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Abstract
A medical device includes a handle assembly and a probe-and-amplifier
assembly. The handle assembly includes a handle body defining a chamber therein.
The probe-and-amplifier assembly includes a probe and a microwave amplifier unit.
The probe extends distally from the distal end of the handle assembly. The microwave
amplifier unit is disposed within the chamber. The microwave amplifier unit and the
probe are mechanically coupled to one another to form a unitary body. The probe-and-

amplifier assembly Is selectively removable from the handie assembly.
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HANDHELD MEDICAL DEVICES INCLUDING MICROWAVE AMPLIFIER UNIT AT
DEVICE HANDLE

BACKGROUND

1. Technical Field

(00011  The present disclosure relates to handheld medical devices suitable for use in
fissue ablation applications. More particularly, the present disclosure relates to medical
devices with a microwave amplifier unit at the device handle, electrosurgical systems
including the same, methods of directing energy to tissue using the same, and methods

of manufacturing the same.

2. Discussion of Related Art

[0002]  Electrosurgical instruments have become widely used by surgeons.
Electrosurgery involves the application of thermal and/or electrical energy to cut, dissect,
ablate, coagulate, cauterize, seal or otherwise treat biological tissue during a surgical
procedure. Electrosurgery is typically performed using a handpiece including a surgical

instrument (e.g., end effector or ablation probe) adapted to transmit energy to a tissue
site during electrosurgical procedures, a remote electrosurgical generator operable to
output energy, and a cable assembly operatively connecting the surgical instrument to

the remote generator.

[0003] In various open and laparoscopic surgeries, it is necessary to coagulate, sea!
or weld tissues. A number of devices are available that can be used to provide high
bursts of energy for short periods of time to coagulate, cauterize, cut and/or seal tissue.

By utilizing an electrosurgical forceps, a surgeon can cauterize, coagulate, desiccate
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and/or cut tissue and/or simply reduce or siow bleeding by controlling the intensity,
frequency and duration of the electrosurgical energy applied through the end effector to
the tissue. The energy is generated by a remote generator and applied to the tissue via

electrodes that are electrically connected via a cable assembly to the generator.

[0004]  Treatment of certain diseases requires the destruction of malignant tissue
growths, e.g., tumors. In the treatment of diseases such as cancer, certain types of
tumor cells have been found to denature at elevated temperatures that are slightly lower
than temperatures normally injurious to healthy cells. Known treatment methods, such
as hyperthermia therapy, heat diseased cells to temperatures above 41° C while
maintaining adjacent healthy cells below the temperature at which irreversible cell
destruction occurs. These methods may involve applying electromagnetic radiation to
heat, ablate and/or coagulate tissue. There are a number of different types of

electrosurgical apparatus that can be used to perform ablation procedures.

[0005] Typically, microwave apparatus for use in ablation procedures include a
microwave generator that functions as an energy source and a microwave surgical
instrument (e.g., microwave ablation probe) having an antenna assembly for directing
the energy to the target tissue. The surgical instrument and microwave generator are
typically operatively coupled by a cable assembly having a plurality of conductors for
transmitting energy from the remote generator to the surgical instrument, and for
communicating control, feedback and identification signals between the instrument and
the remote generator. There are several types of microwave probes in use, e.g.,

monopole, dipole and helical, which may be used in tissue ablation applications.
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[0006] A variety of types of handheld instruments utilizing electromagnetic radiation
have been employed for various types of electrosurgery in a variety of types of
applications. Cable assemblies are typically employed to mechanically connect the
handheld instruments to remote energy sources and to serve as a propagation medium
and waveguide for the radiofrequency (RF) or microwave signal. Parameters used to
evaluate the electrical performance of microwave cable assemblies include attenuation
of the cable (also known as insertion loss, i.e., loss of power due to inserting the cable
between the source and the load), voltage standing-wave ratio (VSWR) characteristics,
and the shielding of the cable’s outer conductor. Stray leakage of microwave energy
from the cable assembly may cause interference to deployed wireless networks, patient
monitoring, and other medical equipment used In a hospital environment. Cable
assemblies add cost to produce and maintain the microwave surgical instruments.
Cable assemblies may also interfere with the surgeon's full freedom of movement
during use of a handheld instrument to perform procedures utilizing electromagnetic

radiation to treat tissue.

