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CONTROL METHODS AND DEVICES FOR 
ENERGY DELIVERY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t under 35 U.S.C. 
§l 19(e) ofU.S. Provisional Application No. 60/674,106 ?led 
Apr. 21, 2005, the contents of Which are incorporated herein 
by reference. 

BACKGROUND 

[0002] Various obstructive airWay diseases have some 
reversible component. Examples include COPD and asthma. 
Asthma is a disease in Which bronchoconstriction excessive 
mucus production and in?ammation and swelling of airWays 
occur, causing Widespread but variable air?oW obstruction 
thereby making it dif?cult for the asthma sufferer to breathe. 
Asthma is a chronic disorder, primarily characterized by per 
sistent airWay in?ammation. Asthma is further characterized 
by acute episodes of additional airWay narroWing via contrac 
tion of hyper-responsive airWay smooth muscle. 
[0003] In susceptible individuals, asthma symptoms 
include recurrent episodes of shortness of breath (dyspnea), 
WheeZing, chest tightness and cough. Currently, asthma is 
managed by a combination of stimulus avoidance and phar 
macology. Stimulus avoidance is accomplished via systemic 
identi?cation and minimiZation of contact With each type of 
stimuli. It may, hoWever, be impractical and not alWays help 
ful to avoid all potential stimuli. 
[0004] Pharmacological management of asthma includes 
long term control through the use of anti-in?ammatories and 
long-acting bronchiodilators. Short term pharmacological 
management of acute exacerbations may be achieved With 
use of short-acting bronchiodilators. Both of these 
approaches require repeated and regular use of 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 dif?culty involved in patient compliance With pharma 
cologic management and the dif?culty of avoiding stimulus 
that trigger asthma are common barriers to successful con 
ventional asthma management. Accordingly, it Would be 
desirable to provide a management system and method that 
does not require regular patient compliance. 
[0005] Various energy delivering systems have been devel 
oped to intraluminally treat anatomical structures by the con 
trolled application of energy to intraluminal surfaces. Such 
systems may be speci?cally con?gured to deliver energy to 
lung tissue because of the clinical demands caused by the 
heterogeneous nature of lung tissue, and speci?cally, varia 
tions in lung tissue lumen siZe due to the branching pattern of 
the tracheobronchial tree, variations in the vasculature of the 
lungs and variations in the type of tissue in the lungs, includ 
ing cartilage, airWay smooth muscle, and mucus glands and 
ducts. Accordingly, a system designed to delivery energy, and 
in some particular cases, radiofrequency energy, to lung tis 
sue must take these variations into account and deliver energy 
in a controlled manner. 

[0006] Medical procedures involving the controlled deliv 
ery of therapeutic energy to patient tissue are often demand 
ing and may require a physician to perform several tasks at the 
same time. In addition, medical procedures or other proce 
dures may require speci?c energy delivery parameters. As 
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such, What has been needed is an energy delivery system With 
a user friendly control system that regulates and controls the 
delivery of energy, prevents operation or energy delivery if a 
fault in the energy delivery system is detected by the control 
system and provides the user With information delivered in an 
easy to understand format so that the information can be 
readily analyZed during a demanding medical procedure. 

SUMMARY 

[0007] In one embodiment, a system for delivering activa 
tion energy to a therapeutic energy delivery device having a 
temperature detecting element and an energy emission ele 
ment includes an energy generator con?gured to be coupled 
to the energy emission element. The energy generator has an 
activation state and a standby state, Where activation energy is 
delivered to the energy emission device in the activation state 
and not in the standby state. A controller having a processor 
and a user interface surface With a visual indicator is coupled 
to the energy generator and the processor is con?gured to 
activate the visual indicator When a temperature measured by 
the temperature detecting element is not Within a pre-deter 
mined temperature range. 
[0008] In another embodiment, an energy delivery system 
includes a therapeutic energy delivery device having a distal 
portion con?gured to be delivered to a treatment site. The 
distal portion includes a temperature detecting element and 
an energy emission element. An energy generator is con?g 
ured to be coupled to the energy emission element and has an 
activation state and a standby state, Where activation energy is 
delivered to the energy emission element in the activation 
state and not in the standby state. A controller having a pro 
cessor and a user interface surface With a visual indicator is 
con?gured to activate the visual indicator When a temperature 
measured by the temperature detecting element is not Within 
a pre-determined temperature range. 
[0009] In another embodiment, a system for delivering acti 
vation energy to a therapeutic energy delivery device having 
a temperature detecting element and an energy emission ele 
ment includes an energy generator con?gured to be coupled 
to the energy emission element. The energy generator has an 
activation state and a standby state, Where activation energy is 
delivered to the energy emission device in the activation state 
and not in the standby state. A controller having a processor 
and a user interface surface With a visual indicator is con?g 
ured to activate the visual indicator When an impedance of an 
energy emission circuit betWeen the energy generator, the 
energy emission element and a patient is not Within a pre 
determined impedance range. 
[0010] In another embodiment, an energy delivery system 
includes a therapeutic energy delivery device having a tem 
perature detecting element and an energy emission element. 
An energy generator is con?gured to be coupled to the energy 
emission element and has an activation state and a standby 
state, Where activation energy is delivered to the energy emis 
sion element in the activation state and not in the standby 
state. A controller having a processor and a user interface 
surface With a visual indicator is con?gured to activate the 
visual indicator When an impedance of an energy emission 
circuit betWeen the energy generator, the energy emission 
element and a patient is not Within a pre-determined imped 
ance range. 

