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This relates to methods and devices for achieving contact
between the wall of a cavity or passageway and a medical
device when used in tortuous anatomy.
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ENERGY DELIVERY DEVICES AND METHODS
BACKGROUND OF THE INVENTION

0001 Asthma is a disease in which (i) bronchoconstric
tion, (ii) excessive mucus production, and (iii) inflammation
and Swelling of airways occur, causing widespread but
variable airflow obstruction thereby making it difficult for
the asthma Sufferer to breathe. Asthma is a chronic disorder,

primarily characterized by persistent airway inflammation.
However, asthma is further characterized by acute episodes
of additional airway narrowing via contraction of hyper
responsive airway Smooth muscle.
0002 Asthma is managed pharmacologically by: (1) long
term control through use of anti-inflammatories and long
acting bronchodilators and (2) short term management of
acute exacerbations through use of short-acting bronchodi
lators. Both of these approaches require repeated and regular
use of the prescribed drugs. High doses of corticosteroid
anti-inflammatory drugs can have serious side effects that
require careful management. In addition, some patients are
resistant to steroid treatment. The difficulty involved in
patient compliance with pharmacololgic management and
the difficulty of avoiding stimulus that triggers asthma are
common barriers to Successful asthma management.
0003 Current management techniques are neither com
pletely successful nor free from side effects. Presently, a new
treatment for asthma is showing promise. This treatment
comprises the application of energy to the airway Smooth
muscle tissue. Additional information about this treatment

may be found in commonly assigned patents and applica
tions in U.S. Pat. Nos. 6,411,852, 6,634,363 and U.S.

published application nos. US-2005-0010270-A1 and
US-2002-0091379-A1, the entirety of each of which is
incorporated by reference.
0004 The application of energy to airway smooth muscle
tissue, when performed via insertion of a treatment device
into the bronchial passageways, requires navigation through
tortuous anatomy as well as the ability to treat a variety of
sizes of bronchial passageways. As discussed in the above
referenced patents and applications, use of an RF energy
delivery device is one means of treating Smooth muscle
tissue within the bronchial passageways.
0005 FIG. 1A illustrates a bronchial tree 90. As noted
herein, devices treating areas of the lungs must have a
construction that enables navigation through the tortuous
passages. As shown, the various bronchioles 92 decrease in
size and have many branches as they extend into the right
and left bronchi 94. Accordingly, an efficient treatment
requires devices that are able to treat airways of varying
sizes as well as function properly when repeatedly deployed
after navigating through the tortuous anatomy.
0006 Tortuous anatomy also poses challenges when the
treatment device requires mechanical actuation of the treat
ment portion (e.g., expansion of a treatment element at a
remote site). In particular, attempting to actuate a member
may be difficult in view of the fact that the force applied at
the operators hand-piece must translate to the distal end of
the device. The strain on the operator is further intensified
given that the operator must actuate the distal end of the
device many times to treat various portions of the anatomy.
When a typical device is contorted after being advanced to

a remote site in the lungs, the resistance within the device
may be amplified given that internal components are forced
together.
0007. It is also noted that the friction of polymers is
different from that of metals. Most polymers are viscoelastic
and deform to a greater degree under load than metals.
Accordingly, when energy or force is applied to move two
polymers against each other, a significant part of friction
between the polymers is the energy loss through inelastic
hysteresis. In addition, adhesion between polymers also
plays a significant part in the friction between such poly
CS.

0008. In addition to basic considerations of navigation
and site access, there exists the matter of device orientation

and tissue contact at the treatment site. Many treatment
devices make contact or are placed in close proximity to the
target tissue. Yet, variances in the construction of the treat
ment device may hinder proper alignment or orientation of
the device. For example, in the case of a device having a
basket-type energy transfer element that is deployed intralu
menally, the treatment may benefit from uniform contact of
basket elements around the perimeter of the lumen. How
ever, in this case, design or manufacturing variances may
tend to produce a device where the angle between basket
elements is not uniform. This problem tends to be exacer
bated after repeated actuation of the device and/or navigat
ing the device through tortuous anatomy when the imper
fections of the device become worsened through plastic
deformation of the individual components. Experience dem
onstrates that once a member becomes predisposed to splay
ing (i.e., not maintaining the desired angular separation from
an adjacent element), or inverting (i.e., buckling inward
instead of deploying outward), the problem is unlikely to
resolve itself without requiring attention by the operator. As
a result, the operator is forced to remove the device from the
patient, make adjustments, then restart treatment. This inter
ruption tends to increase the time of the treatment session.
0009. As one example, commonly assigned U.S. Pat. No.
6,411.852, incorporated by reference herein, describes a
treatment for asthma using devices having flexible electrode
members that can be expanded to better fill a space (e.g., the
lumen of an airway.) However, the tortuous nature of the
airways was found to cause significant bending and/or
flexure of the distal end of the device. As a result, the spacing
of electrode members tended not to be even. In some

extreme cases, electrode elements could tend to invert,

where instead of expanding an electrode leg would invert
behind an opposing leg.
0010 For many treatment devices, the distortion of the
energy transfer elements might cause variability in the
treatment effect. For example, many RF devices heat tissue
based on the tissue's resistive properties. Increasing or
decreasing the Surface contact between the electrode and
tissue often increases or decreases the amount of current

flowing through the tissue at the point of contact. This
directly affects the extent to which the tissue is heated.
Similar concerns may also arise with resistive heating ele
ments, devices used to cool the airway wall by removing
heat, or any energy transfer device. In any number of cases,
variability of the energy transfer/tissue interface causes
variability in treatment results. The consequential risks
range from an ineffective treatment to the possibility of
patient injury.
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0011 Furthermore, most medical practitioners recognize
the importance of establishing acceptable contact between
the transfer element and tissue. Therefore, distortion of the

transfer element or elements increases the procedure time
when the practitioner spends an inordinate amount of time
adjusting a device to compensate for or avoid Such distor
tion. Such action becomes increasingly problematic in those
cases where proper patient management limits the time
available for the procedure.
0012 For example, if a patient requires an increasing
amount of medication (e.g., sedatives or anesthesia) to
remain under continued control for performance of the
procedure, then a medical practitioner may limit the proce
dure time rather than risk overmedicating the patient. As a
result, rather than treating the patient continuously to com
plete the procedure, the practitioner may plan to break the
procedure in two or more sessions. Subsequently, increasing
the number of sessions poses additional consequences on the
part of the patient in cost, the residual effects of any
medication, adverse effects of the non-therapeutic portion of
the procedure, etc.
0013 In view of the above, the present methods and
devices described herein provide an improved means for
treating tortuous anatomy Such as the bronchial passages. It
is noted that the improvements of the present device may be
beneficial for use in other parts of the anatomy as well as the
lungs.
SUMMARY OF THE INVENTION

