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Methods for Control of Energy Delivery to Multiple Energy Delivery

Devices

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent

Applications Serial No. 60/891 ,521 , Serial No. 60/891 ,522, Serial No.

60/891 ,524 and Serial No. 60/891 ,525, all filed on Feb. 25, 2007. All of

the aforementioned applications are hereby incorporated by

reference in their entirety.

TECHNICAL FIELD

[0002] The invention relates to electrosurgical methods. In particular,

the inventions relates to methods for controlling energy delivery to a

plurality of energy delivery devices.

BRIEF DESCRIPTION O F THE DRAWINGS

[0003] In order that the invention may be readily understood,

embodiments of the invention are illustrated by way of examples in the

accompanying drawings, in which:

[0004] Figure 1 is a schematic view of a n embodiment of a system of

the present invention;

[0005] Figure 2 is a plan view of a n embodiment of a cable that

may be used in a system of the present invention;

[0006] Figure 3 is a block diagram of a n embodiment o f a generator

of the present invention;



[0007] Figure 4 is α schematic view of the components of an

embodiment of a front panel user interface for a generator of the

present invention;

[0008] Figures 5A and 5B are front elevation views of an exemplary

embodiment of the front panel user interface of Figure 4;

[0009] Figure 6 is a flow chart showing a general embodiment of a

method of delivering energy to a body of a human or animal using a

plurality of energy delivery devices;

[0010] Figures 7-1 0 are flow charts showing various embodiments of

methods of delivering energy using a duty cycle; and

[0011] Figures H A and H B are graphs showing energy delivery vs.

time for exemplary duty cycles for a system comprising two probes.

DETAILED DESCRIPTION

[0012] In one broad aspect, embodiments of the present invention

comprise an electrosurgical system for performing a procedure on a

patient's body, the system comprising: a plurality of energy delivery

devices, each energy delivery device comprising at least one

electrode for delivering electrical energy to a tissue of the patient's

body; and an electrical generator for coupling to the plurality of

energy delivery devices such that an output of the generator can be

delivered via the plurality of energy delivery devices to produce an

effect on the tissue of the patient's body, the generator comprising a

detector for detecting a quantity of energy delivery devices coupled

to the generator.

[0013] A s a feature of this aspect, the electrical generator is capable of

operating in a plurality of functional operating modes, the generator



comprising: α mode storage element for storing the operating modes

of the generator, the quantity of energy delivery devices being

associated with at least one applicable operating mode from the

stored operating modes; a mode selector for selecting a current

operating mode from the operating modes applicable to the quantity

of energy delivery devices detected; and an energy controller for

controlling a delivery of energy by said generator in accordance with

the current operating mode.

[0014] In an additional broad aspect, embodiments of the present

invention provide a method comprising: coupling a plurality of energy

delivery devices to a generator capable of operating in a plurality of

functional operating modes; automatically detecting a quantity of

energy delivery devices coupled to the generator; selecting a current

operating mode from the plurality of operating modes of the generator

responsive to the detected quantity of energy delivery devices; and

delivering energy in accordance with the current operating mode.

[0015] In a further broad aspect, embodiments of the present

invention provide methods for delivering energy to a body of a human

or animal through a plurality of electrosurgical probes, whereby the

amount of energy delivered through the probes is controlled, at least in

part, by dynamically varying the amount of time that each probe is

delivering energy.

[0016] In some such embodiments, the method comprises: coupling

a plurality of probes to a generator; delivering electrical energy from

the generator to tissue of the patient's body via the plurality of probes

to produce an effect on the patient's body; during the procedure,

measuring at least one parameter associated with at least one of the

plurality of probes; and controlling an amount of energy delivered by



the at least one of the plurality of probes during the procedure, by

varying an amount of time that the at least one of the plurality of the

probes is delivering energy responsive to the at least one measured

parameter.

[0017] A s a feature of this method aspect, at least one of the plurality of

probes is positioned at a first treatment site within the patient's body

and at least one other of the plurality of probes is positioned at a

second treatment site within the patient's body, the first treatment site

and the second treatment site being comprising different tissues.

[0018] As a further feature, an electrosurgical system for performing the

method is provided, the system comprising: a plurality of electrosurgical

probes, each probe comprising at least one electrode for delivering

electrical energy to a tissue of the patient's body, at least one of the

probes comprising at least one sensor for measuring a parameter

indicative of a property of the tissue to which energy is delivered; a n

electrical generator for coupling to the plurality of probes such that a n

output of the generator can be delivered to each of the plurality of

probes; a measurement interface for receiving at least one parameter

measurement from the at least one sensor; and a controller for

controlling the output of the generator in accordance with a

respective probe duty cycle, the controller being coupled to the

electrical generator and to the measurement interface and operable

to adjust one or more of the respective probe duty cycles responsive to

the a t least one parameter measurement.

[0019] A s a feature of this aspect, each probe comprises at least one

sensor for measuring a parameter indicative of a property of the tissue

to which energy is delivered by the probe.



[0020] In a n additional broad aspect, a method for controlling an

electrosurgical generator during a treatment procedure is provided,

the generator delivering energy in accordance with one or more

controllable energy delivery parameters directly controllable by the

generator and one or more dependent energy delivery parameters

not directly controllable by the generator, the method comprising:

measuring at least one tissue parameter indicative of a property of a

tissue; and modifying a value of at least one of the controllable energy

delivery parameters in response to the at least one measured tissue

parameter, in order to modify a value of at least one of the dependent

energy delivery parameters.

[0021] A s a feature of this aspect, a n electrosurgical system for

performing the method is provided. The system comprises: a plurality of

energy delivery devices, each energy delivery device comprising at

least one electrode for delivering electrical energy to a tissue of the

patient's body, at least one of the energy delivery devices comprising

at least one sensor for measuring at least one parameter indicative of

a property of the tissue to which energy is delivered; a n electrical

generator for delivering energy to the tissue via the energy delivery

devices; and a controller for controlling a n output of the electrical

generator in accordance with one or more directly controllable energy

delivery parameters and one or more dependent energy delivery

parameters not directly controllable, wherein the controller is operable

to modify a value of at least one of the controllable energy delivery

parameters in order to modify a value of at least one of the dependent

energy delivery parameters responsive to at least one of the

parameters measured by the at least one sensor.

[0022] In another broad aspect, embodiments of the present

invention comprise a computer readable medium including computer-



executable instructions for interfacing with a n electrosurgical generator

during a treatment procedure, the computer-executable instructions

performing one or more of the aforementioned methods.

[0023] As a feature of this aspect, the computer readable medium

includes, but is not limited to, a floppy disk, a hard disk, a CD/DVD

ROM, a flash memory device, and non-volatile ROM and RAM.

[0024] With specific reference now to the drawings in detail, it is stressed

that the particulars shown are by way of example and for purposes of

illustrative discussion of certain embodiments of the present invention

only, and are presented in the cause of providing what is believed to

be the most useful and readily understood description of the principles

and conceptual aspects of the invention. In this regard, no attempt is

made to show structural details of the invention in more detail than is

necessary for a fundamental understanding of the invention, the

description taken with the drawings making apparent to those skilled in

the art how the several forms of the invention may be embodied in

practice.

[0025] Before explaining at least one embodiment of the invention in

detail, it is to be understood that the invention is not limited in its

application to the details of construction and the arrangement of the

components set forth in the following description or illustrated in the

drawings. The invention is capable of other embodiments or of being

practiced or carried out in various ways. Also, it is to be understood

that the phraseology and terminology employed herein is for the

purpose of description and should not be regarded a s limiting.

[0026] Figure 1 shows an embodiment of a system 10 in accordance

with the present invention comprising: a generator 100, a plurality of

energy delivery devices 150 and a dispersive electrode 170. In the



illustrated embodiment, generator 100 comprises an energy source

110, one or more output channels 120 and a controller 140 for

controlling the delivery of energy by generator 100. Furthermore, in this

embodiment, each output channel 120 comprises a switching means

122 operatively coupled to controller 140. In addition, in this

embodiment, generator 100 comprises a measurement interface 130

for receiving information from one or more sensors 160 operatively

coupled to generator 100, aswill be described further herein below.