[0011] In yet another embodiment, a system for delivering 
activation energy to a therapeutic energy delivery device hav 
ing a temperature detecting element and an energy emission 
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element includes an energy generator con?gured to be 
coupled to the energy emission element. The energy genera 
tor has an activation state and a standby state, Where activa 
tion energy is delivered to the energy emission device in the 
activation state and not in the standby state. A controller 
having a processor and a user interface surface With a ?rst 
visual indicator and a second visual indicator, is con?gured to 
activate the ?rst visual indicator When a temperature mea 
sured by the temperature detecting element is not Within a 
pre-determined temperature range and to activate the second 
visual indicator When an impedance of an energy emission 
circuit betWeen the energy generator, the energy emission 
element and a patient is not Within a pre-determined imped 
ance range. 

[0012] In another embodiment, an energy delivery system 
includes a therapeutic energy delivery device con?gured to be 
delivered to a treatment site. The energy delivery device has a 
temperature detecting element and an energy emission ele 
ment. An energy generator is con?gured to be coupled to the 
energy emission element and has an activation state and a 
standby state, Where activation energy is delivered to the 
energy emission element in the activation state and not in the 
standby state. A controller having a processor and a user 
interface surface With a ?rst visual indicator and a second 
visual indicator is con?gured to activate the ?rst visual indi 
cator When a temperature measured by the temperature 
detecting element is not Within a pre-determined temperature 
range and to activate the second visual indicator When an 
impedance of an energy emission circuit betWeen the energy 
generator, the energy emission element and a patient is not 
Within a pre-determined impedance range. 

[0013] In another embodiment, an energy delivery system 
includes a therapeutic energy delivery catheter having an 
electrode and temperature detecting element disposed on a 
distal portion of the catheter. The distal portion of the catheter 
is con?gured to be delivered to a treatment site adjacent target 
tissue of a patient and deliver a treatment cycle of therapeutic 
RF energy to the target tissue. An RF energy generator is 
con?gured to be coupled to the electrode and has an activation 
state and a standby state, Where RF energy is delivered to and 
emitted from the electrode in the activation state and not in the 
standby state. A controller having a processor and a user 
interface surface With a ?rst visual indicator and second 
visual indicator is con?gured to process temperature mea 
surements taken by the temperature detecting element and 
impedance measurements betWeen the RF energy generator 
and the target tissue prior to activation of the RF energy 
generator to the activation state. The processor is also con?g 
ured to activate the ?rst visual indicator if a temperature 
measured by the temperature detecting element is not Within 
a pre-determined temperature range and activate the second 
visual indicator When an impedance betWeen the RF energy 
generator and target tissue adjacent the electrode is above a 
predetermined value. 
[0014] These features of embodiments Will become more 
apparent from the folloWing detailed description When taken 
in conjunction With the accompanying exemplary draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a schematic vieW of a system for delivering 
energy to the Wall tissue of a patient’s lung. 

[0016] FIG. 2 is an enlarged vieW of a distal portion of a 
therapeutic energy delivery device. 
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[0017] FIG. 3 is an enlarged vieW of the encircled portion 3 
in FIG. 2 illustrating a more detailed vieW of an energy 
emission element and temperature detecting element of the 
therapeutic energy delivery device. 
[0018] FIG. 4 is an elevational vieW of a user interface 
surface of a controller. 
[0019] FIGS. 5A and 5B are How diagrams depicting vari 
ous processes and routines that control the user interface 
surface elements. 