0014. The present invention includes devices configured
to treat the airways or other anatomical structures, and may
be especially useful in tortuous anatomy. The devices
described herein are configured to treat with uniform or
predictable contact (or near contact) between an active
element and tissue. Typically, the invention allows this result
with little or no effort by a physician. Accordingly, aspects
of the invention offer increased effectiveness and efficiency
in carrying out a medical procedure. The increases in
effectiveness and efficiency may be especially apparent in
using devices having relatively longer active end members.
0015. In view of the above, a variation of the invention
includes a catheter for use with a power Supply, the catheter
comprising a flexible elongate shaft coupled to at least one
energy transfer element that is adapted to apply energy to the
body lumen. The shaft will have a flexibility to accommo
date navigation through tortuous anatomy. The energy trans
fer elements are described below and include basket type
design, or other expandable designs that permit reduction in
size or profile to aid in advancing the device to a particular
treatment site and then may be expanded to properly treat the
target site. The basket type designs may be combined with
expandable balloon or other similar structures.
0016 Variations of the device can include an elongate
sheath having a near end, a far end adapted for insertion into
the body, and having a flexibility to accommodate naviga
tion through tortuous anatomy, the sheath having a passage
way extending therethrough, the passageway having a lubri
cious layer extending from at least a portion of the near end
to the far end of the sheath. Where the shaft is slidably
located within the passageway of the sheath.
0017 Variations of devices described herein can include
a connector for coupling the energy transfer element to the

power Supply. The connector may be any type of connector
commonly used in Such applications. Furthermore, the con
nector may include a cable that is hard-wired to the catheter
and connects to a remote power Supply. Alternatively, the
connector may be an interface that connects to a cable from
the power Supply.
0018. As noted below, variations of the device allow for
reduce friction between the shaft and sheath to allow rela

tively low force advancement of a distal end of the shaft out
of the far end of the sheath for advancement the energy
transfer element.

0019. Additional variations of the invention include
devices allowing for repeatable deployment of the expand
able energy transfer element while maintaining the orienta
tion and/or profile of the components of the energy transfer
element. One such example includes an energy transfer
basket comprising a plurality of legs, each leg having a distal
end and a proximal end, each leg having a flexure length that
is less than a full length of the leg. The legs are coupled to
near and far alignment components. The near alignment
component includes a plurality of near seats extending along
an axis of the alignment component. The near alignment
component can be secured to the elongate shaft of the
device. The far alignment component may have a plurality
of far seats extending along an axis of the alignment
component, where the plurality of near seats are in align
ment with the plurality of far seats. In these variations of the
device, each distal end of each leg is nested within a far seat
of the far alignment component and each proximal end of
each leg is nested within a near seat of the near alignment
component Such that an angle between adjacent legs is
determined by an angle between adjacent near seats and the
flexure length of each length is determined by the distance
between near and far alignment components.
0020. One or both of the components may include stops
that control flexure length of each leg. Such a design
increases the likelihood that the flexure of each leg is
uniform.

0021. An additional variation of the device includes a
catheter for use in tortuous anatomy to deliver energy from
a power Supply to a body passageway. Such a catheter
includes an expandable energy transfer element having a
reduced profile for advancement and an expanded profile to
contact a surface of the body passageway and an elongate
shaft having a near end, a far end adapted for insertion into
the body, the expandable energy transfer element coupled to
the far end of the shaft, the shaft having a length sufficient
to access remote areas in the anatomy. The design of this
shaft includes a column strength sufficient to advance the
expandable energy transfer element within the anatomy, and
a flexibility that permits self-centering of the energy transfer
element when expanded to contact the surface of the body
passageway.
BRIEF DESCRIPTION OF THE DRAWINGS

0022. Each of the following figures diagrammatically
illustrates aspects of the invention. Variation of the invention
from the aspects shown in the figures is contemplated.
0023 FIG. 1 is an illustration of the airways within a
human lung.
0024 FIG. 2A is a schematic view of an exemplary
system for delivering energy according to the present inven
tion.
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0.025 FIG. 2B is a side view of a device extending out of
an endoscope?bronchoscope, where the device has an active
distal end for treating tissue using energy delivery.
0026 FIGS. 3A-3G show various features of the device
allowing for low force deployment of the energy element.
0027 FIGS. 4A-4C illustrate various alignment compo
nents of the device.

0028 FIGS. 4D-4E demonstrate the alignment compo
nents coupled to a leg of the device.
0029 FIGS. 4F-4H illustrate an additional variation of an
alignment component.
0030 FIGS. 5A-5B is a variation of an energy transfer
element according to the present device.
0031 FIGS. 5C-5D show variations in which the legs of
the device are biased to expand outward.
0032 FIGS. 6A-6C show various basket configurations
for the device.

0033 FIGS. 7A-7D illustrate various features of varia
tions of legs for use with the present devices.
0034 FIGS. 8A-8D show various junctions for use with
the present devices to improve alignment when the device is
advanced through tortuous anatomy.
0035 FIGS. 9A-9J are addition variations of junctions.

0036 FIGS. 10A-10D shows additional variations of

junctions for use in the present devices.

DETAILED DESCRIPTION

0037. It is understood that the examples below discuss
uses in the airways of the lungs. However, unless specifi
cally noted, the invention is not limited to use in the lung.
Instead, the invention may have applicability in various
parts of the body. Moreover, the invention may be used in
various procedures where the benefits of the device are
desired.