[0027] Energy source 110 may be any source capable of supplying AC

electromagnetic energy, for example, an electrosurgical generator. In

some embodiments, the energy supplied by energy source 110 has a

frequency in the radiofrequency (RF) range (for example, a frequency

of between about 400k Hz and about 900 kHz), a voltage output of

between about 0 V and 160 V and a maximum power output of about

50 W at a current output of about 0.9 A.

[0028] In the embodiment of Figure 1, a plurality of output channels 120

are connected to energy source 110. Output channels 120 are

connected in parallel to energy source 110, such that only one energy

source 110 is required to supply energy to all output channels 120.

Output channels 120 are independently controllable, in that they may

each be independently controlled by controller 140 via switching

means 122.

[0029] Switching means 122 comprises any component that may be

controllable at high frequencies (for example, in the RF range) to at

least substantially permit the flow of current through a channel 120 or

substantially prevent the flow of current through a channel 120. In

some embodiments, switching means 122 is further operable to limit the

flow of current without substantially preventing it entirely. For example,



in one embodiment, switching means 122 comprises a transistor, for

example a field-effect transistor (FET) that is operatively coupled to

controller 140 such that the application of a n electronic signal from

controller 140 to the transistor results in the transistor acting effectively

a s a high frequency electronic switch, either substantially permitting

the flow of current (in a 'closed' state) o r preventing the flow of current

(in a n 'open' state).

[0030] Controller 140 comprises, in some embodiments, one or more of

a processor, a memory and any other functional components

necessary to interface with energy source 110, switching means 122

and measurement interface 130. Controller 140 may be substantially

software-based, hardware-based or a combination o f hardware and

software. Controller 140 is operable to interface with energy source

110 to control the delivery of energy therefrom, for example in response

to parameter measurements received from measurement interface

130. In addition, controller 140 is operable to interface with switching

means 122 in order to control the flow of current through one or more

of the output channels 120. Furthermore, controller 140 is operable to

control generator 100 to deliver energy to each of the plurality o f

energy delivery devices, for example probes, in accordance with a

respective duty cycle, and controller 140 is further operable to adjust

one or more o f the respective duty cycles in response to the parameter

measurements, a s will be described further herein below with respect

to a method aspect of the present invention.

[0031] Energy source H O is operatively coupled, a s will be described

further herein below, to one or more, for example a plurality of, energy

delivery devices 150, for delivering energy to a body tissue. Energy

delivery devices 150 may be any of a variety of energy delivery

devices including, for example: probes, a s will be described further



herein below; other electrodes including plate electrodes; or multiple

electrodes on a single probe. In embodiments comprising a plurality of

energy delivery devices 150, the energy delivery devices 150 may have

different configurations. For example, the length, gauge and/or other

properties of the energy delivery devices 150 may differ.

[0032] In the context of the present invention, the term 'probe' is used

to describe any elongate device that may be inserted in a minimally-

invasive manner into a patient's body (with or without the aid of

additional devices, such as, but not limited to, needles or introducers,

or supporting or stereotactic devices). These devices include, but are

not limited to catheters, cannulae, and electrosurgical probes,

including probes with multiple electrodes. For the sake of clarity, the

term 'probe' is used throughout the specification to specify any such

device. Furthermore, it should be understood that in any embodiment

of the present invention, two or more electrically connected devices

may be used in place of a single 'probe' . In other words, a system

comprising a plurality of probes includes more than one elongate

device, although any of the elongate devices may include a plurality

of electrodes. Having a plurality of elongate devices allows a user to

position each such device at a substantially different location within a

patient's body, for example to treat two different tissues during a single

course of treatment.

[0033] In the illustrated embodiment, energy delivery devices 150 are

coupled to energy source 110 via distal connectors 152, cables 154,

proximal connectors 156, generator connectors 158 and output

channels 120. One output channel 120 may connect to a single

energy delivery device 150, or may connect to multiple energy delivery

devices 150.



[0034] Energy source 110 may be configured to deliver energy through

one or more energy delivery devices 150 in a monopolar, bipolar,

multipolar and/or multiphasic configuration. When energy delivery

devices 150 are operated in a monopolar configuration, dispersive

electrode 170, for example a grounding pad, is used to provide a path

for the electrical current to flow to the circuit ground.

[0035] In some embodiments, at least one of energy delivery devices

150 may be associated with a sensor 160, which may comprise, for

example, a temperature sensor such a s a thermocouple, thermistor,

thermometer, or other temperature sensing device. A sensor 160 may

be physically connected to a n energy delivery device 150, or may be

separate (for example, a temperature sensor may be situated on a

separately insertable probe or needle), a s long a s it is capable of

sensing a temperature indicative of the temperature of a tissue in

which the device with which it is associated is inserted. Sensors 160

may be operatively coupled to measurement interface 130 in order to

provide feedback for control of electrical components 130 or any

other part of system 200.

[0036] Measurement interface 130 is operable to receive signals from

sensors 160 and to interface with controller 140. In some embodiments,

measurement interface 130 is operable to process the signals received

from sensors 160 and to transmit a result of the signal processing to

controller 140, in order to enable controller 40 to effectively control

the delivery of energy from energy source 110 in response to

measurements of a tissue property provided by sensors 160. In

alternate embodiments, the processing of the signals received from the

sensors is performed external to the generator, for example within

proximal connectors 156 or generator connectors 158.



[0037] One exemplary embodiment of a system 10 of the present

invention comprises an electrosurgical generator 100 and four

electrosurgical probes. The four electrosurgical probes are configured

to deliver energy in a monopolar configuration through a patient's

body to a grounding pad operatively connected to the generator 100

to provide a path to circuit ground. Each probe comprises a

thermocouple located at or adjacent to the tip of the probe, each

thermocouple being capable of sensing a temperature indicative of a

temperature of tissue adjacent the probe with which it is associated.

The thermocouples are operatively coupled to measurement interface

130, which is in turn operatively coupled to controller 140, allowing

controller 140 to control the delivery of energy from energy source 110

in response to one or more measurements made by a thermocouple.

If, for example, a temperature measured by a thermocouple

connected to a probe is higher than an expected or pre-set

temperature, controller 140 may reduce the current delivered to that

probe, for example by reducing the time during which current is

delivered to that probe, a s will be described further herein below.

[0038] With reference now to Figure 2, rather than comprising separate

cables 154, one for each energy delivery device 150, some

embodiments comprise a single cable 204 for operatively coupling a

plurality of energy delivery devices 150 to generator 100. In such

embodiments, cable 204 may be coupled to generator 100 via

generator connector 200 and proximal cable connector 202 and may

be coupled to energy delivery devices 150 via a plurality of distal

connectors 2 12 at cable distal hub 2 10. These embodiments reduce

the amount of cabling present in the system and may thereby reduce

the clutter present in an operating theatre during a treatment

procedure. In addition, such embodiments allow energy delivery



devices 150 to be coupled closer to the patient's body, which allows a

user to readily determine which energy delivery device is coupled to

which connector without having to trace the cabling back to

generator 100. Furthermore, in such an embodiment, energy delivery

devices 150 do not require (although they may be present, for

example a s provided below) unique visual identification means, for

example color-coding, in order to determine which energy delivery

device 150 is connected to which generator connector, because the

connections are made at cable distal hub 2 10, located closer to the

patient's body and thus readily discemable to a user. However, in

some embodiments, color-coding is provided in conjunction with cable

204, in which case the user may have the ability to assign the color-

coding scheme, for example by connecting a particular color to a

desired connector 2 12 at cable distal hub 2 10.

[0039] In some embodiments, generator 100 is capable of

automatically detecting the number of energy delivery devices 150

coupled to generator 100, a s will be described further herein below.

Automatic detection of the number of energy delivery devices 150

coupled to generator 100 obviates the need for a user to manually

indicate the number of energy delivery devices 150 coupled to

generator 100.