DETAILED DESCRIPTION 

[0020] Embodiments of systems and methods for deliver 
ing energy to tissue of a patient in a controlled manner are 
discussed, and speci?cally, systems and methods for con 
trolled delivery of radiofrequency (RF) energy to lung tissue, 
bronchial tissue or both. Embodiments of the systems and 
methods may be con?gured to consolidate and effectively 
communicate relevant information to a user of the systems, 
including detecting accessory connections (e.g. therapeutic 
device, footsWitch, electrode return pad, or other) and serving 
as an automatic trouble shooting guide With user friendly 
instructions, information, indicators and the like. 
[0021] FIG. 1 shoWs a schematic diagram of a system for 
delivering therapeutic energy 10 to tissue of a patient having 
an RF energy generator 12, a controller 14 coupled to the 
energy generator, a user interface surface 16 in communica 
tion With the controller 14 and a therapeutic energy delivery 
device, in the form of an RF energy delivery catheter 18, 
coupled to an interface coupler 20 on the user interface sur 
face 16. The controller 14, Which is coupled to the energy 
generator 12 and user interface surface 16, is con?gured to 
control the energy output of the energy generator 12. The user 
interface surface 16 may include sWitches, a digital display, 
visual indicators, graphical representations of components of 
the system and an audio tone generator as Well as other 
features. 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 accord 
ing to various algorithms to produce control signals for con 
trolling the energy generator 12. The processor 22 may also 
accept information from the system 10 and system compo 
nents, process the information according to various algo 
rithms and produce information signals that may be directed 
to the visual indicators, digital display or audio tone generator 
of the user interface in order 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 pro 
cessor 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. Some of the control 
alerts, information, feedback and testing routines are shoWn 
in the How diagrams of FIGS. 5A and 5B. 
[0022] The system 10 also includes an electrode return pad 
24 and a footsWitch 26, both of Which are coupled to respec 
tive interface couplers 28 and 30 on the user interface surface 
16. The user interface surface 16 also includes a digital dis 
play 32 that may be used to display numeric data to a user of 
the system 10. The arrangement of the user interface surface 
16 provides a user friendly interface for the system 10 that 
provides feedback and system information to a user in an 
intuitive display format. System components that couple to 
the user interface surface 16, such as the footsWitch 26, elec 
trode return conductive pad 24 and energy delivery catheter 
18, couple to the user interface surface 16 adjacent graphical 
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representations of the respective system components. In addi 
tion, visual indicators that are con?gured to display informa 
tion about these various system components may also be 
disposed adjacent or Within the respective graphical represen 
tation of each system component. This con?guration alloWs a 
user to easily and intuitively couple system components to the 
proper interface on the user interface surface 16 and also 
alloWs a user to easily and intuitively correlate audio and 
visual system feedback to the appropriate system component. 
[0023] Referring again to FIG. 1, the energy delivery cath 
eter 18 includes an elongate shaft 34, a handle 36 secured to 
a proximal end of the elongate shaft 34 and a control cable 38 
that extends from the handle 36 to a proximal coupler 40 that 
is con?gured to couple to the interface coupler 20 on the user 
interface surface 16. A sliding actuator 42 on the handle 36 
controls the radial expansion and contraction of a distal elec 
trode basket 44 disposed on a distal end of the elongate shaft 
34. The elongate shaft 34 may have a variety of con?gura 
tions, including stiff, ?exible, steerable With distal tip de?ec 
tion and the like. The elongate shaft 34 and distal portion may 
also be con?gured and siZed to permit passage of the elongate 
shaft 34 through the Working lumen of a commercially avail 
able bronchoscope. In addition, the controller 14 may also 
include an optional interface coupler (not shoWn) that is con 
?gured to couple to a bronchoscope camera trigger such that 
When the processor 22 of the controller 14 initiates a treat 
ment cycle by sWitching the RF energy generator from a 
standby state to an activation state, a triggering signal is also 
generated by the controller to initiate video taping or display 
ing of an image produced by the bronchoscope camera Which 
is coupled to a bronchoscope being used to position the 
energy delivery catheter 18 during a procedure or treatment 
cycle. Alternatively, an interface couple may provide the abil 
ity to send some or all of the controller output or feedback to 
the bronchoscope video processor or monitor. This feature 
alloWs display of information ordinarily on the controller’s 
user interface surface to display on any of the bronchoscope 
video monitors. Additionally, additional controller output 
information that is not displayed on the controller’s user 
interface surface can be displayed on any of the displays 
associated With the bronchoscope. This feature alloW the 
physician to focus on the bronchoscope display monitor When 
performing a procedure. 
[0024] The distal electrode basket 44 may be seen in more 
detail in FIGS. 2 and 3. The distal electrode basket 44 is a 
?exible and resilient oval shaped basket that includes an 
energy emission element in the form of an electrode 46 that is 
formed from an exposed section of a basket leg 48 Which is 
nominally coated With an electrical insulator material 50 in 
the areas outside of the exposed section. The distal electrode 
basket 44 also includes a temperature detection element in the 
form of a thermocouple 52 disposed on or adjacent the elec 
trode 46. The thermocouple 52 has leads 54 and thermo 
couple termination points 56 Which are secured to the 
exposed section 58 of the basket leg or electrode 46. 

[0025] The leads 54 of the thermocouple 52 and a conduc 
tor (not shoWn) in electrical communication With the elec 
trode 46 extend proximally from the distal basket 44 to the 
handle 36 and then proximally through the control cable 38 to 
the proximal coupler 40. This con?guration alloWs the elec 
trode 46 and the thermocouple leads 54 to be electrically 
coupled in a modular arrangement With the controller 14 
through the user interface surface 1 6. The interface coupler 20 
con?gured to accept the proximal coupler 40 of the energy 
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delivery catheter 18 is disposed adjacent a graphical repre 
sentation 60 of an embodiment of the energy delivery catheter 
18 Which, is printed on the user interface surface 16. This 
provides a useful visual prompt for a user Who is setting up the 
system 10. Once the proximal coupler 40 is connected to the 
interface coupler 20 for the energy delivery catheter 18, the 
electrode 46 is noW in electrical communication With the RF 
energy generator 12, subject to control and modulation by the 
controller 14 Which may sWitch the RF generator 12 back and 
forth betWeen an active state and a standby state, during 
Which no RF can be delivered. In addition, the leads 54 of the 
thermocouple 52 are also in electrical communication With 
the controller 14 so that the controller 14 may monitor the 
temperature of the tissue adjacent the electrode 46. In this 
arrangement, the RF energy generator 12, controller 14 and 
user interface 16 form a system for controlled delivery of 
activation energy to the energy delivery catheter 18. 