SUMMARY
[0007] According to an aspect, a medical device is provided. The medical device

includes a handle assembly. A probe extends distally from a distal end of the handle
assembly. A microwave amplifier unit is disposed within the handle assembly. The
microwave amplifier unit is adapted to amplify a high-frequency input signal to generate

a high-frequency output signal to be transmitted to the probe.
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[0008] The medical device may include a microwave-signal-amplifying module. The
microwave amplifier unit may include one or more oufputs electrically-coupled to one or
more outputs of the microwave-signal-amplifying module. The microwave ampilifier unit
may be disposed within the microwave-signal-amplifying module. In addition or
alternatively, the medical device may include a controller electrically-coupled to the
microwave-signal-amplifying module and/or electrically-coupled to the microwave
amplifier unit. The controller may be adapted to control one or more operating
parameters (e.g., temperature, impedance, power, current, voltage, mode of operation,
and/or duration of application of electromagnetic energy) associatied with the

microwave-signal-amplifying module.

[0009] According to another aspect, a medical device is provided that includes a
handle assembly including a handle body defining a chamber therein. The medical
device includes a microwave-signal-amplifier/controller module disposed within the
chamber. The microwave-signal-amplifier/controller module includes a microwave
amplifier unit and a controller. The microwave amplifier unit is adapted to amplify a
high-frequency input signal to generate a high-frequency output signal. The controller is
adapted to control one or more operating parameters (e.g., temperature, impedance,
power, current, voltage, mode of operation, and/or duration of application of
electromagnetic energy) associated with the microwave-signal-amplifier/controller
module. The medical device includes a probe extending distally from the distal end of

the handle assembly. The probe is operably coupled to an output of the microwave-

signal-amplifier/controller module.
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[0010] The microwave amplifier unit may include one or more oufputs electrically-
coupled to one or more outputs of the microwave-signal-amplifier/controlier module.
The controller may be adapted to control one or more operating parameters (e.g.,
temperature, impedance, power, current, voltage, mode of operation, and/or duration of

application of electromagnetic energy) associated with the microwave amplifier unit.

[0011] In any of the aspects, the medical device may include one or more electrical
conductors associated with the handie assembly (and/or handle body) for providing one
or more electrically-conductive pathways. In any of the aspects, the handle assembly
(and/or handle body) may be adapted to allow the microwave-signal-amplifying module
or the microwave-signal-amplifier/controller module to be removable from the handie
assembly. The microwave-signal-amplifying module or the microwave-signal-
amplifier/controller module may include one or more connector portions provided with
one or more electrical connectors or terminals suitable for making electrical connections
with electrical conduciors associated with the handle assembly (and/or handie body).
The one or more connector portions may be configured to be removeably coupleable to

electrical conductors associated with the handle assembly (and/or handie body).

[0012] In any of the aspects, the microwave-signal-amplifying module or the

microwave-signal-amplifier/controller module may additionally include a signal generator
adapted to generate high-frequency signals (e.g., microwave signals) to be transmitted
to an input of the microwave ampilifier unit. One or more outputs of the signal generator

may be electrically-coupled to one or more inputs of the microwave amplifier unit.

[0013]  According to another aspect, a medical device is provided. The medical

device Includes a probe and a handle assembly. The handle assembly includes a
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handle body defining a first chamber therein and configured to support the probe at a
distal end thereof. A microwave-signal-amplifying module inciuding a microwave
amplifier unit is disposed within the first chamber. The probe is operably coupled fo an
output of the microwave-signal-amplifying module. The handle assembly further
includes a grip member defining a second chamber therein. The grip member is
coupled to the handle body. A power-supply/controller module is dispo;ed within the
second chamber. The power-supply/controlier module includes a controller adapted to
control one or more operating parameters associated with the microwave-signal-
amplifying module. The grip member is adapted to allow the power-supply/controlier

moduie to be removable from the handle assembly.

[0014] In any of the aspects, the medical device may be adapted to allow a user to
select a signal source for high-frequency signals to be received at an input of the
microwave amplifier unit. The medical device may additionally, or alternatively, include
a switch adapted to enable the user to selectively switch between the signal generator

and an external source of high-frequency signals.

[0016]  According to yet another aspect, a medical device is provided. The medical
device includes a handle assembly and a probe-and-amplifier assembly. The handle
assembly includes a handie body defining a chamber therein. The probe-and-ampilifier
assembly includes a probe extending distally from a distal end of the handle assembly.
The probe-and-ampiifier assembly further includes a microwave amplifier unit disposed

within the chamber. The microwave amplifier unit is coupled to a proximal end of the

probe and adapted to amplify a high-frequency input signal to generate a high-

frequency output signal to be transmitted to the probe. The handle body is adapted to
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releaseably engage the probe-and-amplifier assembly to allow removal of the probe-

and-amplifier assembly from the handle assembly.

