The 
alternating markers can also include symbols, numbers, let 
ters such as 'A' and “B” as shown in FIG. 22A, or other 
marks in order to further distinguish the indexing positions. 
The lengths of the alternating segments are preferably Sub 
stantially equal to the distance of the index steps. In some 
embodiments, the index steps are approximately equal in 
length to the length of the heating element. 
0129. Alternatively, the stop-treatment markers on the 
catheter shaft can be arranged Such that the index step marks 
are actually shorter than a length of a heating element. This 
encourages intentional overlapping of indexed treatments. 
For example, for a heating element length of about 7 cm, the 
shaft markers can be arranged to indicate a 6.5 cm index step. 
This can create a substantially consistent /2 cm treatment 
overlap. 
0130. In use, the catheter of this embodiment is placed 
within an HAS at a desired treatment position for an initial 
treatment. When treatment is about to start the physician 
notes which catheter shaft color segment is adjacent to the 
introducer sheath hub. If the initial shaft marker segment is a 
first color (e.g. blue in the above example) then the index step 
for the second treatment is at the start of next blue mark on the 
catheter shaft. Thus, the physician can pull the catheter proxi 
mally for the full length of one white segment. If only a partial 
length of the visible segment initially extends out of the hub, 
then the physician can simply perform a partial-length index 
step after the initial treatment, as it is not believed to be 
detrimental to double-treat a short section of the HAS. Alter 
natively, the alternating shaft markers 113 and 114 as shown 
in FIG. 21 can have a length equal to half of the index length 
in order to reduce the length of a double-treated section, 
thereby speeding the overall process. Alternatively, one of the 
adjustable datum embodiments (FIGS. 19 and 20) above can 
be used to create a new datum point Such that the second 
treatment is a full index distance from the initial treatment. 
Alternatively a double treatment can be performed at the 
beginning and/or at the end of the treatment procedure (i.e. 
during the final treatment increment). 
0131. Another embodiment, illustrated in FIGS. 23A and 
23B, comprises printed markers arranged in a repeatable pat 
tern for ease of indexing. For example as mentioned above the 
major 5 cm marks 130 and 131 can have printed numbers 
increasing proximally along the main body shaft 132. 
Between these major marks 130 and 131 there can be centi 
meter marks 133 using a repeated group of the numbers such 
as 1, 2, 3 and 4 or letters such as A, B, C and D. Additionally, 
the shaft can have a pair of movable position-indicating 
sleeves, preferably clear, one of which is shown as 134. As 
shown in FIG. 23B, the proximal-most position-indicating 
sleeve 134 can be placed against the introducer hub 135 
marking the initial shaft marker-number for indexing. If for 
Some reason the procedure was interrupted Such that the 
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physician forgot where he started and what the index datum 
was, the position-indicating sleeve 134 can provide this infor 
mation. The sleeve may indicate this as it is able to stay in 
place due to the friction fit even when the catheter is tempo 
rarily removed from the introducer sheath. When it is 
replaced or the physician comes back to continue treatment 
the sleeve will still be in place. The sleeve in place against the 
introducer hub will imply that the next treatment step is the 
next identical proximal marker-number 136. 
(0132. In an alternative embodiment, illustrated for 
example in FIG. 24, a secondary sheath 140 may be provided 
and held in place by a compressible o-ring type seal 141 (e.g. 
a Touhy Borst adapter) located at the proximal end of the 
secondary sheath 142. In its initial position, the device 143 
has the secondary sheath 142 moved forward so that the distal 
end 145 is up against the distal therapeutic section 144, which 
is configured to limit travel of the secondary sheath, Such as 
being stepped in an increased diameter or by providing a 
physical stop at the distal end Such as a ring attached to the 
proximal end of the therapeutic section 144. In one embodi 
ment, the secondary sheath 142 is shorter in length than the 
main body by one index section. 
0.133 Just prior to the initial treatment, as shown in FIG. 
24D the secondary sheath 142 is adjusted until the change in 
color segments 146 becomes apparent. In an embodiment, 
this means the o-ring 141 on the secondary sheath 142 is 
loosened and then moved proximally while the main body 
catheter 143 and the introducer sheath 147 remain stationary. 
Once the secondary sheath 142 is at the index step color 
transition, the o-ring 141 is tightened. This gives the physi 
cian a starting point so that a full index step can be easily 
done. An untreated section can occur at the end of the HAS 
adjacent to the introducer tip 148. 
0.134 FIG. 25A illustrates an embodiment of an indexing 
system configured to facilitate the regular positioning of the 
heating element during each indexing step by providing auto 
matic verification of a catheter position within the HAS with 
out requiring manual visual or tactile verification of the cath 
eter position by the physician. For example, a plurality of 
mechanically or electrically detectable markers can be used 
to indicate to a physician that an indexing position has been 
reached. For example, a plurality of printed magnetic ink 
marks can be provided on the catheter shaft 150. A magnetic 
reading sensor 151 can be placed adjacent to the introducer 
hub, and joined to a controller configured to produce an 
audible or visible alert when each magnetic marker passes 
underneath the sensor. This system allows for the index dis 
tance to be tracked and indicated to the physician visually and 
or audibly on the generator without requiring the physician to 