[0026] The electrode 46 may be monopolar or bipolar, hoW 
ever, if the electrode 46 is a monopolar electrode, a return 
electrode component 62 may be used With the system 10 in 
order to complete an electrical energy emission or patient 
circuit betWeen the RF energy generator 12 and a patient (not 
shoWn). The electrode return 62 includes the conductive pad 
24, a proximal coupler 64 and a conductive cable 66 extend 
ing betWeen and in electrical communication With the con 
ductive pad 24 and proximal coupler 64. The conductive pad 
24 may have a conductive adhesive surface con?gured to 
removably stick to the skin of a patient and With a large 
enough surface area such that no burning or other injury to the 
patient’s skin Will occur in the vicinity of the conductive pad 
24 While the system 10 is in use. The proximal coupler 64 is 
con?gured to couple to the interface coupler 28 on the user 
interface surface 16. The interface coupler 28 for the elec 
trode return 62 is disposed adjacent a graphical representation 
68 of the electrode return 62 on the user interface surface 16. 
Once again, this provides a useful visual prompt for a user 
Who is setting up the system 10. 
[0027] Once the proximal coupler 40 of the energy delivery 
catheter 18 and the proximal coupler 64 of the electrode 
return 62 have been coupled to the controller 14 via the 
respective interface couplers 20 and 28 of the user interface 
surface 16, RF energy may be generated by the RF generator 
12, i.e., the RF generator 12 is sWitched to an activation state, 
and emitted from the electrode 46 of the distal basket 44 of the 
energy delivery catheter 18 into target tissue of the patient 
adjacent the electrode 46. The processor 22 may then adjust 
the output of the RE generator 12 in order to maintain a 
substantially constant temperature of tissue adjacent the elec 
trode via a feedback loop betWeen the thermocouple 52 and 
the processor 22. The processor 22 may use a control algo 
rithm to process the temperature feedback and generate con 
trol signals for the RE generator 12. In addition, the control 
algorithm may be con?gured to set predetermined dWell or 
activation times for embodiments of treatment cycles. 
Embodiments of control algorithms and system components 
that may be used in conjunction With control device and 
method embodiments discussed herein may be found in Us. 
patent application Ser. No. l0/4l4,4ll, titled “Control Sys 
tem and Process for Application of Energy to AirWay Walls 
and Other Mediums”, ?led Apr. 14, 2003, Which is incorpo 
rated by reference herein in its entirety. 
[0028] Additionally, devices and methods for treating air 
Way Walls are described in Us. patent application Ser. Nos. 
09/095,323 titled METHOD AND APPARATUS FOR 
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TREATING SMOOTH MUSCLES IN THE WALLS OF 
BODY CONDUITS ?led Jun. 10, 1998; 10/414,253 titled 
MODIFICATION OF AIRWAYS BY APPLICATION OF 
ENERGY ?led Apr. 14, 2003; 09/436,455 titled DEVICES 
FOR MODIFICATION OF AIRWAYS BY TRANSFER OF 
ENERGY ?led Nov. 8, 1999; 09/999,851 titled METHOD 
FOR TREATING AN ASTHMA ATTACK ?led Oct. 25, 
2001; 10/810,276 titled METHOD OF TREATING AIR 
WAYS IN THE LUNG ?led Mar. 26, 2004; 10/ 640,967 titled 
METHODS OF TREATING ASTHMA ?led Aug. 13, 2003; 
10/809,991 titled METHODS OF TREATING REVERS 
IBLE OBSTRUCTIVE PULMONARY DISEASE ?led Mar. 
26, 2004; and 10/954,895 titled INACTIVATION OF 
SMOOTH MUSCLE TISSUE ?led Sep. 30, 2004; and US. 
Pat. Nos. 6,411,852 titled CONTROL SYSTEM AND PRO 
CESS FOR APPLICATION OF ENERGY TO AIRWAY 
WALLS AND OTHER MEDIUMS; and 6,634,363 titled 
DEVICES FOR MODIFICATION OF AIRWAYS BY 
TRANSFER OF ENERGY Each of Which of the above are 
incorporated by reference herein in their entirety 
[0029] In one embodiment, the RF generator 12 generates 
RF energy at a frequency of about 400 kHZ to about 500 kHZ 
in With a Wattage output su?icient to maintain a target tissue 
temperature of about 60 degrees C. to about 80 degrees C., 
speci?cally, about 60 degrees C. to about 70 degrees C. The 
duration of the activation state for an embodiment of a single 
treatment cycle may be about 5 seconds to about 15 seconds, 
speci?cally, about 8 seconds to about 12 seconds. Altema 
tively, the duration of the activation state of the RF generator 
may also be set to not more than the duration required to 
deliver about 150 Joules of energy to the target tissue, spe 
ci?cally, not more than the duration required to deliver about 
125 Joules of RF energy to target tissue. 

[0030] The initiation of the activation state of the RF gen 
erator 12 may be carried out by a variety of devices and 
methods, hoWever, the embodiment of FIG. 1 includes a user 
operated activation sWitch in the form the footsWitch 26. A 
conductive cable 70 is coupled to and disposed betWeen the 
footsWitch 26 and a proximal coupler 72 Which is con?gured 
to be electrically coupled to the respective interface coupler 
30 disposed on the user interface surface 16. The interface 
coupler 30 for the proximal coupler 72 of the footsWitch 26 is 
disposed adjacent a graphical representation 74 of the foot 
sWitch 26 on the user interface surface 16. The footsWitch 26 
may be used in some con?gurations to initiate an activation 
state of the RF energy generator 12 if all components of the 
system 10 are functioning and connected properly. This can 
be de?ned as the controller entering into the ready mode. 