0038 FIG. 2A shows a schematic diagram of one
example of a system 10 for delivering therapeutic energy to
tissue of a patient for use with the device described herein.
The illustrated variation shows, the system 10 having a
power Supply (e.g., consisting of an energy generator 12, a
controller 14 coupled to the energy generator, a user inter
face surface 16 in communication with the controller 14). It
is noted that the device may be used with a variety of
systems (having the same or different components). For
example, although variations of the device shall be
described as RF energy delivery devices, variations of the
device may include resistive heating systems, infrared heat
ing elements, microwave energy systems, focused ultra
Sound, cryo-ablation, or any other energy deliver System. It
is noted that the devices described should have sufficient

length to access the tissue targeted for treatment. For
example, it is presently believed necessary to treat airways
as Small as 3 mm in diameter to treat enough airways for the
patient to benefit from the described treatment (however, it
is noted that the invention is not limited to any particular size
of airways and airways Smaller than 3 mm may be treated).
Accordingly, devices for treating the lungs must be suffi
ciently long to reach deep enough into the lungs to treat
these airways. Accordingly, the length of the sheath/shaft of
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the device that is designed for use in the lungs should
preferably be between 1.5-3 ft long in order to reach the
targeted airways.
0.039 The particular system 10 depicted in FIG. 2A is one
having a user interface as well as safety algorithms that are
useful for the asthma treatment discussed above. Addition

information on such a system may be found in U.S. Provi
sional application No.: 60/674,106, filed Apr. 21, 2005
entitled CONTROL METHODS AND DEVICES FOR

ENERGY DELIVERY, the entirety of which is incorporated
by reference herein.
0040. Referring again to FIG. 2A, a variation of a device
100 described herein includes a flexible sheath 102, an

elongate shaft 104 (in this example, the shaft extends out
from the distal end of the sheath 102), and a handle or other
operator interface 106 (optional) secured to a proximal end
of the sheath 102. The distal portion of the device 100
includes an energy transfer element 108 (e.g., an electrode,
a basket electrode, a resistive heating element, cyroprobe,
etc.). Additionally, the device includes a connector 110
common to such energy delivery devices. The connector 110
may be integral to the end of a cable 112 as shown, or the
connector 110 may be fitted to receive a separate cable 112.
In any case, the device is configured for attachment to the
power Supply via Some type connector 110. The elongate
portions of the device 102 and 104 may also be configured
and sized to permit passage through the working lumen of a
commercially available bronchoscope or endoscope. As
discussed herein, the device is often used within an endo

scope, bronchoscope or similar device. However, the device
may also be advanced into the body with or without a
steerable catheter, in a minimally invasive procedure or in an
open Surgical procedure, and with or without the guidance of
various vision or imaging systems.
0041 FIG. 2A also illustrates additional components
used in variations of the system. Although the depicted
systems are shown as RF type energy delivery systems, it is
noted that the invention is not limited as such. Other energy
delivery configurations contemplated may include or not
require some of the elements described below. The power
supply (usually the user interface portion 16) shall have
connections 20, 28, 30 for the device 100, return electrode

24 (if the system 10 employs a monopolor RF configura
tion), and actuation pedal(s) 26 (optional). The power Supply
and controller may also be configured to deliver RF energy
to an energy transfer element configured for bipolar RF
energy delivery. The user interface 16 may also include
visual prompts 32, 60, 68, 74 for user feedback regarding
setup or operation of the system. The user interface 16 may
also employ graphical representations of components of the
system, audio tone generators, as well as other features to
assist the user with system use.
0042. In many variations of the system, the controller 14
includes a processor 22 that is generally configured to accept
information from the system and system components, and
process the information according to various algorithms to
produce control signals for controlling the energy generator
12. The processor 22 may also accept information from the
system 10 and system components, process the information
according to various algorithms and produce information
signals that may be directed to the visual indicators, digital
display or audio tone generator of the user interface in order

Apr. 26, 2007

US 2007/0093802 A1

to inform the user of the system status, component status,
procedure status or any other useful information that is being
monitored by the system. The processor 22 of the controller
14 may be digital IC processor, analog processor or any
other Suitable logic or control system that carries out the
control algorithms. U.S. Provisional application no. 60/674,
106 filed Apr. 21, 2005 entitled CONTROL METHODS
AND DEVICES FOR ENERGY DELIVERY the entirety of
which is incorporated by reference herein.
0.043 FIG. 2B illustrates one example of an energy
transfer element 108. In this example the energy transfer
element 108 is a “basket-type' configuration that requires
actuation for expansion of the basket in diameter. Such a
feature is useful when the device is operated intralumenally
or in anatomy such as the lungs due to the varying size of the
bronchial passageways that may require treatment. As illus
trated, the basket contains a number of arms 120 which carry
electrodes (not shown). In this variation the arms 120 are
attached to the elongated shaft 104 at a proximal end while
the distal end of the arms 120 are affixed to a distal tip 122.
To actuate the basket 108 a wire or tether 124 is affixed to

the distal tip 122 to enable compression of the arms 120
between the distal tip 122 and elongate sheath 104.
0044 FIG. 2B also illustrates the device 100 as being
advanced through a working channel 32 of a bronchoscope
18. While a bronchoscope 18 may assist in the procedure,
the device 100 may be used through direct insertion or other
insertion means as well.

0045. As noted above, some variations of the devices
described herein have sufficient lengths to reach remote
parts of the body (e.g., bronchial passageways around 3 mm
in diameter). FIGS. 3A-3G illustrate various configurations
that reduce the force required to actuate the device's basket
or other energy transfer element.
0046 FIG. 3A illustrates a cross section taken from the
sheath 102 and elongate shaft 104. As shown, the sheath 102
includes an outer layer 126 and an inner lubricious layer
128. The outer layer 126 may be any commonly known
polymer such as Nylon, PTFE, etc. The lubricious layers 128
discussed herein may comprise a lubricious polymer (for
example, HDPE, hydrogel, polytetrafluoroethylene). Typi
cally, lubricious layer 128 will be selected for optimal
pairing with the shaft 104. One means to select a pairing of
polymers is to maximize the difference in Gibbs surface
energy between the two contact layers. Such polymers may
also be chose to give the lubricious layer 128 a different
modulus of elasticity than the outer layer 126. For example,
the modulus of the lubricious layer 128 may be higher or
lower than that of the outer layer 126.
0047 Alternatively, or in combination, the lubricious
layers may comprise a fluid or liquid (e.g., silicone, petro
leum based oils, food based oils, saline, etc.) that is either
coated or sprayed on the interface of the shaft 104 and sheath
102. The coating may be applied at the time of manufacture
or at time of use. Moreover, the lubricious layers 128 may
even include polymers that are treated such that the surface
properties of the polymer changes while the bulk properties
of the polymer are unaffected (e.g., via a process of plasma
Surface modification on polymer, fluoropolymer, and other
materials). Another feature of the treatment is to treat the
surfaces of the devices with substances that provide anti
bacterial/antimicrobial properties.