[0016] The probe may be releaseably mechanically coupled to the microwave
amplifier unit to allow the probe to be separated from the amplifier, e.g., to facilitate
cleaning and/or serialization of the probe and/or to permit replacement of the microwave

amplifier unit.

[0017] In any of the aspects, the medical device may include a user interface, e.g.,
configured to provide user-input capabilities and/or capabilities for simplified use and/or
programming of the medical device. The user interface may be adapted to enable a
user to selectively configure one or more operating parameters of the medical device, or
component thereof, e.g., depending upon a particular purpose and/or to achieve a
desired surgical outcome. The user interface may include a screen, such as a flat-panel
display, e.g., an LCD (liquid crystal display), plasma display panel (PDP), organic light
emitting diode (OLED), or electro-luminescent display (ELD). The screen may be
located at the handle assembly. The screen may be communicatively-coupled to the
controller. The medical device may additionally, or alternatively, include one or more
user-input devices, e.g., pointing device (joystick, trackball, etc.) and/or touchscreen.
The user-input device(s) may be ergonomically located at the handle assembly. The
user-input device(s) may be communicatively-coupled to the controller. The user
interface may additionally, or alternatively, include an indicator unit adapted to provide

perceptible sensory alerts. The indicator unit may be communicatively-coupled to the

controller.
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[0018] According to yet another aspect, a system is provided. The system includes
a microwave signal generator and a medical device. The medical device includes a
handle assembly including a handle body defining a chamber therein. The medical
device further includes a probe-and-amplifier assembly. The probe-and-amplifier
assembly includes a probe extending distally from a distal end of the handle assembly
and a microwave amplifier unit disposed within the chamber. The microwave amplifier

unit and the probe are mechanically coupled to one another to form a unitary body.

[0019] According to yet another aspect, a system is provided. The system includes
a microwave signal generator and a medical device. The medical device includes a
handle assembly. The medical device further includes a microwave-signal-amplifying
module disposed within the handle assembly and a probe extending distally from a
distal end of the handle assembly. The probe Is operably coupled to the microwave-
signal-amplifying module. The microwave-signal-amplifying module is adapted to

amplify a high-frequency input signal to generate a high-frequency output signal.

[0020] In any of the aspects, the medical device may include a self-contained power
source. The self-contained power source may be disposed within a grip-member
chamber defined in a grip member of the handle assembly of the medical device. The
self-contained power source may be disposed within a handle-body chamber defined in
a handie body of the handle assembly of the medical device. The grip member and/or
the handle body of the handle assembly of the medical device may be adapted to allow

the self-contained power source to be removable from the handle assembly.

[0021]  According to yet another aspect, a method of directing energy to tissue is

provided. The method includes the initial step of providing a handheld device including
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an energy applicator and a handle assembly configured to support the energy applicator

at a distal end thereof. The method also includes the step of transmitting energy from
an output of a microwave amplifier unit disposed within the handle assembly through

the energy applicator to tissue.

[0022] According to still another aspect, a method of directing energy to tissue is
provided. The method includes the initial step of providing a handheld device including
a microwave-signal-amplifying module at a handle assembly of the device and a probe
including an antenna assembly operably coupled to the microwave-signal-amplifying
module. The microwave-signal-amplifying module includes a microwave ampilifier unit
adapted fo amplify a high-frequency input signal to generate a high-frequency output
signal. The method also includes the step of transmitting energy from an output of the

microwave amplifier unit through the antenna assembly to tissue.

[0023]  According to still another aspect, a method of manufacturing a medical device
is provided. The method includes the initial steps of providing a handie assembly and
oroviding a microwave-signal-amplifying module (or microwave-signal-amplifier/
controller module). The handle assembly includes a handle body defining a chamber
therein. The handle body is configured to support an energy applicator at a distal end
thereof. The microwave-signal-amplifying module includes a microwave amplifier unit
adapted to amplify a high-frequency input signal to generate a high-frequency output
sighal. The microwave-signal-amplifying module includes one or more connector
portions including one or more electrical connectors adapted to be removeably
coupleable to one or more electrical conductors associated with the handle body. The

method also includes the step of positioning the microwave-signal-amplifying module



CA 02790026 2012-09-17

into the chamber, or portion thereof, to bring the one or more electrical connectors of

the one or more connector portions into electrical engagement with one or more

electrical connectors associated with the handie body.