[0031] Referring noW to FIG. 4, a more detailed vieW of an 
embodiment of the user interface surface 16 is shoWn. The 
user interface surface 16 may be a substantially rectangular 
and ?at surface as shoWn in FIG. 4, but may also have any 
other suitable shape, siZe or con?guration. The user interface 
surface 16 may, in some embodiments, be any part of an 
energy delivery system, or component thereof, that a user 
may access or see in order to impart information or receive 
information therefrom. The controller 14 may have an alter 
nating current (AC) poWer on/off sWitch that may be located 
anyWhere on the controller 14, or alternatively, on the user 
interface surface 16. HoWever, for the embodiment shoWn in 
FIG. 4, the user interface surface 16 does not include an AC 
poWer on/off sWitch. The controller 14 or user interface sur 
face 16 may include an audio tone generator (not shoWn) 
Which may be used in conjunction With the various visual 
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indicators of the system 10 to alert a user to the status of the 
various components of the system 10. In one embodiment, the 
audio tone generator includes a speaker (not shoWn) Which 
may be mounted on any suitable surface of the controller 12 
or the user interface surface 16. 

[0032] The user interface surface 16 has a visual indicator 
in the form of a multi-colored LED (light emitting diode) 
ready indicator light 76 in the upper left hand corner of the 
user interface surface 16. The ready indicator light 76 may be 
activated or lit With a ?rst color, such as a green color, When 
the RF energy generator 12 is ready for use in a standby state. 
The LED indicator 76, may be activated and lit With a second 
color, such as an amber color, When the RF energy generator 
12 is sWitched on into an activation state at Which time a brief 
audio tone may also sound upon the transition of the RF 
generator 12 from the standby or ready state to the activation 
state With RE energy being delivered to the energy emission 
element 46 of the energy delivery catheter 18. Additionally, a 
separate LED indicator 92 may be activated and lit With a 
second color, such as a blue color, during RF energy delivery. 
Typically, a user activates the RF energy generator 12 for a 
treatment cycle by depressing and releasing the footsWitch 
26. The color of the ready indicator light 76 may be sWitched 
back to the ?rst color if, during an activation cycle, the foot 
sWitch 26 of the system 10 is depressed and released again so 
as to produce a footsWitch shutoff response from the proces 
sor 22 Which sWitches the RE energy generator 12 from the 
activation state to the standby state. The second color or 
amber color may also be displayed by the ready indicator light 
76 When the system 10 is engaged in a poWer on self-test 
(POST) mode during Which time the audio tone generator 
may be delivering a constant single pitch tone. In addition, the 
second amber color may also be displayed by the ready indi 
cator When a fault With the energy delivery catheter 18, such 
as a broken electrode 46 or broken thermocouple 52, is 
detected by the controller 14. The activation of the second 
color indicating a fault With the energy delivery catheter 18 
may also be accompanied by an audible ?rst error tone from 
the audio tone generator. The ready indicator light 76 may 
?ash the ?rst color, green, When the system 10 is conducting 
a cycling of the AC poWer to the controller 14 in order to reset 
the system 10 during Which time the audible ?rst error tone 
may also be produced. In essence, the ready indicator light 76 
emits a ?rst color When the system 10 is ready to use and a 
second color or amber color if the system 10 has detected a 
fault in the system 10 and is not ready to use. 

[0033] BeloW the LED ready indicator 76 is the graphical 
representation 74 of the footsWitch 26 Which is printed on the 
user interface surface 16. The graphical representation 74 of 
the footsWitch 26 is directly above and adjacent to the inter 
face coupler 30 Which is con?gured to accept the proximal 
coupler 72 of the footsWitch 26 assembly. The graphical 
representation 74 of the footsWitch 26 adjacent the interface 
coupler 30 for the footsWitch 26 provides an intuitive and user 
friendly prompt for the user to locate the plug in point for the 
footsWitch 26 While setting up the system 10. 
[0034] To the right of the graphical representation 74 of the 
footsWitch 26 is the graphical representation 68 of the elec 
trode return assembly 62 Which includes the conductive pad 
24, conductive cable 66 and proximal coupler 64 and Which is 
printed on the user interface surface 16. The graphical repre 
sentation 78 of the proximal coupler 64 of the electrode return 
assembly 62 is disposed directly above and adjacent to the 
interface coupler 28 for the proximal coupler 64 of the elec 
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trode return assembly 62. A visual indicator in the form of an 
amber colored LED light 80 is disposed Within the graphical 
representation 82 of the conductive pad 24 of the electrode 
return assembly 62 and on the user interface surface 16. The 
visual indicator 80 may be con?gured to be lighted in a steady 
state When the system 10 is proceeding through the POST 
Which may also be accompanied by a single pitch audible tone 
from the audio tone generator. The visual indicator 80 may 
also be activated and lighted When the controller 14 measures 
an impedance in the patient circuit that is above a predeter 
mined value after 3 or more attempts to activate the RF energy 
generator to the activation state. A second error tone may 
accompany the activation of the visual indicator in this cir 
cumstance. For some embodiments, the predetermined 
impedance value for the patient circuit may be above about 
1000 Ohms, speci?cally, above about 900 Ohms. Such a high 
impedance measurement in the patient circuit indicates an 
open circuit and requires that the user check the patient circuit 
and try the system 10 another time. The patient circuit 
includes the electrode 46 and conductive cable 38 of the 
energy delivery catheter 18, the patient (not shoWn) With the 
conductive pad 24 and electrode 46 in electrical communica 
tion With the patient’ s body, and the electrode return assembly 
62, The visual indicator 80 may also be activated or lighted in 
a ?ashing mode When a fault requiring the user to cycle AC 
poWer has been initiated by the processor 22, during Which 
time a ?rst audible error tone may also be generated by the 
audio tone generator. 