0048. In one variation of the invention, the shaft 104
and/or sheath 102 will be selected from a material to provide
Sufficient column strength to advance the expandable energy
transfer element within the anatomy. Furthermore, the mate
rials and or design of the shaft/sheath will permit a flexibility
that allows the energy transfer element to essentially self
align or self-center when expanded to contact the Surface of
the body passageway. For example, when advanced through
tortuous anatomy, the flexibility of this variation should be
Sufficient that when the energy transfer element expands, the
shaft and/or sheath deforms to permit self-centering of the
energy transfer element. It is noted that the other material
selection and/or designs described herein shall aid in pro
viding this feature of the invention.
0049 FIG. 3A also depicts a variation of a shaft 104 for
use in the present device. In this variation the shaft 104
includes a corrugated surface 130. It is envisioned that the
corrugated surface 130 may include ribbed, textured, scal
loped, striated, ribbed, undercut, polygonal, or any similar
geometry resulting in a reduced area of Surface contact with
any adjoining Surface(s). The corrugated Surface 130 may
extend over a portion or the entire length of the shaft 104.
In addition, the shape of the corrugations may change at
varying points along the shaft 104.
0050. The shaft 104 may also include one or more lumens
132, 134. Typically, one lumen will suffice to provide power
to the energy transfer elements (as discussed below). How
ever, in the variation show, the shaft may also benefit from
additional lumens (such as lumens 134) to support additional
features of the device (e.g., temperature sensing elements,
other sensor elements such as pressure or fluid sensors,
utilizing different lumens for different sensor leads, and fluid
delivery or Suctioning, etc.). In addition the lumens may be
used to deliver fluids or Suction fluid to assist in managing
the moisture within the passageway. Such management may
optimize the electrical coupling of the electrode to the tissue
(by, for example, altering impedance). Since the device is
Suited for use in tortuous anatomy, a variation of the shaft
104 may have lumens 134 that are symmetrically formed
about an axis of the shaft. As shown, the additional lumens

134 are symmetric about the shaft 104. This construction
provides the shaft 104 with a cross sectional symmetry that
aid in preventing the shaft 104 from being predisposed to
flex or bend in any one particular direction.
0051 FIG. 3B illustrates another variation where the
sheath 102 includes an outer layer 126 and a lubricious layer
128. However, in this variation the lubricious layer 128 also
includes a corrugated surface 136. It is noted that any
combination of the sheath 102 and shaft 104 may have a
corrugated Surface.
0052 FIG. 3C illustrates yet another aspect of construc
tion of a sheath 102 for use with the present device. In this
variation, the sheath 102 includes a multi-layer construction
having an outer layer 126, one or more middle layers 138.
The middle layers 138 may be selected to have properties
that transition between the outer layer properties and the
lubricious layer properties, and improve the bonding
between inner and outer layer. Alternatively, the middle
layer 138 may be selected to aid in the column strength of
the device. An example of the middle layer includes Plexar
PX 306, 3060, and/or 3080.

0053 FIG. 3D depicts a variation of a shaft 104 for use
with the devices described herein where the shaft outer
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surface comprises a lubricious layer 140. As illustrated, the
shaft outer Surface may also optionally have a corrugated
Surface 130. FIGS. 3E-3G illustrate additional variations of

corrugated surfaces. As shown in FIGS. 3E and 3F, either or
both the sheath 102 and the shaft 104 may have corrugated
surfaces that are formed by interrupting the surface. Natu
rally, different shapes and configurations may be otherwise
constructed. FIG. 3G illustrates a variation where the sheath

102 comprises protrusions or spacer 142 to separate the
surfaces of the sheath/shaft.

0054 FIGS. 4A-4D illustrate yet another feature that may
be incorporated with any of the subject devices. FIG. 4A
illustrates an example of an alignment component 150. In
this variation, the alignment component 150 includes a
plurality of seats 152 that nest electrode arms (not shown).
As discussed herein, the seats 152 allow for improved
control of the angular spacing of the arms. Moreover, the
seats 152 permits design of a device in which the flexure
length of each of the arms of a basket type device is uniform
(even if the tolerance of each arm varies). Though the
alignment component 150 is shown as having four seats 152,
any number of seats may be employed.
0.055 The alignment component 150 also includes a stop
154. The stop 154 acts as a reference guide for placement of
the arms as discussed below. In this variation, the stop 154
is formed from a surface of an end portion 158. This end
portion 158 is typically used to secure the alignment com
ponent 150 to (or within) the sheath/shaft of the device. The
alignment component 150 may optionally include a through
hole or lumen 156.

0056 FIG. 4B illustrates another variation of an align
ment component 152. This variation is similar to the varia
tion shown in FIG. 4A, with the difference being the length
of the end portion 158. The smaller end portion 158 may
optionally be employed when the component 150 is used at
the distal end of the device. In Such a case, the component
158 may not be attached to the sheath or shaft. In addition,
the end portion 158 may optionally be rounded, for example,
to minimize tissue trauma that may be caused by the end of
the device.

0057 The alignment components 150 of the present
invention may be fabricated from a variety of polymers
(such as nylon or any other polymer commonly used in
medical devices), either by machining, molding, or by
cutting an extruded profile to length. One feature of this
design is electrical isolation between the legs, which may
also be obtained using a variation of the invention that
employs a ceramic material for the alignment component.
However, in one variation of the invention, an alignment
component may be fabricated from a conductive material
(e.g., stainless Steel, polymer loaded with conductive mate
rial, or metallized ceramic) so that it provides electrical
conductivity between adjacent electrode legs. In Such a case,
a power Supply may be coupled to the alignment component,
which then electrically couples all of the legs placed in
contact with that component. The legs may be attached to the
conductive alignment component with conductive adhesive,
or by Soldering or welding the legs to the alignment com
ponent. This does not preclude the legs and alignment
component form being formed from one piece of metal.
0.058 Devices of the present invention may have one or
more alignment components. Typically the alignment com