visually watch markings on the catheter. 
0135. In an alternative embodiment, FIG. 25B shows a 
device that uses a set of detents 143 along the catheter main 
body shaft. The locator 144, figuratively shown in FIG. 25B, 
fits over the catheter main body shaft. The locator may also 
attach to the introducer hub in order to hold it stationary. As 
the catheter is moved proximally, the follower 145, which 
may comprise a spring loaded cam, may click into a detent 
when it slid under the tip of it. This would provide an audible 
and tactile resistance indicating proper index placement. The 
follower 145 may be a switch connected to the system con 
troller. This switch may tell the system the catheter has been 
indexed to the next position. The system controller may also 
alert the physician that the catheter is ready for treatment by 
audible and visual indicators. 
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0136. In an alternative embodiment, illustrated for 
example in FIG. 26, a temperature sensor 151 (such as a 
thermocouple an RTD (resistive temperature device) or a set 
of contacts that measure resistance) may be placed on the 
shaft 150 of the catheter at a position proximal to the heating 
element 152 by a distance equal to the length of the introducer 
sheath 153. Accordingly, a control system 154 may be located 
within the power source or otherwise in electronic commu 
nication with the sensor. The control system 154 may monitor 
the temperature of the sensor 151 during treatment. When the 
sensor 151 notes a significant drop in temperature relative to 
the patient’s body temperature (e.g. a drop to room tempera 
ture) caused by the sensor 151 leaving the HAS and entering 
the introducer sheath 153, the system alerts the physician that 
the treatment is complete. Such an alert may be in the form of 
a visible light, and audible sound or another alert signal. 
0.137 In the embodiment of FIG. 27, the catheter distal 
section 74 comprises two temperature sensors 160 and 161 on 
the catheter 74. A first sensor 160 is positioned at or near the 
distal end 162 of the heating element 163, and the second 
sensor 161 is positioned at or near the proximal end 164 of the 
heating element 163. In embodiments in which the heating 
element 163 is an electrically resistive coil, “near the end can 
mean that the temperature sensor 160 or 161 is positioned in 
the coil winds, such as about one-quarter to about one-half of 
a centimeter from the end of the coil. In certain embodiments, 
the temperature sensors 160 and 161 are preferably joined to 
a control system 165 configured to determine the temperature 
at each point and to compare these values with one another. 
0.138. In use, the catheter 74 of FIG.27 may be placedinan 
HAS at a desired initial treatment site, which can be located 
using any available technique. Energy can then be applied to 
the HAS in an initial treatment step. After the initial treat 
ment, the device is moved proximally, during which time the 
control system 165 monitors the temperatures sensed by the 
two sensors 160 and 161. The section of the HAS treated in 
the initial step will be at a higher temperature than the sur 
rounding portions of the HAS. A significant drop in the tem 
perature of the proximal sensor 161 relative to the tempera 
ture of the distal sensor 160 implies that the heating element 
has been moved proximally out of the previously-heated 
region. Similarly, a significant drop in temperature (i.e., back 
toward body temperature) detected by the distal temperature 
sensor 160 indicates that the coil has been indexed to the next 
adjacent treatment position. The power source can be manu 
ally activated or programmed to automatically engage power 
once the heating element 160 reaches its next indexed posi 
tion. 
0.139. By placing the temperature sensors in the coil, the 
indexed treatments may create an overlap of adjacent treat 
ment sections. In alternative embodiments, the temperature 
sensors may be positioned at or closer to the proximal 164 and 
distal 162 extents of the heating element 163 in order to 
eliminate or reduce the amount of overlap in adjacent index 
ing positions. 
0140 FIGS. 28 and 29 illustrate embodiments of indexing 
systems configured to facilitate regular indexing movements 
of the catheter without requiring the physician to be part of the 
control system. Also, for example, certain embodiments may 
facilitate automatic movement of the catheter from one posi 
tion to the next indexed position without requiring verifica 
tion of the position by the physician. 
0141 Another alternative embodiment, illustrated for 
example in FIGS. 29A and 29B, uses a pair of o-ring type 
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donuts 170 movably positioned on the catheter shaft 174 and 
joined to one another by a string 171 or a rigid sliding rod 172. 
A first of these o-rings 170 may be attached to the introducer 
hub 172, while the second 173 is permitted to move axially 
along the length of the catheter 174, yet with sufficient fric 
tion that it may also be used to grip and move the catheter 174 
axially. 
0142. The system of this embodiment generally operates 
by movement of the o-rings after a treated section has been 
completed. In certain embodiments, before moving the cath 
eter, both o-rings 170 and 173 should be placed against the 
introducer hub 172 by sliding them on the catheter shaft. Next 
the more proximal o-ring 173 and the catheter shaft are 
moved in tandem proximally away from the distal O-ring and 
introducer hub (also in tandem) until its motion is arrested by 
the string or rod 171 or 172. This places the therapeutic 
element in a new adjacent section for treatment. 
0143. In certain embodiments, the o-ring adjacent the 
introducer hub can be held against the introducer sheath hub 
manually. Alternatively, the first o-ring may be configured to 
have an interference fit or mechanical luer lock fit in order to 
attach to the introducer sheath hub. 