[0035] To the right of the graphical representation 68 of the 
electrode return 62, the graphical representation 60 of the 
energy delivery catheter 18 is printed on the user interface 
surface 16 including the handle 36, the elongate shaft 34 and 
the distal electrode basket 44. The interface coupler 20 con 
?gured to accept the proximal coupler 40 of the energy deliv 
ery catheter 18 is disposed adjacent and directly beloW a 
graphical representation 84 of the handle 36 of the energy 
delivery catheter 18. A ?rst visual indicator in the form of an 
amber LED light 86 is disposed Within the graphical repre 
sentation 88 of the distal electrode basket 44 on the user 
interface surface 16. A second visual indicator 90, having a 
second color different from the ?rst visual indicator, in the 
form of a red LED light 90 is disposed Within the graphical 
representation 84 of the handle 36. 

[0036] The ?rst visual indicator 86 may be activated and 
lighted for some embodiments of the system 10 When the 
controller 14 measures an impedance in the patient circuit 
that is above a predetermined value. For some embodiments, 
the predetermined impedance value for the patient circuit 
may be above about 1000 Ohms, speci?cally, above about 
900 Ohms. A ?rst audible error tone may also be generated 
during such an activation. The ?rst visual indicator 86 may 
also be lighted or activated When the measured impedance of 
the patient circuit is above such a predetermined value during 
at least 3 or more attempts to activate the RE energy generator 
12 to the activation state. In this circumstance, a second 
audible error tone may also be generated in conjunction With 
the activation of the ?rst visual indicator 86. The ?rst visual 
indicator 86 may also be lighted in a steady state When the 
processor 22 of the system 10 is proceeding through the 
POST Which may also be accompanied by a single pitch 
audible tone from the audio tone generator. The visual indi 
cator 86 may also be activated or lighted in a ?ashing mode 
When a fault requiring the user to cycle AC poWer has been 
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initiated by the processor 22, during Which time a ?rst audible 
error tone may also be generated by the audio tone generator. 
[0037] The second visual indicator 90 may be activated or 
lighted in a ?ashing or intermittent mode When a fault With the 
energy delivery catheter 18, such as a broken electrode 46 or 
broken thermocouple 52, is detected by the controller 14. The 
activation of the second visual indicator 90 suggesting a fault 
With the energy delivery catheter 18 may also be accompa 
nied by an audible ?rst error tone from the audio tone gen 
erator. The second visual indicator 90 may also be lighted in 
a steady state When the processor 22 of the system 10 is 
proceeding through the POST Which may also be accompa 
nied by a single pitch audible tone from the audio tone gen 
erator. The second visual indicator 90 may also be activated or 
lighted in a ?ashing mode When a fault requiring the user to 
cycleAC poWer has been initiated by the processor 22, during 
Which time a ?rst audible error tone may also be generated by 
the audio tone generator. 
[0038] Another visual indicator 92 in the form of a graphi 
cal representation of a radiating electrode is disposed on the 
user interface surface 16. This RF energy indicator 92, Which 
may be a third color or blue LED, is activated or lighted in a 
?ashing mode during the time When the RF energy generator 
12 is sWitched to the activation state and delivering RE energy 
to the energy delivery catheter 18. The RE energy indicator 92 
may also be lighted in a steady state When the processor 22 of 
the system 10 is proceeding through the POST Which may 
also be accompanied by a single pitch audible tone from the 
audio tone generator. The RE energy indicator 92 may also be 
activated or lighted in a ?ashing mode When a fault requiring 
the user to cycleAC poWer has been initiated by the processor 
22, during Which time a ?rst audible error tone may also be 
generated by the audio tone generator. 
[0039] A digital display 94 is disposed on the user interface 
surface 16 beloW the RE energy indicator 92 and is con?gured 
to display numerical information. The digital display 94 may 
be controlled or otherWise reset by a sWitch 96 disposed 
directly beloW the digital display 94 on the user interface 
surface 16. In a normal mode, the digital display 94 Will 
display the number of successful treatment cycles delivered 
by the system 10 performed by a user of the system 10. If the 
sWitch 96 is depressed for less than about 2 seconds to about 
4 seconds, the number of unsuccessful or incomplete treat 
ment cycles is displayed for a brief period, such as about 5 
seconds. After this brief period, the digital display 94 reverts 
back to a display of the number of completed treatment 
cycles. When the sWitch 96 is depressed and held for more 
than a brief period of about 2 seconds to about 4 seconds, the 
digital display 94 shoWs a “0” for a short period, such as about 
1 second. If the sWitch 96 is held depressed during this short 
1 second period, the count of the complete and incomplete 
treatment cycles is reset to 0. If the sWitch 96 is released 
during this short 1 second period, the digital display 94 reverts 
back to a display of the completed or successful treatment 
cycles Without resetting the treatment cycle counter. 
[0040] Referring to FIG. 5, a variety of system process 
embodiments are shoWn in ?oW diagram form. In use, the 
system 10 for delivery of therapeutic energy is ?rst supplied 
With poWer, such as AC poWer, Which may be carried out by 
a sWitch (not shoWn) on the controller 14 or user interface 
surface 16, as discussed above. Once AC poWer is supplied to 
the controller 14, the processor 22 initiates the POST cycle, 
indicated by box 100, Which tests the integrity of the proces 
sor 22, the controller 14 and the system 10 generally. If the 
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POST fails, the user initiates a cycling of the AC power in 
order to reboot the controller 14, and speci?cally, the proces 
sor 22 of the controller 14. In addition, once AC poWer has 
been supplied to the controller 14, the processor 22 continu 
ally runs a ?rst background algorithm, indicated by the deci 
sion point “irrecoverable error” 102. The irrecoverable error 
test checks for hardWare and processor errors such as CPU 
con?guration, COP timeout, ROM CRC error, RAM, illegal 
CPU instruction, software, non-volatile memory, RF current 
measurement errors. If such an error is detected, the user 
should initiate a cycling of the AC poWer, as indicated by box 
111, in order to reboot the controller 14, and speci?cally, the 
processor 22 of the controller 14. During the cycling of the 
AC poWer, the user Will be informed of the cycling status by 
a ?ashing of all visual indicators on the user interface surface 
16 as Well as a ?ashing of the digital display 94 and the 
concurrent generation of an audible error tone. 