ponents are of the same size and/or the angular spacing of
the seats is the same. However, variations may require
alignment components of different sizes and/or different
angular spacing. Another variation of the invention is to
have the seats at an angle relative to the axis of the device,
So as to form a helically shaped energy delivery element.
0059 FIG. 4C illustrates another variation of an align
ment component 150. In this variation, the alignment com
ponent 150 includes four seats 152. This variation includes
an alignment stop 154 that protrudes from the surface of the
component 150. In addition, the end portion 158 of the
alignment component 150 is also of a cross section that may
improve strength of the connection between the component
and the sheath/shaft. In this case, the end portion 158 allows
for crimping of the sheath/shaft. Optionally as shown, radial
protrusions 178 at the right of the end portion 158 may be
included to allow heat bonding of the alignment component
to the shaft. In this case, the shaft may be a polymer with a
melting temperature lower than that of the alignment com
ponent. When constrained to be coaxial, heat, and if neces
sary axial pressure, may be applied to join the two compo
nentS.

0060 FIG. 4D illustrates the protrusion-type stop 154
that retains a notch 162 of the electrode leg 160. This mode
of securing the electrode leg 160 provides a “redundant
type' joint. In one example, the leg 160 is secured to the
alignment component 150 using a sleeve (not shown) placed
over both the leg 160 and alignment component 150 with or
without the use of an adhesive within the sleeve. The notch

162 in the leg 160 is placed around the protrusion-type-stop
154. As a result, the notch-stop interface prevents the leg
from being pulled from the device and is especially useful to
prevent the proximal or near ends of the legs from separating
from the device. It is noted that this safety feature is
especially important when considering that if the proximal/
near ends of the legs separate and hook on the anatomical
passage, it may be difficult or impossible to remove the
device from the passage. Such a failure may require signifi
cant medical intervention.

0061 FIG. 4E illustrates one example of a leg 160 affixed
to near/proximal and far/distal alignment components 144,
146. As shown, the leg 160 may have an insulated portion
164 and an exposed portion 166 that form electrodes. The
near and far ends of the leg 160 are secured to respective
alignment components 144, 146. In this example, sleeves
168 and 170 cover the leg and alignment component. As
noted above, one or both of the alignment components may
be electrically conductive to provide power to the electrodes.
Furthermore, adhesive (e.g., cyanoacrylate, UV-cured
acrylic, epoxy, or any such adhesive) may also be used to
secure the leg to the components.
0062) Additionally, the alignment components may be
designed such that the sleeves may be press or Snap fit onto
the alignment components, eliminating the need for adhe
sively bonding the sleeves to the alignment components.
FIG. 4F illustrates a perspective view of an end portion of
an alignment component 150 having one or more slots 186
to create end portion segments 184. The slots 186 permit
deflection of the end portion segments 184 to allow sliding
of a sleeve or hypotube (either a near or far sleeve 168 or
170) over the end portion. FIG. 4G shows a cross sectional
view of the component 150 of FIG. 4F. As shown, once
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advanced over the end portion segment 184, the sleeve or
hypotube becomes secured to the component 150. To lock
the sleeve in place, an insert or wire member 124 (not
shown) is placed in the through hole or lumen 156. The
insert or wire member prevents inward deflection of the end
portion segments 184 thereby ensuring that the sleeve or
hypotube remains secured to the component 150.
0063 FIG. 5A shows a cross sectional view of two legs
160 attached to alignment components 144, 146. The sheath
and shaft have been omitted for clarity. The flexure length
164 of the leg 160 is defined as the length between the
alignment components 144, 146 over which the leg may flex
when the proximal and distal ends are moved closer to one
another. As noted above, the alignment components permit
the flexure length 164 of the legs 160 to be uniform even if
the leg lengths vary. The flexure length 164 is essentially set
by the longest leg, the shorter legs may float between the
stops 154 of the alignment components 144, 146. As an
additional measure to prevent the legs 160 from inverting,
the lengths of the sleeves 168 and 170 may be selected to be
less than the length of the respective alignment components
144, 146 (as shown in the figure). The tendency of the leg
to deflect outward can be improved by selecting the sleeve
length as such. When the legs 160 expand they are supported
by their respective seat on the interior side but unsupported
on outer side. In yet another variation, the seats can slant to
predispose the arms to deflect in a desired direction. For
example, as shown in FIG. 5C, the seats 152 can slant as
shown to predispose the legs 160 to outward deflection.
Such a construction can be accomplished by machining or
by drafting a molded part in the direction of the catheter axis.
As shown in FIG. 5D, the leg can have a slight bend or shape
that predisposes the legs to bow outward.
0064 FIG. 5B illustrates the variation of FIG. 5A in an
expanded State. As shown, the device may have a wire 124
or other similar member that permits movement of the far
alignment component 146 relative to the near alignment
component 144. As noted herein, the wire 124 may be
electrically conductive to provide power to electrodes on the
device. FIG. 5B also illustrates a ball tip 148 at the end of
the device. The ball tip 148 may serve as a means to secure
the wire 124 as well as providing an a traumatic tip for the
device.

0065 Variations of the wire 124 may include a braided or
coiled wire. The wire may be polymer coated or otherwise
treated to electrically insulate or increase lubricity for easier
movement within the device.

0066. To expand the energy transfer element 108, the
wire 124 may be affixed to a handle 106 and actuated with
a slide mechanism 114 (as shown in FIG. 2A.) In an
alternative design, the wire 124 may be affixed between the
handle 106 and the distal end of the energy transfer element
108. In such a case, the slide mechanism 114 may be affixed
to the shaft 104. Movement of the slide mechanism 114

causes expansion of the element 108 as the shaft causes
movement of the proximal end of the energy transfer ele
ment (being fixed to the shaft) relative to the distal end of the
energy transfer element (being fixed to the wire 124. In an
additional variation, movement of the slide 114 may have
two outcomes: 1) advancing the energy transfer element out
of the sheath; and 2) Subsequently expanding the energy
transfer element. Such constructions are disclosed in U.S.

patent application Ser. No. 09/436,455 filed Nov. 8, 1999 the
entirety of which is incorporated by reference herein.
0067 FIG. 6A illustrates a variation of an energy transfer
element 108 in which the legs 160 have a predetermined
shape. This shape may be selected as required for the
particular application. As shown, the predetermined shape
provides a certain length of the electrode 166 that may be
useful for treatment of a long section of tissue.
0068 FIG. 6B illustrates another variation of the energy
transfer element 108. In this variation, the legs 160 extend
out of openings 180 in the sheath 102 (in other variations,
the legs may extend out of openings in the shaft). Accord
ingly, the alignment components and other parts of the
device would be located within the sheath 102.