0144. If the o-rings 178 and 179 shown in FIG.27C are to 
be joined to one another by a rod 172, the rod is preferably 
configured to limit the axial travel of the first o-ring 178 with 
respect to the second o-ring 179. In this embodiment, the 
o-rings 178 and 179 may have a tab extending radially out 
wards with a hole 180 therethrough. The rod 172 may fit 
through the two holes 180 of both modified o-rings 178 and 
179. This rod 172 may have stops 181 on both ends. In one 
embodiment, the rod ends can resemble flat head nails. 
(0145 Alternatively, the O-rings 170 and 173 can be 
shaped like a turkey wish bone. The side legs may fit around 
the catheter shaft in such a way that it can be easier to slide 
axially along the shaft than come off of it. An appropriate 
elastic type of material such as silicone, KRATONR), ure 
thane, or the like can be used so that the component can be 
pushed onto the shaft and have an interference fit in order to 
help anchor the component in place until it is manually 
moved. As previously mentioned, the single short tab of the 
wishbone can be the extended tab with the hole 178 in it. The 
string or the sliding stop can use these holes as mentioned 
above. 
0146. Once the catheter is in position so that the heating 
element is at an initial treatment site, both markers 170 and 
173, shown in FIG. 29B, are placed against the introducer 
sheath hub 172, and the initial treatment is performed. The 
catheter 174 is then indexed, and a second treatment is per 
formed. After the initial and subsequent treatments, the cath 
eter is indexed back or away from the initial treatment site. 
The distance indexed is determined or limited by the length of 
the string or sliding stop. By having the o-ring 170, which is 
adjacent to the introducer hub 172, remain there during the 
movement of the catheter 174, the second o-ring 173 moves 
with the catheter until it is stopped by the string 171 or sliding 
arm 172. This limit is visually apparent. Once indexed, the 
unanchored o-ring 173 is repositioned back adjacent to the 
stationary o-ring at the introducer hub. 
0147 FIGS. 30 through 32 illustrate embodiments 
employing various linkages to index the catheter by a desired 
amount. FIG. 30 illustrates a device comprising a linkage 
with two hinged arms 190 and 191. The linkage arms 190 and 
191 are of substantially equal length and hinged together. In 
certain embodiments, the range of movement of the linkage 
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arms is about 0 to about 180 degrees. The range may be based 
upon the limit of travel due to the cylinders 192 and 193 
coming together (0 degrees) and when the linkage arm ends 
are tandem (e.g., the inverted “V” is spread open (180 
degrees)). 
0148. This illustrated linkage 191 is connected to an 
anchor component 192 which attaches to the introducer hub 
172. The linkage 191 to anchor connection may also comprise 
a hinge. Agrip component 193 is attached to the opposite end 
194 of the linkage 190. This grip 193 is attached by a hinge 
connection 194 and is used to maneuver the catheter shaft 
174. The linkage 195 may also have a spring or elastic com 
ponent further linking the two arms 190 and 191 and can keep 
the device in a preferred position when not in use. Such a 
preferred position involves the grip component 193 being 
located adjacent to the anchor 192 and introducer hub 172. 
0149. In one embodiment, the grip 193 is a component 
which straddles the catheter shaft 174, and may be, for 
example, cylindrical. In one embodiment, the grip 193 is not 
a complete circle and comprises an open section configured to 
receive the catheter therein without the need for threading the 
catheter through the center of the grip 193. In certain embodi 
ments, the hinged end 194 of the linkage arm 190 is attached 
to an extended set of tabs 195 at one end of the grip 193. The 
physician can effectively pinch the grip tabs 195 with the 
thumb and forefinger, which in turn captures the catheter 
shaft. The inner radial surface of the grip 193 can be, for 
example, a soft tacky type of silicone or KRATON. 
0150 FIG. 31A illustrates another embodiment of a 
mechanism that is similar to the previous linkage arm 195. In 
this embodiment, there are two sets of arms 200 and 201, 
making the device Substantially symmetrical. The anchor 
component 202, which attaches to the introducer hub 172 
may be essentially the same as the embodiment of FIG. 30 
except that both linkage arms 203 and 204 of this embodiment 
may be attached to it, and/or these connections can be hinged 
as well. At least one of the linkage arms 200 and 201 may also 
have a spring or elastic component to keep the device in a 
preferred position when not in use. This preferred position is 
to have the grip component 205 adjacent to the anchor 202 
and introducer hub 172. 