[0040] In some such embodiments, generator 100 is capable of

operating in a plurality of functional operating modes, including but

not limited to: multiple-probe standard RF mode; multiple-probe pulsed

RF mode; voltage and/or current stimulation mode; manual standard

RF mode; automatic standard RF mode and automatic pulsed RF

mode. These and other modes are described in greater detail in co-

pending U.S. Patent Application Serial No. 10/1 22,41 3, filed on April 16,



2002, incorporated herein by reference. In some such embodiments,

a s shown for example in Figure 3, generator 100 comprises: a mode

storage element 3 10 for storing the operating modes for the generator;

a detector 320 for detecting the number (i.e. quantity) of energy

delivery devices 150 operatively coupled to generator 100, where at

least one of the stored operating modes is applicable to the number of

energy delivery devices 150 detected; a mode selector 330 for

selecting a current operating mode from the operating modes

applicable to the number of energy delivery devices detected; and an

energy controller, for example controller 140, for controlling a delivery

of energy by generator 100 in accordance with the current operating

mode.

[0041] In some such embodiments, the number (i.e. quantity) of energy

delivery devices 150 coupled to generator 100 dictate, a t least

partially, which functional modes are available to the user. Thus, for

example, if a plurality of energy delivery devices 150 are coupled to

generator 100 and detected by detector 320, certain modes may be

made available to the user while, if only one energy delivery device

150 is coupled to generator 100, another mode or modes may be

made available. In one exemplary embodiment, a manual power

mode, in which a user maintains control over the power output of the

generator, is only applicable when a single energy delivery device 150

is connected, while other modes, such a s for example multiple-probe

standard RF mode, are only applicable when a plurality of energy

delivery devices 150 are connected. In some embodiments, the

detection of the number of energy delivery devices 150 coupled to

generator 100 is performed automatically by the generator. In

alternate embodiments, a user may initiate the detection by, for

example, pressing a button or other user control.



[0042] In addition to the number of energy delivery devices 150

coupled to generator 100, the modes that are applicable to a given

system configuration may also depend on the types of energy delivery

devices 150 coupled to generator 100. Further details regarding this

aspect are described in U.S. Patent Application Serial No. 10/1 22,41 3,

filed on April 16, 2002, previously incorporated herein by reference. For

example, certain modes may only be available to energy delivery

devices having associated thermocouples and/or thermistors, while

certain other modes may only be available to energy delivery devices

operable for performing one particular type of procedure.

[0043] In certain configurations, where a plurality of operating modes

are applicable to the quantity of energy delivery devices 150 (i.e. the

number of devices 150) coupled to generator 100 and detected by

detector 320, mode selector 330 is operable to select one of the

applicable operating modes a s the current operating mode.

Generator 100 may further comprise user input controls to allow a user

to select the current operating mode from the operating modes

applicable to the quantity of energy delivery devices 150 coupled to

generator 100.

[0044] Mode storage element 3 10 and mode selector 330 may be

implemented using software methods exclusively or using a

combination of hardware and software. Detector 320, in some

embodiments, is implemented using hardware, software or a

combination thereof to determine the number of energy delivery

devices 150 actually coupled to generator 100. For example, this may

be determined by one or more of measuring the impedance of each

output channel 120 (wherein a high impedance may be indicative of

an open connection, i.e. with no energy delivery device 150 coupled



to the output channel 120) and/or sensing a signal from a temperature

sensor associated with energy delivery devices 150 using measurement

interface 130 (wherein the lack of a sensed signal or a sensed signal

outside a pre-determined range may indicate that an energy delivery

device 150 is not coupled to generator 100). For example, in one such

embodiment, any output channel 120 having a temperature reading

between about 15°C to about 1000C associated with it is determined

to have an energy delivery device connected to it. Alternatively, any

output channel 120 that has an associated impedance measurement

between about 25 Ohms and about 3000 Ohms is determined to have

an energy delivery device connected to it. In further embodiments,

other parameters associated with energy delivery devices are used to

determine whether or not an energy delivery device is connected to a

particular channel.

[0045] Alternatively or in addition, each energy delivery device 150 may

comprise an identifier that may be detected when energy delivery

device 150 is plugged into distal connectors 152 or 2 12. For example,

the identifier may comprise an electrical component, for example a

resistor, mounted onto a connector, for example between particular

pins of the connector, associated with an energy delivery device 150

or a cable 154. In such an embodiment, if no energy delivery device

150 is connected to a particular connector 152 or 2 12, then that

connector would appear a s a short circuit to detector 320. However,

any connectors 152 or 2 12 to which an energy delivery device 150 is in

fact connected would appear to the detector 320 a s a set of parallel

resistors whose total value may be used to determine the number of

energy delivery devices connected. For example, in one such

embodiment, each energy delivery device 150 or cable 154 has an

associated impedance (comprising a resistor soldered across two pins



of a n associated electrical connector) of about 0 kOhms. I such a n

embodiment, if two such energy delivery devices are coupled to the

system, then detector 320 would detect a n overall impedance of

about 5 kOhms. Similarly, if 3 energy devices were to be connected,

the total impedance would be about 3.3 kOhms and, for 4 energy

delivery devices, it would be about 2.5 kOhms. Further details

regarding such identifiers may be found in U.S. Patent Application Serial

No. 10/1 22,41 3, filed on April 16, 2002, previously incorporated herein by

reference. For example, U.S. Patent Application Serial No. 10/1 22,41 3

includes the following information:

[0046] "The connector cable contains the technology that allows the

Probe Type Detector to identify the probe. Specifically, on the end of

each connector cable that connects to the cable connection, there is

a medical 14 pin connector. In all compatible cables, pins 1, 2, 3 of the

14 pin connector are the identity pins. These identity pins can be

shorted together or have a resistance attached across them in order to

allow the generator to identify what probe is going to be attached.

[0047] The Probe Type Detector circuitry consists of resistors connected

in series. This connection creates a voltage divider that is modified by

reading the voltage coming from the three identification pins. This

voltage is changed by creating electrical shorts between pins or by

connecting resistors across them. The resulting voltage is converted to

a n ADC count through a n analog to digital converter and each probe

type is assigned its own ADC count."

[0048] In some embodiments, generator 100 does not comprise a

detector 320. In such embodiments, a user may manually input the

number of energy delivery devices connected to generator 100 and

mode selector 330 may be operable to select one of the operating



modes applicable to the number of probes coupled to the generator

as the current operating mode.

[0049] In accordance with some embodiments of the present invention,

generator 100 comprises a front panel user interface 400 (illustrated

schematically in Figure 4), which can be described a s follows. A power

indicator LED 402 indicates if the power if turned on. A fault indicator

LED 404 indicates if a fault has been detected. The liquid crystal display

406 comprises five general areas. The measurement area 408 is where

values measured are displayed. A graphed data and pop up display

area 4 10, a setting indicators area 4 12, a mode selection indicators

area 4 14 and a save settings area 4 16 are provided. Hardware setting

controls Pl to P5 4 18 are provided. An output on/off indicator 420, a

series of soft key controls Ml to M7 422 and cable connection outlets

424 are also provided on the front panel user interface. The setting

controls Pl to P5 4 18 are inputs to the setting indicators 4 12. The soft key

controls M l M7 422 are inputs to the mode selection indicators 4 14.

[0050] With reference now to Figures 5A and 5B, a n exemplary

embodiment of a front panel user interface 400 is shown. In this

embodiment, display area 4 10 is operable to display at least one plot,

for example a substantially real-time, continuous plot, graphing one or

more parameters over time. For example, a s illustrated in Figures 5A

and 5B, one or more temperature plots 5 10 may be displayed

simultaneously on display area 4 10. Advantageously, embodiments of

the present invention are operable to display multiple temperature

plots 5 10 substantially simultaneously and substantially in real-time, all

on a single graph. Each of the temperature plots 5 10 may, for

example, be indicative of a temperature associated with a particular

energy delivery device 150. Displaying multiple plots on a single graph

allows a user to more readily compare the different plots than if they



would each be displayed on a separate graph. In addition, having a

single graphing window allows for more efficient utilization of the space

available on display area 4 10. In some embodiments, the number of

temperature plots 5 10 displayed on display area 4 10 is determined by

the number of energy delivery devices 150 detected by detector 320.

Thus, for example, if a single energy delivery device 150 is detected,

only one temperature plot is displayed, whereas if four energy delivery

devices 150 are detected, four plots are displayed.