0069 FIG. 6C illustrates yet another variation of an
energy transfer element 108. In this variation, the basket is
connected at a proximal end and opened at a distal end. The
electrode legs 160 only have a single alignment component
150. The conductive member (or wire) may be located
within the shaft 104. In this variation, advancement of the

energy transfer element 108 out of the sheath 102 causes
expansion of the element. The energy transfer elements may
be predisposed or spring loaded to bow outward when
advanced from the sheath.

0070 FIG. 7A illustrates an example of a leg 160 with an
energy element 180 coiled around the leg 160. In this
example, the energy element 182 uses conductive heating
and comprises a resistance heating element coiled around
the leg 160. FIG. 7B illustrates a variation of the invention
having an RF electrode attached to the basket leg 160. The
RF electrode may be attached to the basket leg 160 via the
use of a fastener. For example, the electrode may be attached
via the use of a heat shrink fastener, (e.g., polymeric material
such as PET or polyethylene tubing). Alternatively, as dis
cussed above, the entire leg may be a conductive medium
where a non-conductive coating insulates the majority of the
leg leaving the electrode portion uninsulated. Further
examples of energy transfer element configurations include
paired bipolar electrodes, where the pairs are leg to leg or
within each leg, and large matrices of paired electrodes
affixed to a variety of expanding members (balloons, mecha
nisms, etc.)
0071 FIG. 7C illustrates a variation of the invention
having thermocouple, leads 172 attached to an electrode 166
or leg of the device. The leads may be soldered, welded, or
otherwise attached. This variation of the invention shows

both leads 172 of the thermocouple 174 attached in electrical
communication to a leg 160 at separate joints (or the leads
may be separated but the solder on each connection actually
flows together). In this case, the temperature sensor is at the
Surface of the leg. This variation provides a safety measure
in case either joint becomes detached, the circuit will be
open and the thermocouple 174 stops reading temperature.
Such a condition may be monitored via the power Supply
and allow a safe shutdown of the system.
0072 By spacing the leads of the thermocouple closely
together to minimize temperature gradients in the energy
transfer element between the thermocouple leads, thermo
electric Voltage generated within the energy transfer element
does not compromise the accuracy of the measurement. The
leads may be spaced as close together as possible while still
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maintaining a gap so as to forman intrinsic junction with the
energy transfer element. In another variation of the device,
the thermocouple leads may be spaced anywhere along the
tissue contacting region of the energy transfer element.
Alternatively, or in combination, the leads may be spaced
along the portion of an electrode that remains Substantially
straight. The intrinsic junction also provides a more accurate
way of measuring Surface temperature of the energy transfer
element, as it minimizes the conduction error associated

with an extrinsic junction adhered to the device.
0073. The thermocouple leads may be attached to an
interior of the leg or electrode. Such a configuration protects
the thermocouple as the device expands against tissue and
protects the tissue from potential trauma. The device may
also include both of the thermocouple leads as having the
same joint.
0074 The devices of the present invention may use a
variety of temperature sensing elements (a thermocouple
being just one example, others include, infrared sensors,
thermistors, resistance temperature detectors (RTDs), or any
other component capable of detecting temperatures or
changes in temperature). The temperature detecting ele
ments may be placed on a single leg, on multiple legs or on
all of the legs.
0075. The present invention may also incorporate a junc
tion that adjusts for misalignment between the branching
airways or other body passages. This junction may be
employed in addition to the other features described herein.
FIG. 8A illustrates a device 100 having such a junction 176
allowing alignment of the device to closely match the
alignment of the airway. It is noted that the present feature
also benefits those cases in which the pathway and target site
are offset as opposed to having an angular difference.
0076) The junction 176 helps to eliminate the need for
alignment of the axis of the active element 108 with the
remainder of the device in order to provide substantially
even tissue contact. The junction may be a joint, a flexure or
equivalent means. A non-exhaustive listing of examples is
provided below.
0077. The legs 160 of the energy transfer element may
have various shapes. For example, the shapes may be round,
rounded or polygonal in cross section. Additionally, each leg
may change cross section along its axis, providing for, for
example, electrodes that are Smaller or larger in cross section
that the distal and proximal portions of each leg. This would
provide a variety of energy delivery characteristics and
bending profiles, allowing the design to be improved Such
that longer or wider electrode configurations can be
employed. For example, as shown in FIG. 7D, if the cross
sectional thickness of the electrode portion 166 of the leg
160 is greater than the cross-sectional thickness of the distal
and proximal portions of the leg, the leg would be predis
posed to bow outward in the distal and proximal sections,
while remaining flatter in the electrode area of the leg,
potentially providing improved tissue contact.
0078. As for the action the junction enables, it allows the
distal end of the device to self-align with the cavity or
passageway to be treated, irrespective of the alignment of
the access passageway. FIG. 8A illustrates an example of
where the access passageway and passageway to be treated
are misaligned by an angle a. In the example shown in FIG.
8B, the misalignment angle a is greater than the angle
illustrated in FIG. 8A. Yet, the energy transfer element 108
of the treatment device 100 remains substantially aligned
with the target area.