[0024]  According to still another aspect, a method of manufacturing a medical device
Is provided. The method includes the initial step of providing a handle assembly
including a handle body defining a chamber therein, an energy applicator extending
distally from a distal end of the handle body, and one or more electrical conductors
associated with the handle body for providing one or more electrically-conductive
pathways. One of the one or more electrical conductors provides an electrically-
conductive pathway from the chamber, or portion thereof, to the energy applicator. The
method also Includes the step of providing a microwave-signal-amplifying module (or
microwave-signal-amplifier/controller module) including a microwave amplifier unit
adapted to amplify a high-frequency input signal to generate a high-frequency output
signal. The microwave-signal-amplifying module may additionally include a signal
generator adapted to generate the high-frequency input signal to be transmitted to an
input of the microwave amplifier unit. The method also includes the step of positioning
the microwave-signal-amplifying module into the chamber, or portion thereof, to bring
one or more electrical conductors of one or more connector portions of the microwave-

signal-amplifying module into electrical engagement with the one or more electrical

conductors associated with the handle body.

[0025] In any of the aspects, the microwave amplifier unit may include a solid-state

amplifier having one or more high-frequency switching elements. The one or more

10



CA 02790026 2012-09-17

high-frequency switching elements may include one or more Gallium Nitride Metal-

Oxide Semiconductor Field-Effect Transistors (GaN MOSFETSs).

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] Objects and features of the presently-disclosed handheld medical device with
a microwave amplifier unit at the device handle, electrosurgical systems including the
same, methods of directing energy to tissue using the same, and methods of
manufacturing the same will become apparent to those of ordinary skill in the art when
descriptions of various embodiments thereof are read with reference to the

accompanying drawings, of which:

[0027] FIG. 1 is a schematic diagram of an electrosurgical system that includes a

medical device in accordance with an embodiment of the present disclosure;

[0028] FIG. 2 is a block diagram illustrating the various functional components of a

conventional microwave generation and delivery system;

[0029] FIG. 3 is a schematic diagram of a medical device including a microwave-

signal-amplifying module in the device handle in accordance with an embodiment of the

present disclosure;

[0030] FIG. 4 is a schematic diagram of a medical device including a microwave-

signal-amplifier/controller module in the device handle in accordance with the present

disclosure:

11
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[0031] FIG. 5 is a schematic diagram of still another embodiment of a medical device
including a probe-and-amplifier assembly in the device handle in accordance with the

present disclosure;

[0032] FIG. 6 is a schematic diagram of a medical device with an elecfrosurgical

generator in the device handle in accordance with the present disclosure;

[0033] FIG. 7 is a flowchart illustrating a method of directing energy to tissue in

accordance with an embodiment of the present disclosure;

[0034] FIG. 8 1s a flowchart illustrating a method of directing energy to tissue in

accordance with another embodiment of the present disclosure;

[0035] FIG. 9 is a flowchart illustrating a method of manufacturing a medical device

in accordance with an embodiment of the present disclosure; and

[0036] FIG. 10 i1s a flowchart illustrating a method of manufacturing a medical device

In accordance with another embodiment of the present disclosure.

DETAILED DESCRIPTION
[0037] Hereinafter, embodiments of the presently-disclosed handheld medical device

with a microwave amplifier unit at the device handle, electrosurgical systems including

the same, methods of directing energy to tissue using the same, and methods of

manufacturing the same will be described with reference to the accompanying
drawings. Like reference numerals may refer to similar or identical elements throughout
the description of the figures. As shown in the drawings and as used in this description,

and as is traditional when referring to relative positioning on an object, the term

12
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"proximal” refers to that portion of the apparatus, or component thereof, closer to the
user and the term "distal" refers to that portion of the apparatus, or component thereof,
farther from the user. In the following description, well-known functions or constructions
are not described in detail to avoid obscuring the present disclosure in unnecessary

detail.