0151. As previously mentioned, the two linkage arms sets 
are each made of two rods of substantially equal length, Such 
that all four arms are equal. Each pair is hinged together. The 
range of movement is preferably about 0 to about 180 
degrees, although the device can be limited to narrower 
ranges as desired. 
0152 The grip component 205 may be attached by a hinge 
for each of the two arms. An alternative embodiment may 
include a complete cylindrical component that is threaded 
over the catheter shaft. As shown in FIG. 31B, by use of at 
least one o-ring inside the grip 205, the double arm linkage 
can grip the shaft as it was indexed and release as the mecha 
nism returned to the adjacent position next to the introducer 
hub. The o-ring inside the grip 205 may have an interference 
fit on the catheter shaft 172. When the grip is moved away 
from the introducer hub, the o-ring may come against a 
tapered Surface 206, which can cause the o-ring to tighten its 
fit on the catheter shaft. The tapered surface may be of an 
angle to accommodate two o-rings 207 of different sizes for 
improved gripping forces. 
0153. For ease of use of this mechanism, in certain 
embodiments, the apex of both linkage arms may have an 
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additional component 208 that the thumb and finger can push 
against to make the device work. 
0154 FIG. 32A illustrates another embodiment of an 
indexing device comprising a mechanical indexing handle 
220. This illustrated embodiment of the indexing handle 220 
may be threaded over the main catheter body 172 and treated 
as an accessory. The indexing handle front end 223 may be 
configured to securely attach to the hub 172 end of an intro 
ducer sheath. The introducer sheath can become the station 
ary basis to index the catheter 172 during treatment of the 
HAS. This indexing handle 220 can be designed to step the 
main body of the catheter 172 proximally a set distance rela 
tive to the introducer hub. 
(O155 In the embodiment of FIG. 32A, the accessory 
handle engages the catheter main body for indexing. In cer 
tain embodiments, the catheter cable is connected to the gen 
erator in the standard fashion and is separate from the index 
ing handle. The handle may have a set trigger travel or a set 
index distance. As the handle is triggered, the mechanism 
grasps the catheter main body and moves it proximal relative 
to the handle, which is stationary. At the end of the travel, the 
handle mechanism then releases the catheter main body and 
returns to its initial position. In certain embodiments, this 
mechanism us similar to the o-rings shown is FIG. 31B. 
Alternatively, the mechanism may be a cam action compo 
nent which is pushed against the main body tube as it starts its 
pullback and then is released at the end of the travel or index 
distance. 