[0051] In addition to displaying multiple plots on display area 4 10,

embodiments of the present invention are further operable to display a

plurality of discrete parameter measurements, for example discrete

temperature measurements 5 12, within measurement area 408. A s

described with respect to the multiple plots, displaying multiple

temperature measurements 5 12, each corresponding, for example, to

a discrete temperature value associated with a particular energy

delivery device 150, within a single window within measurement area

408, allows a user to more readily compare the different values than if

they would each be displayed within separate windows. Furthermore,

in some embodiments, a s described herein above, the number of

discrete temperature measurements 5 12 displayed within

measurement area 408 is determined by the number of energy delivery

devices 150 detected by detector 320. Thus, for example, if a single

energy delivery device 150 is detected, only one temperature

measurement is displayed, whereas if four energy delivery devices 150

are detected, four measurements are displayed. In some

embodiments, symbols such a s dashes, for example, are displayed

within the window for any energy delivery device 150 for which no

temperature measurement is displayed.



[0052] In accordance with another aspect of the invention,

embodiments of a method are provided for treating a patient using a n

embodiment of a system of the present invention. One general

embodiment of the method 600 of the present invention is depicted in

Figure 6 a s comprising the following steps: at step 6 10 energy is

delivered to a patient from a n energy source through at least two

energy delivery devices; at step 620, a parameter is measured which is

indicative of a temperature in the vicinity of said energy delivery

devices 620; at step 630, the measured parameter is assessed, and, if

the assessment determines that a parameter is unacceptable, the

method proceeds to step 640, whereby at least one energy delivery

parameter is modified.

[0053] The generator or system described herein above may be used in

association with embodiments of the method of the present invention,

but in general, the method may be accomplished with any suitable

system comprising a n energy source operatively coupled in parallel to

a plurality of energy delivery devices.

[0054] At step 6 10, delivering energy may involve delivering energy

through the at least two energy delivery devices in any of a variety of

configurations, for example, in a monopolar configuration, whereby

energy may be delivered via one or more energy delivery devices

through a patient's body to a separate return electrode, or in a bipolar

configuration, whereby energy flows substantially between two or

more energy delivery devices. If two or more energy delivery devices

are used in a bipolar configuration, any device may be an active or

return electrode. In further embodiments, energy delivery devices may

be configured in a multipolar or multiphasic arrangement, whereby the

energy delivery devices are configured such that the electrical

potential and/or the phase of energy transmitted to at least two of the



energy delivery devices differs in such α way to cause energy to flow in

a desired direction between the energy delivery devices. The energy

delivered may be high-frequency electromagnetic energy (such a s

radiofrequency (RF) energy).

[0055] The delivery of energy may be delivered substantially

sequentially, substantially concurrently, or partially concurrently, a s will

be described further herein below. For example, in order to deliver

energy to a plurality of energy delivery devices substantially

concurrently, the controller may be operable to effectively 'close' the

switching means associated with the output channels to which the

energy delivery devices are coupled, thus substantially allowing current

to flow through a plurality of output channels substantially concurrently.

[0056] Depending on the voltage provided to the patient, the energy

may generate sufficient heat in the tissue to cause lesions due to

ablation or coagulation. In the context of the present invention,

'ablation' refers to raising the temperature of a tissue such that at least

a portion of the tissue is coagulated and a lesion is formed within the

tissue. In other embodiments, tissue may be vaporized, creating a gap

or hole in a tissue.

[0057] In an alternate embodiment, the energy delivery may not

generate sufficient heat to cause lesions but may rather treat pain by

delivering energy in time-separated pulses in order to effectively

denervate the tissue. In this context, "time-separated pulses" refers to

an energy delivery scheme in which the energy delivered to a

particular probe is not continuous, such that, for a particular probe,

there is a substantial gap between periods of energy delivery during

which no energy is delivered. In such an embodiment, it may be

beneficial to deliver the energy to a plurality of energy delivery devices



substantially concurrently a s described herein above. Alternatively,

depending on the desired pulse width and frequency, the energy may

be delivered to the plurality of energy delivery devices a t least partially

sequentially. This may allow for more energy to be delivered to each

individual energy delivery device, since the effective impedance load

seen by the generator will be increased if the number of probes

delivering energy a t a given point in time is decreased. For example, if

4 energy delivery devices are used, each with a n impedance of about

200 Ohms, then connecting all 4 energy devices to the generator will

typically result in a "total impedance" of about 50 Ohms, a s seen by the

generator. In such a n embodiment, applying 50 V to all of the energy

delivery devices substantially concurrently will result in a current output

of about 1 A, which may be the limit of the generator. In this

embodiment, it may rather be desirable to deliver energy to each

energy delivery device sequentially, e.g. 20 m s to Probe A, 20 m s to

Probe B, 20 m s to probe C, 20 ms to probe D, off for 440 m s ... 20 ms to

Probe A etc., which would result in the delivery of 20 ms pulses at a

frequency of 2 Hz. Sequential delivery of energy in this manner may

increase the impedance seen by the generator and may therefore

increase the available current to the probe that is delivering energy a t

a given point in time. Sequential delivery of energy also allows for

individual feedback-based (e.g. PID loop) temperature control of each

individual probe. In alternate embodiments, the delivery of energy to

the various probes may be at least partially concurrent, for example in

order to prevent transients from being applied (at undesirable

frequencies) .

[0058] The characteristics of the energy being delivered (for example,

the voltage, power, current, or frequency) may change throughout a

course of a treatment and may vary based on one or more of, but not



limited to, user input, characteristics of any element of a system being

used a n association with the method of the invention, a calculated or

measured parameter, or total treatment time elapsed.

[0059] Step 620 comprises measuring a parameter indicative of a

temperature in the vicinity of the energy delivery devices delivering

energy a t step 6 10. This measurement may involve measuring the

temperature of the energy delivery device itself, if said temperature is

indicative of the temperature of the tissue in which it is placed. In other

embodiments, the temperature of the tissue may be inferred by some

other means, or may be measured directly, for example, using a probe

that extends from the surface of a n energy delivery device, or by using

a temperature sensor that independently contacts the tissue. Step 620,

measurement of a parameter indicative of temperature, need not

necessarily occur following step 6 10, delivering energy. Rather, step

620 may occur substantially concurrently with step 6 10 and may occur

multiple times throughout a treatment procedure. Depending on the

particular application, step 620 may be performed for any or all of the

energy delivery devices coupled to the generator.

[0060] The assessment of one or more measured parameters a t step 630

may include, but is not limited to, one or more of: the direct

comparison of one or more temperature measurements with one or

more expected or pre-determined parameters (for example,

accepting any temperature below a preset upper limit of 800C, or

above a preset lower limit of 600C); comparing a measured parameter

to a previously measured parameter (for example, rejecting any

temperature that is >20°C above the previous measurement for the

same device); averaging or otherwise comparing one or more

expected parameters (for example, accepting any temperature that is

within 5°C of a n average temperature and/or within 25°C of other



measured temperatures); analyzing one or more measured

parameters, for example using a PID algorithm; or comparison of a

measured parameter to another treatment parameter such a s such a s

total treatment time elapsed, known tissue characteristics, patient

history, or characteristics of the energy being delivered. The

assessment of one or more measured parameters a t step 630 may

optionally comprise the generation of one or more calculated

parameters (for example, an average temperature value).

[0061] If the assessment of the measured parameters at step 630 results

in the rejection of one or more of the measurements, one or more

parameters of energy delivery are modified a t step 640. For example, if

a temperature is found to be too low, the following may occur: the

energy delivered by the generator to the energy delivery device may

be increased, the time during which energy is delivered to the energy

delivery device may be increased, or a combination of the two.

Alternatively, if the temperature is found to be too high, one or more of

the following may occur: the energy delivered by the generator to the

energy delivery device may be decreased, the time during which

energy is delivered to the energy delivery device may be decreased,

or the delivery of energy may be substantially stopped.

[0062] In some embodiments, for example if energy is being delivered

to a plurality of probes substantially concurrently, the modification of

one or more parameters of energy delivery at step 640 may be

performed in response to only one of the measurements measured at

step 620. For example, the parameter(s) of energy delivery may be

modified in response to the maximum temperature measured at step

620, in order to ensure that this maximum temperature doesn't exceed

a desired limit.