[0038] This description may use the phrases "in an embodiment," "in embodiments."
'in some embodiments," or "in other embodiments," which may each refer to one or
more of the same or different embodiments in accordance with the present disclosure.
For the purposes of this description, a phrase in the form "A/B" means A or B. For the
purposes of the description, a phrase in the form "A and/or B" means "(A), (B), or (A and
B)". For the purposes of this description, a phrase in the form "at least one of A, B, or

C" means "(A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C)"

[0039] Electromagnetic energy Is generally classified by increasing energy or
decreasing wavelength into radio waves, microwaves, infrared, visible light, ultraviolet,
X-rays and gamma-rays. As it is used in this description, "microwave" generally refers
to electromagnetic waves in the frequency range of 300 megahertz (MHz) (3 x 10°
cycles/second) to 300 gigahertz (GHz) (3 x 10" cycles/second). As it is used in this
description, "ablation procedure" generally refers to any ablation procedure, such as
microwave ablation, radio frequency (RF) ablation or microwave ablation-assisted
resection. As it is used in this description, "energy applicator" generally refers to any
device that can be used to transfer energy from a power generating source, such as a

microwave or RF electrosurgical generator, to tissue.

13
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[0040] As used herein, the terms "power source" and "power supply" refer fo any
source (e.g., battery) of electrical power in a form that is suitable for operating electronic
circuits. As it is used in this description, "transmission line" generally refers to any
transmission medium that can be used for the propagation of signals from one point to
another. As it is used in this description, "swiich" or "switches" generally refers to any
electrical actuators, mechanical actuators, electro-mechanical actuators (rotatable
actuators, pivotable actuators, toggle-like actuators, buttons, etc.), optical actuators, or
any suitable device that generally fulfills the purpose of connecting and disconnecting
electronic devices, or component thereof, instruments, equipment, transmission line or

connections and appurtenances thereto, or software.

[0041] As it is used in this description, "ampiifier" generally refers to a device that
produces an electrical output that is a function of the corresponding electrical input
parameter, and increases the magnitude of the input by means of energy drawn from an
external source (e.g., it introduces gain), or in some situations it is possible that the
amplifier may have a gain of zero or unity gain. In general, a gain (amplification) is
expressed as a positive decibel value, a loss (attenuation) is expressed as a negative
decibel value, and unity gain (no gain) is expressed as zero decibels. In a power

amplifier, the gain iIs usually defined as the ratio of the power output to the power input

of the amplifier.

[0042]  As it is used in this description, "elecfronic device" generally refers to a device
or object that utilizes the properties of electrons or ions moving in a vacuum, gas, or
semiconductor. As if is used herein, "electronic circuitry” generally refers to the path of

electron or ion movement, as well as the direction provided by the device or object to

14



CA 02790026 2012-09-17

the electrons or ions. As it is used herein, "electrical circuit" or simply "circuit" generally
refers to a combination of a number of electrical devices and conductors that when
connected together, form a conducting path to fulfil a desired function, such as
amplification. Any constituent part of an electrical circuit other than the interconnections

may be referred to as a "circuit element.”

[0043] As it s used in this description, "user interface" generally refers to any visual,
graphical, tactile, audible, sensory or other mechanism for providing information to
and/or receiving information from a user or other entity. The term "user interface” as
used herein may refer to an interface between a human user (or operator) and one or
more devices to enable communication between the user and the device(s). Examples
of user Interfaces that may be employed in various embodiments of the present
disclosure include without limitation, switches, potentiometers, buttons, dials, sliders, a
mouse, keyboard, keypad, joysticks, trackballs, display screens, various types of
graphical user interfaces (GUIs), touch screens, microphones and other types of
sensors or devices that may receive some form of human-generated stimulus and
generate a signal in response thereto. As it is used herein, "computer" generally refers
to anything that transforms information in a purposeful way. For the purposes of this

description, the term "code" should be interpreted as being applicable to software,

firmware, or a combination of software and firmware.

[0044]  Various embodiments of the present disclosure provide a handheld medical
device with a microwave-signal-amplifying module at the handle assembly of the device

operably coupled to a suitable energy applicator or probe for employing electromagnetic

energy at microwave frequencies to produce a therapeutic effect on targeted tissue at a

15
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surgical site. Embodiments may be implemented using electromagnetic radiation at

microwave frequencies or at other frequencies.

[0045] Various embodiments of the presently-disclosed medical device with a
microwave-signal-amplifying module at the device handle are capable of directing
energy Into tissue, and may be suitable for use in a variety of procedures, e.g.,
microwave cutting, sealing, and coagulation. Various embodiments of the presently-
disclosed medical device with a microwave-signal-amplifying module at the device
handle and electrosurgical system including the same are suitable for microwave
ablation and for use to pre-coagulate tissue for microwave ablation-assisted surgical
resection. In addition, although the following description describes the use of a medical
device with an energy applicator adapted for percutaneous energy delivery, the devices
disclosed herein may be used with, or incorporated into, any suitable type of
electrosurgical energy delivery device, such as, for example, an open device, a
catheter-type device, an endoscopic device, and a direct-contact, surface-delivery

device.