[0041] If the POST is successful, the processor 22 Will 
initiate a test algorithm that determines Whether all connec 
tions of system components, such as the energy delivery 
catheter 18, return electrode 62 and footsWitch 26 are all 
properly coupled to the respective interface couplers 20, 28 
and 30 of the user interface surface 16, as indicated by deci 
sion point 104. If an error is detected during this routine, the 
ready indicator light 76 Will remain in the second or amber 
color state, indicating that the RF energy generator 12 is not 
ready or in the standby state. Once the system components 
such as the energy delivery catheter 18, electrode return 62 
and footsWitch 26 are properly coupled to the user interface 
16, the processor 22 Will initiate an algorithm that determines 
Whether the temperature detection element, or thermocouple 
52, of the energy delivery catheter 18 is properly functioning 
as indicated by box 106 

[0042] During this test, the processor 22 measures the tem 
perature indicated by the thermocouple 52 and compares the 
result to a predetermined temperature range, that encom 
passes room temperature for some embodiments. For 
example, the predetermined temperature range for some 
embodiments may be about 15 degrees C. to about 35 degrees 
C, speci?cally, about 20 degrees C. to about 30 degrees C. If 
the measured temperature indicated by the thermocouple 52 
does not fall Within the predetermined temperature range, the 
processor 22 indicates a broken thermocouple 52 by initiating 
an error message to the user Which includes sWitching the 
ready indicator light 76 to the second or amber color in 
addition to initiating a ?ashing mode activation of the red 
LED second visual indicator 90 in the handle 84 of the graphi 
cal representation 60 of the energy delivery catheter 18. An 
audible error tone may also accompany the error message 
generated by the visual indicators 76 and 90. These error 
messages inform the user that it may be necessary to replace 
the energy delivery catheter 18 With a neW one. 

[0043] Once the thermocouple test has been successfully 
performed, the processor 22 Will sWitch the ready indicator 
light 76 to the ?rst color or green color indicating that the 
system 10 is noW ready to perform a treatment cycle in a 
patient, as indicated by box 108. At this point, the user may 
then position the distal electrode basket 44 of the energy 
delivery catheter 18 such that at least one emission element or 
electrode 46 is disposed adjacent target tissue of the patient, 
such as smooth muscle of the patient’s bronchial airWays. 
Once the electrode 46 is properly positioned, the user 
depresses the footsWitch 26 to initiate a treatment cycle, as 
indicated by user action/input box 110. Upon depression of 
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the footsWitch 26, the processor 22 immediately measures the 
impedance of the patient circuit, and if the impedance is 
beloW a predetermined maximum or Within a predetermined 
impedance range, the processor 22 sWitches the RF energy 
generator 12 from the ready or standby state to the activation 
state Wherein RF energy is being delivered to the target tissue 
of the patient for the initiation of a treatment cycle. 

[0044] For some embodiments of a normal treatment cycle, 
as indicated by result box 112, the processor 22 and algo 
rithms run by the processor 22 are con?gured to maintain the 
RF energy generator 12 in the activation state for a dWell time 
of about 5 seconds to about 15 seconds, speci?cally, about 8 
seconds to about 12 seconds. The duration of the treatment 
cycle may also be constrained by the total energy delivered to 
the target tissue during the cycle. For example, the processor 
22 may execute an algorithm Which terminates the treatment 
cycle When the total energy delivered to the target tissue is up 
to about 150 Joules, speci?cally, up to about 125 Joules. 
During the treatment cycle, the processor 22 controls the 
output of the RF energy generator 12 in order to maintain a 
substantially constant temperature of the target tissue. The 
temperature of the target tissue during a treatment cycle 
embodiment may be maintained at a temperature of about 60 
degrees C. to about 80 degrees C., speci?cally, from about 60 
degrees C. to about 70 degrees C. As discussed above, the 
processor 22 is able to maintain the substantially constant 
temperature of the target tissue by monitoring the tempera 
ture of the target tissue via the temperature measuring ele 
ment or thermocouple 52 and processing the temperature 
information in a feedback loop With loWers the RF energy 
generator 12 output if the measured temperature is higher 
than desired and increasing the RF energy generator output if 
the measured temperature is loWer than desired. 