[0063] After assessment of measured parameters a t step 630, and

modification of a t least one energy delivery parameter a t step 640, if

necessary, a n assessment is made at step 650 to continue energy

delivery a t step 6 10, or to terminate the procedure. In some

embodiments, the assessment of step 650 may be made at any point

during the procedure, and may occur more than once during a given

time period. This assessment may be based on, for example, user input,

total treatment time elapsed, one or more measured or calculated

parameters, or on the satisfaction of one or more error conditions

inherent to the system. Termination of the procedure need not

necessarily entail the cessation of energy delivery and may instead

involve switching to a different mode, procedure, or algorithm.

[0064] The method of the present invention may also include a step

whereby one or more other treatment parameters are modified, for

example in response to a measured parameter, such a s temperature

or impedance, for example. Such treatment parameters may include,

but are not limited to: characteristics of the energy delivered (including

frequency, voltage, current and power, for example), the number of

energy delivery devices operatively coupled and capable of

delivering energy, or the configuration of one or more energy delivery

devices.

[0065] Furthermore, the method of the present invention may

additionally comprise other procedures or steps including, but not

limited to: insertion of one or more probes into one or more tissues of a

body, which may involve, for example, stereotactic insertion, or

positioning using pre-prepared guides or stages; supplying stimulation

energy to the body to elicit a neural or muscular response; cooling one

or more tissues, for example to maintain a lower temperature in the

vicinity of a n energy delivery device allowing more energy to be



applied without undesirably coagulating, searing or burning tissue;

applying a pharmaceutical or chemical compound to a site in the

body; or performing a surgical procedure such a s cutting or removing

tissue.

[0066] In some particular embodiments, a step of supplying stimulation

energy to the body to elicit a neural or muscular response may be

performed independently for each energy delivery device coupled to

the generator. In other words, since each energy delivery device may

be placed at a different location within a patient's body, for example

within different tissues of the patient's body, this step is performed

independently for each energy delivery device, in order, for example,

to assess the proximity of that particular energy delivery device to

motor and/or sensory nerves located in the vicinity of that particular

energy delivery device. Alternatively, in some procedures, stimulation

may be performed using a plurality of energy delivery devices

substantially concurrently. For example, in some embodiments, sensory

stimulation may be performed independently for each of a plurality of

energy delivery devices while motor stimulation may be performed

substantially concurrently for the plurality of energy delivery devices.

[0067] In some embodiments of a method of the present invention, a s

described herein above, one or more parameters of energy delivery

may be modified in response to one or more measured parameters. In

some such embodiments, the parameters of energy delivery are not

modified directly by the generator but are rather modified by

modifying a separate parameter on which they are dependent.

[0068] For example, in embodiments comprising a plurality of energy

delivery devices, one or more of the energy delivery devices may have

a relatively low measured impedance value when compared to the



impedance values associated with the remaining energy delivery

devices. This may occur, for example, due to differences in tissue

properties into which the energy delivery devices are inserted. In such

a scenario, applying a n equal voltage across all of the energy delivery

devices may result in significantly increased power consumption by the

energy delivery device associated with the low impedance value (P =

V2/R) . Thus, it may be desirable to limit the power delivered by the

generator based on the lowest measured impedance value of the

measured impedance values associated with each of the energy

delivery devices, so a s not to exceed the maximum power available to

the generator. In some embodiments, the generator is not operable to

directly control the power delivered to the energy delivery devices.

Rather, other energy delivery parameters, for example voltage and/or

current, which determine the power delivered, may be modified in

response to the parameter (in this case, impedance) measurement. In

one particular example, the maximum voltage applied by the

generator may be limited so that the power delivered to the energy

delivery devices doesn't exceed the maximum available power.

[0069] This feature helps to ensure that, for example, the power

delivered to a patient's body does not exceed a pre-specified limit,

thus ensuring that the generator itself doesn't fail and also ensuring a

safer treatment procedure for the patient.

[0070] In some particular embodiments, the dependent parameter, for

example the power delivered by the generator, may be measured one

or more times throughout the course of a treatment procedure and, if

that parameter is approaching a pre-specified limit, then another

parameter can be modified. For example, if the power delivered

approaches the maximum power available, the generator may then



limit the voltage applied to the energy delivery devices, which

effectively limits the power delivered by the generator.

[0071] Having described a general embodiment of a method for

delivering energy to a plurality of energy delivery devices, one

particular embodiment of such a method will be presently described,

with reference to Figure 7. According to this embodiment, a time

period te for energy delivery is established at step 7 10. This time period

te represents a n interval during which each probe may deliver energy

according to its duty cycle, whereby the duty cycle comprises a

fraction of the time period te during which that probe will deliver

energy. The delivery of energy to a particular probe during its

respective duty cycle is controlled, for example, by controlling a

switching means associated with the generator output channel

coupled to that probe, in order to substantially allow or substantially

prevent the flow of current to that probe, a s described herein above.

[0072] The time period te need not be fixed throughout the course of

the treatment procedure and may be adjusted manually or

automatically based on any criteria including, but not limited to: the

total elapsed treatment time, one or more measured or calculated

parameters, or the parameters of the energy being delivered (for

example, voltage, current, frequency, or power). In addition, in some

embodiments, te is related to the controller's integrated cycle time, the

period of the repetitive control loop, or some other time representing a

feature or design requirement of the system being used or the

procedure being performed.

[0073] In the context of the present invention, the phrase 'course of

treatment procedure' refers to a procedure including one or more

iterations of the steps shown in any of Figures 7-1 0, and which may



include other procedures or steps that occur before, after, during, or

between the steps of Figures 7-1 0. The 'total treatment time elapsed'

refers to the total time that has elapsed since the beginning of a

'course of treatment', and may begin a t step 7 10, or may begin a t the

start of a procedure that precedes step 7 10, but which is part of the

same course of treatment. Other procedures that may be included in

a 'course of treatment' may include, but are not limited to: inserting

one or more probes into one or more tissues of a body, which may

involve, for example, stereotactic insertion, or positioning using pre-

prepared guides or stages; supplying stimulation energy to the body to

elicit a neural or muscular response; cooling one or more tissues or

probes, for example to maintain a lower temperature in the vicinity of a

probe allowing more energy to be applied without undesirably

coagulating, searing or burning tissue; applying a pharmaceutical or

chemical compound to a site in the body; and/or performing a

surgical procedure such a s surgically cutting or removing tissue.

[0074] At step 720, a n initial duty cycle from 0-1 is established for each

probe, where 1 is equivalent to a length of time equal to time period te.

An initial duty cycle may be determined automatically or manually

and may be established based on a number of criteria including, but

not limited to, referencing one or more predetermined settings (for

example, settings based on the total number of probes, o n

characteristics of the probe, or on the properties of the tissue into

which the probe is inserted), a measured or calculated parameter, or

the parameters of the energy being delivered. Not all probes need

deliver energy during a given time period te, and the sum of the duty

cycles of the probes may equal 1 (whereby energy is delivered for the

entire duration of the time period te), may be less than 1 (whereby

there may be portions of a given time period te during which no energy



is delivered), or may be greater than 1 (where energy delivery is only

partially sequential, and partially concurrent, a s described further

below).

[0075] The probes may deliver energy according to their duty cycles in

any sequence, and this sequence may be predetermined, may be set

by the user, may be based on tissue measurements, or may be

randomly or otherwise determined and may change during the course

of the treatment procedure. Furthermore, a probe may deliver energy

more than once in a given time period te, a s its duty cycle need not

correspond to continuous energy delivery, a s described herein below,

with respect to Figure 11. The benefit of using a duty cycle is that it

allows for individual control of the amount of energy delivered to each

probe, which simultaneous delivery with known systems does not allow,

but can avoid problems associated with energy dissipation,

characteristic of known methods of sequential energy delivery,

because regular measurement of tissue parameters and subsequent

modification of duty cycles ensures that a n appropriate amount of

energy is being delivered to each treatment site. In other words, rather

than delivering energy substantially sequentially, where each probe is

on for a fixed amount of time, employing a variable duty cycle helps to

correct for energy dissipation because the duty cycles can vary from

one time period te to the next time period te, such that energy delivery

in a subsequent time period te can be increased to any probe that is

deemed to be too 'cold'. In addition, a s mentioned hereinabove, time

period te may be automatically or manually adjusted during the course

of a treatment procedure, responsive to one or more factors.