0079 FIGS. 8C and 8D illustrate an additional variation
of the junction 176. In this variation the junction 176 may be
reinforced with a reinforcing member 230. The reinforcing
member may have some degree of flexibility to navigate the
tortuous anatomy, but the flexibility will be less than the
junction 176. As shown in FIG. 8C, the reinforcing member
230 maintains the device shaft 104 in an aligned position,
preferably for insertion, removal, and or navigation of the
device. When desired, the reinforcing member 230 may be
removed from the junction 176 as illustrated in FIG. 8D.
Accordingly, upon removal, the device is free to flex or
orientate as desired. Furthermore, the reinforcing member
may be reinserted within the junction 176 when reposition
ing or removing the device from the target site. In additional
variations, it is contemplated that the reinforcing member
may be placed external to the device/junction.
0080 FIGS. 9A-9I illustrate additional junctions for use
in the devices described herein. As for these examples, FIG.
9A illustrates a junction 176 in the form of a plurality of
turns or coils 200 of a spring. The coil offers a flexure with
3-dimensional freedom allowing realignment of the active
end of the subject device in any direction. Of course, a
simple hinge or universal joint may also be employed.
0081. The length of the junction (whether a spring junc
tion or some other structure) may vary. Its length may
depend on the overall system diameter. It may also depend
on the degree of compliance desired. For example, with a
longer effective junction length (made by extending the coil
with additional turns), the junction becomes less rigid or
more "floppy'.
0082 In any case, it may be desired that the junction has
substantially the same diameter of the device structure
adjacent the junction. In this way, a more a traumatic system
can be provided. In this respect, it may also be desired to
encapsulate the junction with a sleeve or covering if they
include open or openable structures. Junction 176 shown in
FIGS. 8A and 8B is illustrated as being covered. A covering
can help avoid contaminating the joint with body fluid or
debris which could compromise junction function.
0083. Some of the junctions are inherently protected.
Junction 176 shown in FIG. 9B comprises a polymer plug
220 or a section of polymer having a different flexibility or
durometer than adjacent sections. When a separate piece of
polymer is to be employed, it can be chemically, adhesively,
or heat welded to adjacent structure; when the junction is
formed integrally, this may be accomplished by selective
Vulcanizing, or reinforcement (even with a braid or by other
means of forming a composite structure). Generally, it is
noted that any connection of pieces or construction provided
may be produced by methods known by those with skill in
the art.

0084 As for junction 176 shown in FIG. 9C, it is formed
by removing sections of material from the body of the
device. Openings 218 formed at the junction may be left
empty, covered or filled with a more compliant material.
FIG. 9D also shows a junction 176 in which openings are
provided to provide increased flexibility. Here, openings 218
are offset from each other to form a sort of flexible universal

joint. In either junction variation shown in FIG. 9C or 9D.
the size, number shape, etc. of the opening may vary or be
tuned as desired.

0085 FIG. 9E shows a junction 176 in the form of a
bellows comprising plurality of pleats 216. Here too, the
number of pleats, etc. may be varied to achieve desirable
performance.
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0086) Junction 176 in FIG. 9F shows a true joint”
configuration. In this case, it is a universal joint provided by
ball 204 and socket 206. These elements may be held
together by a tie wire 208, possibly with caps 210. Other
configurations are possible as well.
0087 FIG.9G illustrates a junction 176 in the form of a
reduced diameter section 202. This variation offers greater
flexibility by virtue of its decreased moment of inertia at the
junction. While section 202 is integrally formed, the related
junction 176 in FIG. 9H is formed from a hypotube or wire
212 having an exposed junction section 214 on the shaft 104.
Variations of the invention will permit a junction having a
reduced bending moment of inertia section as compared to
the remainder of the device and/or shaft of the device.

Reducing the bending moment of inertia may be accom
plished in any number of ways. For example, there could be
an area of reduced diameter, a section of material having a
lower modulus, a section having a different shape, a flexible
joint structure, etc. It should be noted that there are many
additional ways to reduce the bending moment that will be
readily apparent to those skilled in the art viewing the
invention disclosed herein.

0088 Yet another junction example is provided in FIG.
9I. Here junction 176 comprises a plurality of wires 222,
224, 226. In one variation, the wires simply offer increased
flexibility of the junction. In another variation, the wires
serve as an “active' or “dynamic junction. The wires may
be adjusted relative to one another to physically steer the
distal end of the device. This junction may be manipulated
manually with an appropriate user interface—especially
one, like a joy-stick, that allows for full 3-dimensional or
rotational freedom—or it may be controlled by automation
using appropriate hardware and Software controls. Of
course, other "dynamic junctions are possible as well.
0089 FIG. 9J shows another joint configuration 176
employing an external sleeve 262 between sections of the
shaft 104. A moveable wire 124 to actuate a distal basket or

the like is also shown. The space between the wire and
sleeve may be left open as shown, or filled in with a flexible
polymer 264. Such as low durometer urethane, a visco
elastic material, etc. Though not necessary, providing an
internal member may improve system pushability. The
sleeve itself will typically be a polymeric sleeve. It may be
heat-shrink material such as PET tubing; it may be integrally
formed with either catheter body portion and press fit or slip
fit and glued over other etc.
0090 Another variation of the junctions includes junc
tions variations where the shaft 104 is “floppy' (i.e., without
sufficient column strength for the device to be pushable for
navigation). In FIG. 10A, a tether 232 connects energy
transfer element 108 to the shaft 104 of the device 100. The

tether may simply comprise a flexible wire or cable, it may
comprise a plurality of links, etc. The tether variation of the
invention also accommodates relative motion between the

device and the body (e.g., tidal motion of breathing, other
muscle contractions, etc.) The tether permits the device to
move relative to its intended treatment location unless the

user desires and uses the tether or the sheath to pull the
device back or drive it forward. The tether may have an
alignment component (not illustrated) at the near end of the
energy transfer element 108.
0.091 To navigate such a device to a treatment site, the
energy transfer element 108 and tether 232 may be next to
or within the sheath 102. In this manner, the column strength
provided by the sheath allows for advancement of the active
member within the Subject anatomy.

0092. The same action is required to navigate the device
shown in FIG. 10B. What differs in this variation of the

invention, however, is that the “tether is actually a con
tinuation of a highly flexible shaft 104. In this case, the shaft
104 of the device is shown with a thicker or reinforced wall.

In Such a device, the shaft carries the compressive loads on
the device back to its distal end.