[0045] During the treatment cycle, the processor 22 Will 
sWitch the blue RF energy visual indicator 92 to an activated 
solid or ?ashing mode and Will activate the audio signal 
generator to generate a dual pitch audible tone from the 
audible tone generator that repeats a high pitch then loW pitch 
audible tone during the treatment cycle, folloWed by a long 
single pitch tone at the end of a successful cycle. If an error 
occurs in the middle of a treatment cycle, an audible error tone 
Will be generated and the visual indicator or indicators indica 
tive of the error Will be activated as discussed above. As 
discussed above, a treatment cycle may also be interrupted by 
the user’s depression of the footsWitch 26 during the treat 
ment cycle to initiate a footsWitch shutoff, as indicated by 
user action box 114. This may be done if the user feels that the 
system 10 is operating improperly for any reason, the user 
feels that the location of the electrode 46 is Wrong, or for any 
other reason. A footsWitch shutoff action by the user returns 
the system 10 to the RF generator ready state, indicated by 
box 108, but does not log a completed or successful treatment 
cycle on the digital display 94. If the treatment cycle is suc 
cessfully completed, the digital display 94 Will display a 
count of “1”, indicating one successfully completed treat 
ment cycle. 
[0046] If an error occurs during the treatment cycle, as 
indicated by result box 116, or the footsWitch shutoff option 
is used, a “0” Will remain displayed. HoWever, if the display 
control sWitch 96 is depressed for more than about 2 seconds 
to about 4 seconds, the digital display 94 Will shoW a “1”, 
indicating one incomplete or unsuccessful treatment cycle. 
The user may continue to deploy the energy delivery catheter 
18 to neW locations Within the patient’ s anatomy and activate 
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the RF energy generator 12 to the activation state for any 
desired number of treatment cycles. If an error occurs during 
a treatment cycle, as indicated by result box 116, the user 
interface 16 Will then display via the appropriate visual indi 
cators and audible tone indicators, the type of error that has 
occurred and Will recommend a course of action for the user. 
After correction has been attempted by the user, the foot 
sWitch 26 may again be depressed, as indicated by user 
action/input box 118, in order to initiate another treatment 
cycle. 
[0047] If the impedance of the patient circuit is greater than 
a predetermined maximum or not Within a predetermined 
impedance range upon depression of the footsWitch 26, as 
indicated by result box 120, one of tWo error messages includ 
ing visual indicators and audible tones may be generated by 
the system 10. Speci?cally, if a high impedance is measured 
upon a ?rst depression of the footsWitch 26 or a second 
depression of the footsWitch 26, as indicated by box 122, the 
error message “improve deployment and continue” Will be 
generated, as discussed above, Whereby the amber visual 
indicator 86 of the distal basket graphic 88 on the user inter 
face 16 Will be activated and lighted and a ?rst error tone Will 
be generated by the audible tone generator. In addition, an 
incomplete treatment cycle Will be logged by the digital dis 
play 94. Once attempted correction has been made, the foot 
sWitch 26 may again be depressed as indicated by user action/ 
input box 124, in Which case the treatment cycle is reinitiated. 

[0048] If on the third or subsequent depression of the foot 
sWitch 26 the same error is detected by the system 10, the 
“check patient circuit” error message Will be generated, as 
discussed above, Whereby the amber visual indicator 80 of the 
return electrode graphic 82 and the amber visual indicator 86 
of the electrode basket graphic 88 on the user interface sur 
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face 16 Will be activated and lighted. Such an error message 
may also be accompanied by a second audible error tone 
generated by the audible tone generator. In addition, an 
incomplete treatment cycle Will be logged by the digital dis 
play 94. After attempted correction of the error, the foot 
sWitch 26 may again be depressed, as indicated by user 
action/input box 126, in order to initiate another treatment 
cycle. 
[0049] With regard to the above detailed description, like 
reference numerals used therein refer to like elements that 
may have the same or similar dimensions, materials and con 
?gurations. While particular forms of embodiments have 
been illustrated and described, it Will be apparent that various 
modi?cations can be made Without departing from the spirit 
and scope of the embodiments of the invention. Accordingly, 
it is not intended that the invention be limited by the forgoing 
detailed description. 

1 . A system for delivering activation energy to a therapeutic 
energy delivery device having a temperature detecting ele 
ment and an energy emission element, the system compris 
ing: 

an energy generator con?gured to be coupled to the energy 
emission element and having an activation state and a 
standby state, Wherein activation energy is delivered to 
the energy emission device in the activation state and not 
in the standby state; 

a controller having a processor and a user interface surface 
With at least one visual indicator, the processor being 
con?gured to activate a visual indicator When a tempera 
ture measured by the temperature detecting element is 
not Within a pre-determined range. 

2-70. (canceled) 