[0076] In addition, switching between probes can be accomplished

relatively quickly, for example faster than increasing or decreasing the

output voltage of the generator. In other words, it may be desirable, in



certain situations, to adjust the energy delivered to a particular probe.

This may be accomplished, for example, by adjusting the output

voltage of the generator or, alternatively, by adjusting the time during

which energy is delivered to the probe (as described herein). Adjusting

the energy delivered to the probe by adjusting the time during which

energy is delivered may be accomplished more quickly relative to

increasing or decreasing the output voltage of the generator. This may

be useful when the time constant of temperature decay a t a

treatment site is small, such that a relatively short "off" period (where

energy is not being delivered to the probe located a t the particular

treatment site) is helpful; if the probe were to be "off" too long, then

the temperature a t that site would drop, compromising the quality of

the control system. Thus, in such situations, time control of energy

delivery, a s described herein, may be particularly desirable.

[0077] Following the establishment of the time period te and of the initial

duty cycles, energy is delivered a t step 730 to each treatment site

within the patient's body through each probe, according to the

respective duty cycles of the probes. If the initial duty cycle of a given

probe is 0, that probe will not deliver energy during step 730. A s

described above, probes may be configured to deliver energy in a

variety of configurations, for example, in a monopolar configuration,

whereby energy may be delivered via a probe or probes to a separate

return electrode, for example, a grounding pad, or in a bipolar

configuration, whereby energy flows substantially between two or

more probes, or between two or more electrodes on one probe. If two

or more probes are used in a bipolar configuration, any probe may be

a n active or return electrode. In further embodiments, probes may be

configured in a multipolar or multiphasic arrangement, whereby the

probes are configured such that the electrical potential and/or the



phase of energy transmitted to at least two of the probes differs in such

a way to cause energy to flow in a desired direction between the

probes. In alternate embodiments, other forms of energy may be

delivered including microwave energy, ultrasonic energy, thermal

energy, or optical energy (for example via a laser).

[0078] The energy being delivered to each probe need not have the

same parameters. For example, if energy is delivered to two probes

sequentially, the voltage, current, frequency or power of energy

delivered, for example, may be different for each probe. In addition,

the parameters of the energy being delivered may change throughout

a course of a treatment procedure and may vary based on one or

more of, but not limited to, user input, probe characteristics, one or

more measured parameters such a s temperature or impedance, or

total treatment time elapsed. For example, the power delivered to

each probe may be measured during a time period te and, in some

embodiments, the average power delivered to all of the probes may

be calculated. If the power delivered is below an expected level of

power delivery, the overall power delivered to the probes may be

increased, for example during a subsequent te.

[0079] At step 740, at least one parameter indicative of a property of a

tissue to which energy is being delivered is measured. For example, the

voltage generated by a thermocouple may be measured, providing a

measured parameter indicative of the temperature of the tissue into

which the probe is inserted. A wide variety of tissue properties may be

measured including, but not limited to: temperature, impedance,

density, optical density, thermal conductivity, heat capacity and pH.

Different properties may be measured throughout a course of a

treatment procedure. The step 740 of measuring may involve the use

of any of a variety of measuring devices, and the measuring devices



may be integral to or separate from the probes. Multiple

measurements may be made with respect to a single tissue property,

and multiple tissue properties may be measured. The step 740 of

measuring may occur multiple times within a given time period te and

may occur before, during, and/or after the step 730 of delivering

energy.

[0080] In one embodiment of the present invention, once a n amount of

time equal to the time period te has passed at step 750, a n evaluation

is made a t step 760 of a t least one parameter based on one or more

measurements made a t step 740 after the delivery of energy a t step

730. This evaluation may be based directly on one or more measured

parameters, and/or on a parameter derived from a calculation or

analysis (including PID analysis) of measured parameters, and may also

take into account other treatment parameters, such a s total treatment

time elapsed, known tissue characteristics, patient history, or

parameters of the energy being delivered.

[0081] If a parameter, or set of parameters, is found to be

unacceptable at step 760, the duty cycle of a t least one of the probes

will be adjusted a t step 770, so that energy will be delivered to that

probe for a greater or smaller fraction of the time period te the next

time energy is delivered a t step 730. The adjustment may involve one

or more of, but not limited to, increasing or decreasing the duty cycle

by a set amount (e.g. adding or subtracting O.I from the duty cycle),

scaling the duty cycle (e.g. multiplying or dividing the duty cycle by 2),

setting the duty cycle to a given value (e.g. setting a duty cycle to

0.25), and/or performing a calculation using one or more parameters

to determine the duty cycle (e.g. determining duty cycles based on

the relative P∆ for more than one probe, as shown in Figure 10). In

some embodiments, P∆ is used in a PID control algorithm that is



adjusted throughout the course of a treatment procedure that

effectively characterizes a given treatment site (at which a particular

probe is inserted) to optimally determine the appropriate duty cycle for

the probe inserted a t that site.

[0082] Following the adjustment of duty cycles a t step 770, energy is

delivered a t step 730 according to the new duty cycles, unless the

procedure is complete a t step 780 (for example, based on the total

treatment time elapsed), in which case the procedure is terminated. If

all parameters are found acceptable at step 760, energy will be

delivered a t step 730 using the existing duty cycles, unless the

procedure is terminated a t step 780. In this way, this embodiment of

the method of the present invention can be used to control the total

amount of energy delivered by each probe, by controlling the amount

of time (as a fraction of te) that energy is delivered by each probe, i.e.

the duty cycle for each probe.

[0083] The step 740 of measuring and the step 770 of adjusting (if

necessary) may occur a t least partially during the step 730 of delivering

energy in order that energy delivery be continuous. For example, a

determination of how duty cycles will be adjusted (including

performing any necessary calculations) may be made during energy

delivery a t step 730, and once the time period te has elapsed a t step

750, the new duty cycles will be set and step 730 of the next time

period te will proceed immediately, without interruption.

[0084] In some embodiments, a n assessment of whether the procedure

is complete at step 780 may be made at any point during the

procedure, and may occur more than once during a given time period

te. This assessment may be based on, for example, user input, total

treatment time elapsed, one or more measured or calculated



parameters, o r o n the satisfaction ot one o r more error conditions

inherent to the system. As described herein above with respect to

Figure 6, termination of the procedure need not necessarily entail the

cessation o f energy delivery and may instead involve switching to a

different mode, procedure, o r algorithm.

[0085] Figures 8-1 0 show various embodiments of the present invention

whereby the adjustment of a duty cycle a t step 770 is based o n one or

more calculations made following the step 740 of measuring. In the

embodiment shown in Figure 8, the method of the present invention

further comprises a step of calculating a difference, P∆, between a n

expected parameter and a t least one measured parameter a t step

842 (i.e. P∆ = Pexpected - Pmeasured) . The value of the expected parameter

may be a constant or predetermined value, o r may be dependent o n

one or more treatment variables, including, but not limited to, one o r

more parameters of the energy being delivered, the total treatment

time elapsed, o r the value of another measured or calculated

parameter. A t step 860, the evaluation of a t least one parameter may

include a n evaluation o f the difference calculated a t step 842.

[0086] For example, if the temperature of tissue adjacent a probe is

measured to be 500C , and a n expected value is 800C , then P∆ would

be 300C , and the duty cycle of the probe may b e increased; whereas,

if the measured temperature were 900C , and the expected value were

800C , then P∆ would be - 100C, and the duty cycle of the probe may b e

decreased or set to 0. A s mentioned herein above, having a plurality

o f probes allows each probe to be placed in a spaced-apart

treatment site, relative to any other probes. In such embodiments, the

expected value o f a parameter may differ amongst the different

treatment sites depending, for example, o n the differences in the

properties of the tissues a t each treatment site. For example, the



different treatment sites may comprise different tissues. In some

particular embodiments, the tissue at a first treatment site has an initial

impedance value different from an initial impedance value of the

tissue at a second treatment site. Thus, in accordance with the present

invention, the P∆ value for each probe is calculated with respect to the

specific expected parameter associated with that probe and/or

treatment site.

