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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) in?ammation 
and swelling of airWays occur, causing Widespread but 
variable air?ow obstruction thereby making it di?icult for 
the asthma su?ferer to breathe. Asthma is a chronic disorder, 
primarily characterized by persistent airWay in?ammation. 
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-in?ammatories 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-in?ammatory drugs can have serious side effects that 
require careful management. In addition, some patients are 
resistant to steroid treatment. The di?iculty involved in 
patient compliance With pharmacologic management and 
the di?iculty 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 treat 
ment comprises the application of energy to the airWay 
smooth muscle tissue. Additional information about this 
treatment may be found in commonly assigned patents and 
applications in Us. Pat. Nos. 6,411,852, 6,634,363 and Us. 
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 e?icient 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 di?icult in vieW of the fact that the force applied at 
the operator’s hand-piece must translate to the distal end of 
the device. The strain on the operator is further intensi?ed 
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 
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a remote site in the lungs, the resistance Within the device 
may be ampli?ed 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 signi?cant part of friction 
betWeen the polymers is the energy loss through inelastic 
hysteresis. In addition, adhesion betWeen polymers also 
plays a signi?cant part in the friction betWeen such poly 
mers. 

[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 bene?t 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 ?exible electrode 
members that can be expanded to better ?ll a space (e.g., the 
lumen of an airWay.) HoWever, the tortuous nature of the 
airWays Was found to cause signi?cant bending and/or 
?exure 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 
?oWing 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 
bene?cial for use in other parts of the anatomy as Well as the 
lungs. 

SUMMARY OF THE INVENTION 

[0014] The present invention includes devices con?gured 
to treat the airWays or other anatomical structures, and may 
be especially useful in tortuous anatomy. The devices 
described herein are con?gured 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 o?‘er increased effectiveness and e?iciency 
in carrying out a medical procedure. The increases in 
effectiveness and e?iciency 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 ?exible 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 ?exibility 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 pro?le 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 ?exibility 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 
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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 pro?le 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 ?exure 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 
?exure 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 ?exure length of each leg. Such a design 
increases the likelihood that the ?exure 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 pro?le for advancement and an expanded pro?le 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 su?icient 
to access remote areas in the anatomy. The design of this 
shaft includes a column strength su?icient to advance the 
expandable energy transfer element Within the anatomy, and 
a ?exibility 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 ?gures diagrammatically 
illustrates aspects of the invention. Variation of the invention 
from the aspects shoWn in the ?gures 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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[0025] FIG. 2B is a side vieW ofa 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 con?gurations 
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 speci? 
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 bene?ts 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 suf?cient 
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 bene?t 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. 

[0039] The particular system 10 depicted in FIG. 2Ais 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 US. Provi 
sional application No. 60/674,106, ?led 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 ?exible 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 ?tted to receive a separate cable 112. 
In any case, the device is con?gured for attachment to the 
poWer supply via some type connector 110. The elongate 
portions of the device 102 and 104 may also be con?gured 
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 con?gurations 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 con?gura 
tion), and actuation pedal(s) 26 (optional). The poWer supply 
and controller may also be con?gured to deliver RF energy 
to an energy transfer element con?gured 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 con?gured 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 