0156 An alternative embodiment of the index handle is 
illustrated in FIG. 32B, and comprises two cables and is 
substantially integral to the catheter main body 172. In certain 
embodiments, the cable 222 extends from the proximal end of 
the catheter main body to the indexing handle 224. The handle 
224 may have one or two switches, such as an OFF button and 
an ON button to remotely control the power from the genera 
tor during treatment as required. Alternatively this may be a 
toggle Switch to combine the two modes. Alternatively, this 
may be a momentary Switch which signals the generator to 
power up or power down. The handle may have the second 
cable 221 extending from it and can be designed to connect to 
the generator. 
(O157 FIGS. 33 through 34 show several alternative 
embodiments using a remote Switch integral to the handle or 
as a separate remote switch. FIG.33A shows the buttons 230 
integral to the catheter handle 231 and the cable 221 attached 
to the generator 154. FIG. 33B illustrates an alternative 
embodiment with the remote switches 232 separate from the 
catheter handle 231. In certain embodiments, the remote 
cable and the cable to the generator join within the catheter 
handle 231. 

0158 FIG. 34A illustrates yet another embodiment show 
ing the remote Switches on a separate cable 240 to the gen 
erator 154. The illustrated catheter cable 221 and catheter are 
separate from the remote. FIG. 34B illustrates a similar 
embodiment and shows a footswitch and cable 250 in place of 
the remote cable 240. 
0159 FIG. 35 illustrates an embodiment of an indexing 
system that relies on information input to a control system. In 
certain embodiments, the software of the control system 
determines the length and number of index steps based on the 
information from the user. The relevant information may 
include the length of the inserted portion of the catheter after 
final placement and the overall length of the introducer sheath 
from tip to the back end of the hub. The software determines 
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the index step so the treatments can overlap for the total 
treatment of the Saphenous vein starting at the SFJ and ending 
near the introducer sheath tip. FIG. 35 illustrates an embodi 
ment of the information screen of the control system. The 
items 260 through 266 point out information which may be 
displayed during treatment. Item 260 indicates the elapsed 
time from the start of the treatment. The actual elapsed time 
for the specific index treatment 261, the temperature of the 
current treatment 262, the index step in progress of the full 
treatment 263, the number of index segments completed 264, 
the index segment currently being treated 265, and the power 
being used for the current index segment treatment are also 
shown. In certain embodiments, items 263 and 265 are deter 
mined by the controller using the physician input of the cath 
eter inserted length and the introducer sheath length. FIG. 36 
illustrates a general flowchart of the control system from the 
physicians’ point of view and indicates the steps as they 
pertain to the treatment, according to one embodiment of the 
invention. 