[0087] In another embodiment, a s shown in Figure 9, a difference

between an expected parameter and a measured parameter is

calculated at step 942, as described above, for more than one probe,

for example, for each probe, and then an average, Pav, (for example,

a mean) of the differences is calculated at step 944 (Pav = (P∆I + P∆2 +

... P∆ Π/ Π)). At step 960, the evaluation of a t least one parameter may

include a comparison of a P∆ calculated for a probe at step 942, and

the Pav calculated at step 944.

[0088] For example, if temperature measurements taken adjacent 3

probes were 900C, 650C and 400C and all probes had an expected

temperature of 800C, then the P∆ of each probe would be -100C, 15°C,

and 4O0C, respectively, and Pav would be 15°C. P∆ for each probe

could be compared to Pav and probes with P∆ > Pav could have their

duty cycles increased, probes with P∆ < Pav could have their duty cycles

decreased, and probes with Pav could have their duty cycles

remain the same. In this case the 400C probe would have its duty

cycle increased, the 900C probe would have its duty cycle decreased,

and the 65°C probe would have its duty cycle remain the same.

[0089] In yet another embodiment, a s shown in Figure 10, following the

calculation of a difference, P∆, between an expected parameter and

a measured parameter, at step 1042, for more than one probe, a s



described with respect to Figure 8, the sum of P∆ tor all probes, P
SU

m, is

calculated a t step 1044. At step 1060, the adjustment of the duty cycle

of a t least one probe may comprise setting the duty cycle equal to the

ratio of: P∆ for that probe, and P
SU

m. For example, if temperature

measurements taken adjacent 3 probes were 700C, 650C and 55°C

and all probes had an expected temperature of 800C, then the P∆ of

each probe would be 100C , 15°C, and 250C, respectively, and P
SU

m

would be 500C . If the duty cycle for each probe were then set to

P∆/Psum, then the duty cycles of the 3 probes, respectively would be 0.2,

0.3 and 0.5. In some embodiments, if the P∆ for a particular probe is

negative (for example if that probe's temperature is above the

expected temperature), then that P∆ value may be set to 0 with

respect to calculating the P
SU

m, in which the duty cycle for that

particular probe will also be 0 (P∆/Psum). In addition, in some

embodiments, P
SU

mmay be evaluated in order to determine whether or

not sufficient energy is being delivered to the probes in order to

minimize | P
SU

mI . For example, P
SU

mof one te may be compared to PSυm

of a previous te in order to determine whether or not the P
SU

m has

decreased (where P
SU

m is positive). If not, the overall energy delivered

to the probes may be increased. Alternatively, if P
SU

m is negative, the

amount of energy delivered may be decreased, in order to allow Psυm

to approach a value of 0.

[0090] In some embodiments, the duty cycle assigned to the hottest

probe is transferred to, shifted to or exchanged with the coolest probe,

whilst not modifying any other probes whose parameter measurement

(e.g. temperature) lies between the two extremes (e.g. hottest and

coldest). In this way, the damping of the system can be modified,

which may be useful where an underdamped system (oscillatory

response) is undesirable. Furthermore, the amount of duty shift that is



permitted per time period te may be limited, further dampening the

system. In some such embodiments, this shifting approach may be

modified during a treatment procedure, a s may the maximum number

of sequential shifts from a given probe (e.g. the hottest probe can only

shift for about 10 consecutive time periods te, a t which a different

probe is shifted).

[0091] In some embodiments of the present invention, the initial value of

the power output of the generator may be minimized based on the

number of probes connected to the system, the predicted power

required, etc. This reduces the requirements for the controller

regarding the resolution of the duty cycle. For example, if the

generator is delivering 50 W during a given te, and if a particular probe

requires only 0.5 W, then the duty cycle of that probe would be about

0.01 , which would therefore require that the controller have a duty

cycle resolution of about 1%. However, if the initial power output of the

generator is set to 25 W (based on pre-existing knowledge, for example

a s mentioned above), then the controller would only require a duty

cycle resolution of about 2%). Reducing the requirements for the duty

cycle resolution may be further beneficial, in that it reduces any

potential errors that may be introduced due to specified tolerances of

other system components. For example, if the switching controller has

a specified tolerance of about 0.1 %, then the potential error for a 1%

duty cycle would be greater than the potential error for a 2% duty

cycle.

[0092] In some embodiments of the method of the invention, energy

may be delivered only partially sequentially, and at least two probes

may deliver energy partially concurrently. In other words, a t any given

point in time during the course of a treatment procedure, more than

one switching means may be 'closed', thus substantially allowing



current to flow through more than one output channel of the

generator. For example, Figure H A is a graph of energy delivery vs.

time from an exemplary two probe system with a time period (te) of 100

ms, where the duty cycle of a first probe is 0.75 and the duty cycle of a

second probe is 0.5, a s illustrated by lines 1110 and 1120, respectively.

In this example, the first probe delivers energy from 0 m s to 75 ms, and

the second probe delivers energy from 50 ms to 100ms, therefore both

probes are delivering energy from 50 ms to 75 ms, or for 0.25 of te.

[0093] Duty cycles need not overlap only when their sum is greater than

1 and, in any embodiment, the duty cycle of a probe need not

correspond to a period of continuous energy delivery. For example,

Figure 1I B shows a graph of energy delivery vs. time for a two probe

system with a time period (te) of 100 ms, where the duty cycle of the

first probe is 0.5 (illustrated by line 1130) and the duty cycle of the

second probe is 0.2 (illustrated by line 1140), and where the duty cycle

of the first probe does not correspond to a period of continuous energy

delivery. Any overlap or arrangement of duty cycles is within the scope

of the invention, including having the duty cycle of one probe occur

substantially concurrently with the duty cycle of another, or, for at least

one time period (te) , having at least two probes have at least partially

concurrent duty cycles.

[0094] During periods where multiple probes are delivering energy at

least partially concurrently, the probes may, in some embodiments,

deliver energy in a monopolar, bipolar, multipolar, or multiphasic

configuration. During periods where multiple probes are delivering

energy at least partially concurrently in any configuration, the

parameters of the energy being delivered may vary relative to periods

where energy is being delivered substantially sequentially. For

example, if energy is being delivered through two monopolar probes a t



least partially concurrently, the energy source may, in some

embodiments, deliver twice the power during the time that energy is

being delivered concurrently, relative to the time that energy is being

delivered sequentially, to compensate for the fact that the power may

be split between the two probes during this time.

[0095] In one exemplary embodiment of this method aspect of the

present invention, the time period (te) may be in the range of about 10

ms to about 1 s, more particularly about 50 m s to about 100 ms, and

the initial duty cycles of the probes may be 1/n, where n is the total

number of probes coupled to the generator. In embodiments of a

generator comprising a detector 320, a s described herein above, the

number of probes is automatically detected by the generator, and the

initial duty cycles may be automatically set accordingly.

[0096] Thus, a s described herein above, embodiments of the present

invention comprise an energy generator capable of automatically

detecting the number of energy delivery devices coupled to the

generator. Automatic detection of the number of energy delivery

devices coupled to the generator obviates the need for a user to

manually indicate the number of energy delivery devices coupled to

the generator.

[0097] Some such embodiments comprise a n energy generator

capable of operating in a plurality of functional operating modes, the

generator comprising: a mode storage element for storing the

operating modes for the generator; a detector for detecting a quantity

of energy delivery devices operatively coupled to the generator, the

quantity of energy delivery devices being associated with at least one

applicable operating mode from the stored operating modes, at least

one quantity of energy delivery devices being associated with a



plurality of operating modes; a mode selector for selecting a current

operating mode from the operating modes applicable to the quantity

of energy delivery devices detected where the quantity of energy

delivery devices detected is associated with a plurality of operating

modes; and a n energy controller for controlling a delivery of energy by

said generator in accordance with the current operating mode.

[0098] This aspect of the present invention allows for fine-tuning of

energy delivery algorithms, assigning or expecting certain error

conditions (and therefore allowing for greater specificity in the error),

increased user convenience, and automatic assignment of settings

depending on expected load, amongst other advantages. Current

systems cannot accommodate the variability of the application a s a

function of the number of probes connected to the system.