[0046] Various embodiments of the presently-disclosed handheld medical device
entirely eliminate the need for remote electrosurgical power supplies and controllers. In
some embodiments, the handheld medical device has no power or control cords, e.g., it
Is self-powered and all control circuitry and power supplies reside in the handle
assemply of the device. Embodiments provide various configurations for locating
control circuitry and microwave circuitry, some of which allow the circuitry to be entirely

removed from the handheld device and modularly exchanged with other circuitry, e.g.,

16
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to meet the needs of the surgical team for hospital, surgery center, and/or office-based

procedures.

[0047] Various embodiments of the presently-disclosed handheld medical device
iInclude a handle assembly including a handle body defining therein a first chamber
(also referred to herein as a "handle-body chamber") and a grip member defining
therein a second chamber (also referred to herein as a "grip-member chamber").
Although the following description describes the use of a handle assembly including a
handle body configured to support an energy applicator or probe at a distal end thereof
and a grip member coupled to the handle body and adapted to be gripped by the user,
the teachings of the present disclosure may also apply to a handle assembly including a
handle body configured to support an energy applicator or probe at a distal end thereof

and adapted to be gripped by the user.

[0048] In some embodiments, as shown in FIGS. 1, 3 and 6, a microwave-signal-
amplifying module 180, 380 and 680 is disposed within a handle-body chamber 1786,
376 and 676, respectively, defined in a handle body 173, 373 and 673, respectively, of a
handle assembly 170, 370 and 670, respectively, of a handheld medical device 100,
300 and 600, respectively. In some embodiments, as shown in FIG. 3, a power-
supply/controller module 344 is disposed within a grip-member chamber 378 defined in
a grip member 375 of a handle assembly 370 of a handheld medical device 300. In

some embodiments, as shown in FIG. 4, a microwave-signal-amplifier/controller module

480 1s disposed within a grip-member chamber 478 of a handle assembly 470 of a

handheld medical device 400.

17
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[0049] Various embodiments of the presently-disclosed handheld medical device are
adapted to allow the surgeon to select an energy applicator, probe, or end-effector
assembly suitable for a particular application, as desired. In some embodiments, as
shown in FIG. 5. a handheld medical device 500 is provided with a microwave amplifier
unit 589 incorporated with a probe 100 as a unitary body (referred to herein as a probe-
and-amplifier assembly 510), wherein the probe-and-amplifier assembly 9510 Is

releaseably coupleable with the handle assembly 570 of the medical device 500.

[0050] In some embodiments, a transmission line 515 (e.g., shown in FIG. 5) is
provided to connect a microwave amplifier unit 589 (e.g., shown in FIG. 5) disposed
within the handle-body chamber 576 (e.g., shown in FIG.5) to a remote signal
generator 586 (e.g., shown in FIG. 5). In other embodiments, a transmission line 15
(e.g., shown in FIG. 1) is provided to connect the probe 110 to a remote electrosurgical

power generating source.

[0051] FIG. 1 shows an electrosurgical system 10 according to an embodiment of
the present disclosure that includes a handheld medical device 100 including a
microwave-signal-amplifying module 180 in the handle assembly 170 of the medical
device 100. Handle assembly 170 may have various configurations, some of which
aliow the microwave-signal-amplifying module 180 to be entirely removed from the
medical device 100 and modularly exchanged with other microwave-signal-amplifying
modules. Microwave-signal-amplifying module 180 includes a microwave amplifier unit
189. Microwave amplifier unit 189 generally includes one or more inputs (e.g., input
191) and one or more outputs (e.g., output 193). In some embodiments, as shown In

FIG. 1, the microwave-signal-amplifying module 180 includes a signal generator 186

18
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capable of generating high-frequency signals, e.g., microwave signals, to be transmitted

to an input 191 of the microwave amplifier unit 189.

[0052] Handle assembly 170 generally includes a grip member 175 and a handle
body 173 configured to support an energy applicator or probe 110 at a distal end 17
thereot. Probe 110 may be electrically-coupled to the output 190 of the microwave-
signal-amplifying module 180 and/or the output 193 of the microwave ampilifier unit 189
by an electrical conductor of any suitable configuration, e.g., a transmission line 195
adapted to transmit the high-frequency signals outputted from the microwave amplifier
unit 189 to the probe 110. Probe 100 may include one or more antennas of any suitable
type, such as an antenna assembly (or antenna array) suitable for use in tissue ablation
applications. For ease of explanation and understanding, the probe 100 is described as

including a single antenna assembly 12.