0160 Methods of using an indexing HAS treatment sys 
tem will now be described. The methods described hereincan 
employ any suitable device described above or otherwise 
known to the skilled artisan. For example, in one embodi 
ment, an indexing method can comprise inserting a heating 
element with a length of about 5 to about 7 cm into a distal 
most section of an HAS to be treated. Power can then be 
applied to the heating element for a desired length of time to 
treat the segment of the HAS adjacent to the heating element. 
After a desired dwell time, the power supply to the heating 
element can be reduced or shut off. With the power off (or 
Substantially reduced), the heating element may be indexed 
proximally (i.e., the heating element can be moved proxi 
mally until the distal end of the heating element is adjacent to 
the proximal end of the segment of the HAS that was just 
treated). 
0161 An example of an index treatment includes treat 
ment at a temperature between approximately 95° C. and 
approximately 110° C. for a dwell time of approximately 20 
seconds or less. In a more preferred embodiment, the pre 
ferred index treatment is performed at approximately 95°C. 
for a dwell time of approximately 20 seconds. The ramp time 
to temperature may be approximately 10 seconds or less, with 
a preferred time of approximately 5 seconds or less. The 
intent is to reach and maintain the treatment temperature 
quickly in order to apply heat to the HAS in a local manner. 
Once a section is treated, the distal therapeutic portion of the 
catheter is moved to the adjacent section. In certain embodi 
ments, the catheter has an overlap portion of approximately 1 
cm or less to substantially reduce or eliminate the number of 
under-treated sections or gaps as mentioned earlier. This pro 
cess is repeated until the treatment of the HAS is complete. 
Temperatures like 110° C. at a shorter dwell time are also 
possible, but the depth of treatment varies. 
0162 Except as further described herein, any of the cath 
eters disclosed herein may, in Some embodiments, be similar 
to any of the catheters described in U.S. Pat. No. 6,401,719, 
issued Jun. 11, 2002, titled METHOD OF LIGATING HOL 
LOW ANATOMICAL STRUCTURES; or in U.S. Pat. No. 
6,179,832, issued Jan. 30, 2001, titled EXPANDABLE 
CATHETER HAVING TWO SETS OF ELECTRODES; or 
in U.S. patent application Ser. No. 1 1/222,069, filed Sep. 8, 
2005, titled METHODS AND APPARATUS FOR TREAT 
MENT OF HOLLOW ANATOMICAL STRUCTURES. In 
addition, any of the catheters disclosed herein may, in certain 
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embodiments, be employed in practicing any of the methods 
disclosed in the above-mentioned U.S. Pat. No. 6,401,719 or 
6,179.832, or the above-mentioned U.S. patent application 
Ser. No. 1 1/222,069 filed Sep. 8, 2005. The entirety of each of 
these patents and application is hereby incorporated by ref 
erence herein and made a part of this specification. 
(0163 While certain embodiments of the inventions have 
been described, these embodiments have been presented by 
way of example only, and are not intended to limit the scope 
of the inventions. Indeed, the novel methods and systems 
described herein may be embodied in a variety of otherforms: 
furthermore, various omissions, Substitutions and changes in 
the form of the methods and systems described herein may be 
made without departing from the spirit of the inventions. 

1. (canceled) 
2. An apparatus for treatment of a hollow anatomical struc 

ture (HAS), the apparatus comprising: 
a catheter sized for insertion into the HAS, the catheter 

including an elongate shaft having a proximal end, a 
distal end, and a working length adjacent the distal end; 
and 

a plurality of energy application devices positioned 
sequentially along a longitudinal axis of the catheter 
along the working length; 

wherein the energy application devices are configured to be 
energized sequentially, Such that each energy applica 
tion device is energized for a preset dwell time, and after 
the dwell time has elapsed a next one of the energy 
application devices is energized for the preset dwell 
time. 

3. The apparatus of claim 2, wherein the dwell time is 
approximately 0.2 seconds. 

4. The apparatus of claim 3, wherein each of the energy 
application devices is energized for a total of approximately 
0.6 seconds during each cycle. 

5. The apparatus of claim 2, wherein three of the energy 
application devices are energized at a time. 

6. The apparatus of claim 5, wherein during a first treat 
ment cycle a first one, a second one, and a third one of the 
energy application devices are energized, and during a second 
treatment cycle the secondone, the third one, and a fourth one 
of the energy application devices are energized. 

7. The apparatus of claim 6, wherein during a third treat 
ment cycle the third one, the fourth one, and a fifth one of the 
energy application devices are energized. 