[0099] In addition, embodiments of the present invention provide

methods for delivering energy to a body of a human or animal through

a plurality of electrosurgical probes, whereby the amount of energy

delivered through the probes is controlled, a t least in part, by

dynamically varying the amount of time that each probe is delivering

energy. Employing a variable duty cycle in conjunction with a plurality

of probes allows for treatment of spaced apart treatment sites and

provides a n element of control not found in currently known

techniques involving the simultaneous delivery of energy to multiple

probes.

[00100] Furthermore, in accordance with some particular

embodiments of the present invention, a method is disclosed for

measuring a parameter and controlling a different parameter

indirectly, i.e. through a controllable parameter, in response to the

measured parameter.



[00101] This aspect of the present invention allows, for example, for

rapid adjustments to the maximum applied power, a s the tissue

impedance can rapidly change or can vary significantly between

probes in a procedure involving a plurality of probes. In some

embodiments, this aspect of the present invention functions to prevent

the electrosurgical system from switching to a low-impedance load

after having increased the power, which would result in a n "over

power" situation.

[00102] In addition, a s described herein above, embodiments of

the present invention comprise methods for delivering radiofrequency

energy in a pulsed manner to a body of a human or animal using a

plurality of energy delivery devices. In some particular embodiments,

the radiofrequency energy may be delivered to the plurality of energy

delivery devices substantially concurrently.

[00103] It should be noted that the embodiments of the invention

described above are intended to be exemplary only.

[00104] It is appreciated that certain features of the invention, which

are, for clarity, described in the context of separate embodiments,

may also be provided in combination in a single embodiment.

Conversely, various features of the invention, which are, for brevity,

described in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.

[00105] Although the invention has been described in conjunction

with specific embodiments thereof, it is evident that many alternatives,

modifications and variations will be apparent to those skilled in the art.

Accordingly, it is intended to embrace all such alternatives,

modifications and variations that fall within the broad scope of the

appended claims. All publications, patents and patent applications



mentioned in this specification are herein incorporated in their entirety

by reference into the specification, to the same extent a s if each

individual publication, patent or patent application was specifically

and individually indicated to be incorporated herein by reference. In

addition, citation or identification of any reference in this application

shall not be construed a s an admission that such reference is available

a s prior art to the present invention.



We Claim:

1. An electrosurgical system for performing a procedure on a patient's

body, the system comprising:

a plurality of energy delivery devices, each energy delivery

device comprising at least one electrode for delivering electrical

energy to a tissue of the patient's body; and

an electrical generator for coupling to the plurality of energy

delivery devices such that an output of the generator can be

delivered via the plurality of energy delivery devices to produce

an effect on the tissue of the patient's body, the generator

comprising a detector for detecting a quantity of energy

delivery devices coupled to the generator.

2. The electrosurgical system of claim 1, wherein the electrical

generator is capable of operating in a plurality of functional

operating modes, the generator comprising:

a mode storage element for storing the operating modes of the

generator, the quantity of energy delivery devices being

associated with at least one applicable operating mode from

the stored operating modes;

a mode selector for selecting a current operating mode from the

operating modes applicable to the quantity of energy delivery

devices detected; and

an energy controller for controlling a delivery of energy by said

generator in accordance with the current operating mode.



3. The electrosurgic αl system of claim 2, wherein at least one quantity

of energy delivery devices is associated with a plurality of operating

modes and wherein the mode selector is operable to select a

current operating mode from the operating modes applicable to

the quantity of energy delivery devices detected where the

quantity of energy delivery devices detected is associated with a

plurality of operating modes.

4. The electrosurgical system of claim 1, wherein the detector is

operable to detect the quantity of energy delivery devices coupled

to the generator by measuring at least one parameter associated

with the energy delivery devices.

5. The electrosurgical system of claim 4, wherein the at least one

parameter is selected from the group consisting of temperature and

impedance.

6. The electrosurgical system of claim 1, wherein each of the energy

delivery devices includes an electrical component having an

impedance value and wherein the detector is operable to detect a

total effective value of the impedances of the electrical

components of all of the energy delivery devices coupled to the

generator.

7. The electrosurgical system of claim 6, wherein the electrical

component comprises at least one resistor and wherein the total

effective value comprises an overall parallel impedance of the

resistors of all of the energy delivery devices coupled to the

generator.



8. The electrosurgic αl system of claim 1, further comprising a single

cable for coupling the plurality of energy delivery devices to the

electrical generator.

9. An electrosurgical method comprising:

coupling a plurality of energy delivery devices to a generator

capable of operating in a plurality of functional operating

modes;

automatically detecting a quantity of energy delivery devices

coupled to the generator;

selecting a current operating mode from the plurality of

operating modes of the generator responsive to the detected

quantity of energy delivery devices; and

delivering energy in accordance with the current operating

mode.

10.A method of performing a procedure on a patient's body,

comprising:

coupling a plurality of probes to a generator;

delivering electrical energy from the generator to tissue of the

patient's body via the plurality of probes to produce an effect on

the patient's body;

during the procedure, measuring at least one parameter

associated with at least one of the plurality of probes; and

controlling an amount of energy delivered by the at least one of

the plurality of probes during the procedure, by varying an



amount of time that the at least one of the plurality of the probes

is delivering energy responsive to the at least one measured

parameter.

11. The method of claim 10, wherein at least one of the plurality of

probes is positioned at a first treatment site within the patient's body

and wherein at least one other of the plurality of probes is

positioned at a second treatment site within the patient's body, the

first treatment site and the second treatment site being substantially

spaced apart.

12.The method of claim 11, wherein the first treatment site and the

second treatment site comprise different tissues.

13. The method of claim 12, wherein the tissue a t the first treatment site

has a n initial impedance value different from an initial impedance

value of the tissue at the second treatment site.

14.An electrosurgical system for performing a procedure on a patient's

body, the system comprising:

a plurality of energy delivery devices, each energy delivery

device comprising an electrode for delivering electrical energy

to a tissue of the patient's body; and

a n electrical generator for coupling to the plurality of energy

delivery devices such that a n output of the generator can be

delivered via the plurality of energy delivery devices to produce

an effect on the patient's body, the generator comprising a n

energy controller for controlling a delivery of energy such that a n

amount of energy delivered by at least one of the plurality of

energy delivery devices is controlled during the procedure by

varying an amount of time that the at least one of the plurality of



energy delivery devices is delivering energy responsive to at least

one measured parameter associated with the at least one of the

plurality of energy delivery devices.

15.An electrosurgical system for performing procedures on a body of a

human or animal, comprising:

a plurality of electrosurgical probes, each probe comprising at

least one electrode for delivering electrical energy to a tissue of

the patient's body, at least one of the probes comprising at least

one sensor for measuring a parameter indicative of a property of

the tissue to which energy is delivered;

an electrical generator for coupling to the plurality of probes

such that an output of the generator can be delivered to each

of the plurality of probes;

a measurement interface for receiving at least one parameter

measurement from the at least one sensor; and

a controller for controlling the output of the generator in

accordance with a respective probe duty cycle, the controller

being coupled to the electrical generator and to the

measurement interface and operable to adjust one or more of

the respective probe duty cycles responsive to the at least one

parameter measurement.

16.A method for controlling an electrosurgical generator during a

treatment procedure, the generator delivering energy in

accordance with one or more controllable energy delivery

parameters directly controllable by the generator and one or more

dependent energy delivery parameters not directly controllable by

the generator, the method comprising:



measuring at least one tissue parameter indicative of a property

of a tissue; and

modifying a value of at least one of the controllable energy

delivery parameters in response to the at least one measured

tissue parameter, in order to modify a value of at least one of the

dependent energy delivery parameters.

17.An electrosurgical system for performing procedures on a body of a

human or animal, comprising:

a plurality of energy delivery devices, each energy delivery

device comprising at least one electrode for delivering electrical

energy to a tissue of the patient's body, at least one of the

energy delivery devices comprising at least one sensor for

measuring at least one parameter indicative of a property of the

tissue to which energy is delivered;

an electrical generator for delivering energy to the tissue via the

energy delivery devices; and

a controller for controlling an output of the electrical generator

in accordance with one or more directly controllable energy

delivery parameters and one or more dependent energy

delivery parameters not directly controllable, wherein the

controller is operable to modify a value of at least one of the

controllable energy delivery parameters in order to modify a

value of at least one of the dependent energy delivery

parameters responsive to at least one of the parameters

measured by the at least one sensor.
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