[0053] Handle assembly 170 may be adapted to provide various configurations of
electrical connections between the power on/off switch 121, the self-contained power
source 118, and/or the microwave-signal-amplifying module 180, or component thereof,
e.g., microwave amplifier unit 189. It is to be understood that the dotted lines indicative

of electrical connections (e.g., electrical conductors) between various components of
the medical device 100 shown in FIG.1 are merely illustrative and non-limiting
examples of electrical connections, and that medical device embodiments of the present
disclosure may utilize many different configurations of electrical connections, some with

fewer, or additional, electrical connections than depicted in FIG. 1.

[0054] Microwave-signal-amplifying module 180 may include one or more connector

portions provided with one or more electrical connectors or terminals suitable for making
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electrical connections with certain of the circuitry of the handle assembly 170. In some
embodiments, as shown in FIG. 1, the microwave-signal-amplifying module 180
includes a first connector portion 181 having a plurality of electrical connectors or
terminals for making electrical connections with the circuitry of the handle assembly
170, a second connector portion 182 having one electrical connector or terminal for
making an electrical connection with the probe 110, and a third connector portion 183
having one electrical connector (or terminal) for use as an output, e.g., for making an
electrical connection with the probe 110 and/or circuitry (e.g., switch 161) associated
therewith. The shape and size of the handle assembly 170 and the microwave-signal-

amplifying module 180 may be varied from the configuration depicted in FIG. 1.

[0055] Microwave amplifier unit 189 may include one or more power amplifiers
and/or other suitable mechanism adapted to amplify a high-frequency input signal to
generate a high-frequency output signal to be transmitted to the probe 110. Microwave
amplifier unit 189 may include means to process and/or filter the signal. Microwave
amplifier unit 189 may be solid state, and may provide high output power and/or high

efficiency over a broad frequency range. Microwave amplifier unit 189 generally

includes an active element suitable for ampliifying a microwave signal, and may use
swiiching to achieve high power efficiency. In simple terms, a switching amplifier
consists of a periodically driven switch (active element) connected to a passive load
network, which may be assumed to be linear and time-invariant. Microwave ampiifier
unit' 189 may be Implemented using active elements of various kinds, and its
Implementation may depend on factors determined by the device providing the input

signal and/or the energy applicator or probe 110 to which the output signal is sent.
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Microwave amplifier unit 189 may include one or more solid-state amplifiers with high-
frequency switching elements, e.g., to allow for high-efficiency amplifier topologies to be
utilized, such as the class-E or its variants, class-F, or inverse class-F designs.
Examples of suitable high-frequency switching elements include without limitation,

Gallium Nitride Metal-Oxide Semiconductor Field-Effect Transistors (GaN MOSFETS).

[0056] In some embodiments, as shown in FIG. 1, the microwave-signal-amplifying
module 180 includes a signal generator 186 electrically-coupled to an input 191 of the
microwave amplifier unit 189. Signal generator 186 may include any suitable type of
device capable of generating high-frequency, e.g., microwave, signais to be transmitted
to the microwave amplifier unit 189. Medical device 100 may additionally, or
alternatively, be adapted to selectively enable the microwave amplifier unit 189 to
receive signals from a remote signal generator, e.g., a standalone signal generator 586
(e.g., shown in FIG. 5), or a remote electrosurgical power generating source 28 or

component thereof, e.g., sighal generator 206.

[0057] Meaical device 100 may additionally, or alternatively, be adapted fto
selectively enable the probe 110 to receive one or more electrical signals and/or
electrosurgical energy from a remote electrosurgical power generating source 28. In
some embodiments, the handle assembly 170 may include a switch 161 adapted to
enable the user to control operations of the medical device 100 by selectively switching
between the microwave-signal-ampiifying module 180, or component thereof (e.g.,
output 190 shown in FIG. 1), and a remote electrosurgical power generating source 28,

or component thereof (e.g., generator connector 209 shown in FIG. 2).
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[0058] In some embodiments, as shown in FIG. 1, the handle assembly 170 includes

a self-contained power source 118, a controller 126, and a power on/off trigger or switch
121. Power on/off switch 121 may be electrically-coupled to the controller 126. in some
embodiments, the controller 126 is communicatively-coupled to one or more detectors,
e.g., radiation detector (not shown), and configured to override operation of the power
on/off switch 121 in response to an electrical signal generated by the one or more

detectors.