8. The apparatus of claim 2, wherein the energy application 
devices comprise electrically resistive coils. 

9. The apparatus of claim 8, further comprising at least one 
insulative outer sleeve encasing the resistive coils so as to 
prevent electrical contact and electrical conduction with tis 
SC. 

10. The apparatus of claim 2, further comprising at least 
one temperature sensor. 

11. The apparatus of claim 10, further comprising a plural 
ity of temperature sensors, each of the temperature sensors 
corresponding to one of the energy application devices. Such 
that each of the energy application devices is individually 
temperature controlled. 

12. The apparatus of claim 2, wherein the sequential energy 
application devices may be used in a power control mode that 
relies on manual energy control. 

13. The apparatus of claim 2, further comprising a tem 
perature sensor associated with a distal-most one of the 
energy application devices, wherein the distal-most one of the 
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energy application devices is used for an initial treatment, and 
Successive ones of the energy application devices use a same 
energy-time profile as the distal-most one of the energy appli 
cation devices. 

14. The apparatus of claim 2, wherein energizing each of 
the energy application devices comprises multiplexing 
through each of the energy application devices. 

15. The apparatus of claim 2, wherein the dwell time spans 
a duration from a start of a treatment of an adjacent portion of 
the HAS until a completion of the treatment of the adjacent 
portion of the HAS. 

16. A method for treating a hollow anatomical structure 
(HAS), the method comprising: 

inserting a catheter into the HAS, the catheter including 
an elongate shaft having a proximal end, a distalend, and 

a working length adjacent the distal end; and 
a plurality of energy application devices positioned 

sequentially along a longitudinal axis of the catheter 
along the working length; 

advancing the catheter through the HAS until the working 
length is located at a treatment site; and 

applying energy sequentially to the energy application 
devices. Such that each energy application device is 
energized for a preset dwell time, and after the dwell 
time has elapsed a next one of the energy application 
devices is energized for the preset dwell time, thereby 
heating and constricting a lumen of the HAS at the 
treatment site. 

17. The method of claim 16, wherein the dwell time is 
approximately 0.2 seconds. 

18. The method of claim 17, wherein each of the energy 
application devices is energized for a total of approximately 
0.6 seconds during each cycle. 

19. The method of claim 16, wherein three of the energy 
application devices are energized at a time. 

20. The method of claim 19, wherein during a first treat 
ment cycle a first one, a second one, and a third one of the 
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energy application devices are energized, and during a second 
treatment cycle the secondone, the third one, and a fourth one 
of the energy application devices are energized. 

21. The method of claim 20, wherein during a third treat 
ment cycle the third one, the fourth one, and a fifth one of the 
energy application devices are energized. 

22. The method of claim 16, wherein the energy applica 
tion devices comprise electrically resistive coils. 

23. The method of claim 22, wherein the energy applica 
tion devices further comprise at least one insulative outer 
sleeve encasing the resistive coils so as to prevent electrical 
contact and electrical conduction with tissue. 

24. The method of claim 16, wherein the energy applica 
tion devices further comprise at least one temperature sensor. 

25. The method of claim 24, wherein the energy applica 
tion devices further comprise a plurality of temperature sen 
sors, each of the temperature sensors corresponding to one of 
the energy application devices, such that each of the energy 
application devices is individually temperature controlled. 

26. The method of claim 16, further comprising using the 
sequential energy application devices in a power control 
mode that relies on manual energy control. 

27. The method of claim 16, further comprising a tempera 
ture sensor associated with a distal-most one of the energy 
application devices, wherein the distal-most one of the energy 
application devices is used for an initial treatment, and Suc 
cessive ones of the energy application devices use a same 
energy-time profile as the distal-most one of the energy appli 
cation devices. 

28. The method of claim 16, wherein energizing each of the 
energy application devices comprises multiplexing through 
each of the energy application devices. 

29. The method of claim 16, wherein the dwell time spans 
a duration from a start of a treatment of an adjacent portion of 
the HAS until a completion of the treatment of the adjacent 
portion of the HAS. 