0093. Like the device in FIG. 10B, the devices in FIGS.
10C and 10D have highly flexible shafts 104. However,
instead of a stiffening external sheath, the device may
employ a stiffening obturator 230 within a lumen of the shaft
104. As shown in FIG. 10C, when the obturator 230 fills the

lumen, the device is relatively straight or stiff. When the
shaft is withdrawn as shown in FIG. 10D, the distal end of

the device is “floppy' or easily conformable to the subject
anatomy. With the shaft advanced substantially to the end of
the device, it offers ease of navigation; when withdrawn, it
offers a compliant section according to an aspect of the
present invention.
0094. As for other details of the present invention, mate
rials and manufacturing techniques may be employed as
within the level of those with skill in the relevant art. The

same may hold true with respect to method-based aspects of
the invention in terms of additional acts a commonly or
logically employed. In addition, though the invention has
been described in reference to several examples, optionally
incorporating various features, the invention is not to be
limited to that which is described or indicated as contem

plated with respect to each variation of the invention.
0095 Various changes may be made to the invention
described and equivalents (whether recited herein or not
included for the sake of some brevity) may be substituted
without departing from the true spirit and scope of the
invention. Also, any optional feature of the inventive varia
tions may be set forth and claimed independently, or in
combination with any one or more of the features described
herein. Accordingly, the invention contemplates combina
tions of various aspects of the embodiments or of the
embodiments themselves, where possible. Reference to a
singular item, includes the possibility that there are plural of
the same items present. More specifically, as used herein and
in the appended claims, the singular forms “a,”“and,”“said.”
and “the include plural referents unless the context clearly
dictates otherwise.

1. A catheter for use with a power supply, the catheter
comprising:
an elongate sheath having a near end, a far end adapted for
insertion into the body, and having a flexibility to
accommodate navigation through tortuous anatomy,
the sheath having a passageway extending there
through, the passageway having a lubricious layer
extending from at least a portion of the near end to the
far end of the sheath;

a flexible elongate shaft slidably located within the pas
sageway and having an outer shaft Surface, where the
shaft is coupled to at least one energy transfer element
that is adapted to apply energy to the body lumen;
a connector for coupling the energy transfer element to the
power Supply; and
where contact between the outer shaft surface and the

lubricious layer results in reduced friction allowing
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relatively low force advancement of a distal end of the
shaft out of the far end of the sheath to advance the

energy transfer element.
2. The catheter of claim 1, further comprising a handle
located at a near end of the sheath, and where the sheath

comprises a length sufficient to access a bronchial passage
way of at least 3 mm in diameter when inserted through a
respiratory opening of a patient.
3. The catheter of claim 1, where the elongate sheath
comprises a second material exterior to the lubricious layer,
the second material being different from the lubricious layer.
4. The catheter of claim 3, where the second material

comprises a higher modulus of elasticity than the lubricious
layer.
5. The catheter of claim 1, where the energy transfer
elements comprise a plurality of legs forming an expandable
basket structure located towards a distal end of the shaft, and

such that when the legs deflect outward the basket expands
to a maximum diameter.

6. The catheter of claim 5, where the legs have a pre
defined shape, Such that when the legs deflect they assume
the pre-defined shape.
7. The catheter of claim 5, where the legs each comprise
a distal end and a proximal end, where the leg distal ends are
secured together and the leg proximal ends are secured to the
shaft.

8. The catheter of claim 7, further comprising a near
alignment component and a far alignment component, each
alignment component having a plurality of channels spaced
evenly around the alignment components, and where each
proximal end of the leg is nested in one channel of the near
alignment component and each distal end of the leg is nested
in one channel of the far alignment component.
9. The catheter of claim 8, where the far alignment
component includes a distal stop and the near alignment
component includes a proximal stop. Such that the distal end
of at least one of the legs contacts the distal stop and the
proximal end of the same leg contacts the proximal stop to
control a flexure length of each leg.
10. The catheter of claim 5, further comprising an elec
trically conductive member electrically coupling the at least
one energy transfer element to the connector.
11. The catheter of claim 10, where the conductive

member comprises a wire.
12. The catheter of claim 11, where the wire comprises a
first diameter and tapers to a second diameter, where the
taper provides the catheter with increased flexibility towards
basket.

13. The catheter of claim 11, where the wire is coated with

a lubricious polymer.
14. The catheter of claim 10, where the conductive
member is affixed relative to the near end of the sheath and

a distal end of the basket structure, and where a proximal end
of the basket structure is attached to the shaft, such that

Sufficient advancement of the shaft causes the proximal end
of the basket structure to move relative to the distal end of

the basket structure resulting in expansion of the basket.
15. The catheter of claim 10, where the conductive

member comprises a helically wound coil wire.

16. The catheter of claim 5, further comprising a tem
perature detecting element located adjacent to one of the
energy transfer elements.
17. The catheter of claim 16, where the temperature
detecting element is placed on at least one leg on an interior
Surface of the leg.
18. The catheter of claim 17, where the temperature
detecting element comprises a thermocouple having a first
and second leads, where each lead of the thermocouple is
separately attached the leg such that the leg forms part of the
thermocouple.
19. The catheter of claim 1, where the elongate shaft
further includes at least one protrusion on the outer Surface
of the elongate shaft, where the protrusion separates and
reduces surface contact between the outer surface of the

elongate shaft and the lubricious layer of the passageway.
20. The catheter of claim 19, where the at least one

protrusion comprises a plurality of protrusions.
21. The catheter of claim 19, where the protrusion extends
along a length of the elongate shaft.
22. The catheter of claim 1, where the outer shaft surface

is corrugated.
23. The catheter of claim 1, where the elongate sheath
further includes at least one spacer in the passageway, where
the spacer reduces surface contact between the outer Surface
of the elongate shaft and the lubricious layer of the passage
way.

24. The catheter of claim 23, where the at least one spacer
comprises a plurality of protrusions.
25. The catheter of claim 23, where the spacer extends
along a length of the passageway.
26. The catheter of claim 1, where the lubricious layer is
corrugated.
27. The catheter of claim 1, where the elongate shaft
comprises at least one lumen.
28. The catheter of claim 27, where the elongate shaft
comprises a plurality of lumens where each lumen is sym
metric about a central axis of the elongate shaft.
29. The catheter of claim 1, further comprising a fluid
delivery port terminating at the far end of the sheath, where
the fluid delivery port is adapted to be coupled to a supply
of fluid.

30. The catheter of claim 1, further comprising a suction
port terminating at the far end of the sheath.
31. The catheter of claim 1, where the energy transfer
element is selected from the group consisting of a resistive
heating element or a radio frequency electrode.
32. The catheter of claim 1, further comprising a junction
located between a distal end of the elongate shaft and a
proximal end of the energy transfer elements, the junction
having a greater degree of flexibility than a remainder of the
shaft Such that misalignment between the energy transfer
elements causes bending at the junction prior to deformation
of the energy transfer elements.
33.-71. (canceled)