[0059] Controller 126 may Include any type of computing device, computational
circuit, or any type of processor or processing circuit capable of executing a series of
instructions that are stored in a memory (e.g., 626 shown in FIG. 6) associated with the
controller 126, where memory may be any device or medium that can store code and
data, e.g., data associated with the probe 110, data associated with the microwave-
signal-amplifying module 180 or component thereof, and/or other data. Functions of the
controller 126 can be performed in hardware and/or software, as desired. Controller
126 may Include logic, circuitry and/or code adapted to control the self-contained power
source 118 responsive to one or more electrical signals received from the power on/off
switch 121. Controller 126 may be adapted to run an operating system platform and
application programs. Controller 126 may receive user-inputs from one or more user-
input devices, including without limitation, a joystick, trackball, touchscreen, and/or other
user-input device, e.g., the power on/off switch 121 and/or an intensity controller (not

shown), communicatively-coupled to the controller 126.

[0060] In some embodiments, as shown in FIG. 1, the controller is electrically-

coupled to the microwave-signal-amplifying module 180, and may be adapted to contro!
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one or more operating parameters associated with the microwave-signal-amplifying
module 180, or component thereof, e.g., microwave amplifier unit 189. Examples of
operating parameters associated with the electrosurgical power generating source
include without limitation temperature, impedance, power, current, voltage, mode of

operation, and duration of application of electromagnetic energy.

[0061] In some embodiments, the handle assembly 170 may include a switch 162
adapted to enable the user to selectively switch between the signal generator 186 and a
remote signal generator (e.g., signal generator 206 shown in FIG. 2). Switch 161 may
be communicatively-coupled to the controller 126, and the controller 126 may be
adapted to allow the user o selectively enable the microwave amplifier unit 189 to
receive signals from a remote signal generator, e.g., a standalone signal generator 586
(e.g., shown in FIG. 5), or a remote electrosurgical power generating source 28 or

component thereof, e.g., signal generator 206.

[0062] Handle assembly 170 may be formed of any suitable material or combination
of materials by any suitable process. In some embodiments, the grip member 175 may
be integrally associated with the handle body 173. Handle assembly 170 or portions
thereof, e.g., grip member 175 and/or handle body 173, may be formed from two
housing halves (not shown). Each half of the housing may include a series of
mechanical interfacing components (not shown) configured to matingly engage with a
corresponding series of mechanical interfaces (not shown) to align the two housing
halves about the inner components and assemblies of the medical device 100. It is
contempiated that the housing halves (as well as other components described herein)

may be assembled together with the aid of alignment pins, snap-like interfaces, tongue
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and groove interfaces, locking tabs, adhesive ports, efc., utilized either alone or in

combination for assembly purposes.

[0063] In some embodiments, the handle body 173 defines therein a handle-body
chamber 176 having an interior space configured to accommodate at least the
microwave-signal-amplifying module 180 therein, and the grip member 175 defines
therein a grip-member chamber 178 having an interior space configured to
accommodate at least a self-contained power source 118 therein. Handle body 173
may include one or more internal walls (not shown) configured to partition the grip-
member chamber 178 into one or more compartments, e.g., a sealable battery-holding
compartment. In some configurations, the grip-member chamber 178 has sufficient
Interior space to contain a self-contained power source 118 and a controller 126 therein,

which may be disposed in separate compartments defined by one or more internal walls

(not shown) within the grip member 175.

[0064] Handle-body chamber 176 and/or the grip-member chamber 178 may include
an open end communicatively associated with an opening defined in the handle body
173 ana/or the grip member 175. In such case, the opening may be covered by a
removable cover plate, e.g., to allow removal of the microwave-signal-amplifying
module 180, the self-contained power source 118 and/or other components of the
medical device 100 disposed within, or otherwise associated with, the handle-body

chamber 176, or portion thereof, and/or the grip-member chamber 178, or portion

thereof.

[0065] Probe 100 may include one or more antennas of any suitable type, such as

an antenna assembly (or antenna array) suitable for use in tissue ablation applications.
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For ease of explanation and understanding, the probe 100 is described as including a
single antenna assembly 12. In some embodiments, the probe 100 may include a

coolant chamber (not shown) defined about the antenna assembly 12 or portion thereof.

[0066] Probe 110 generally Iincludes an antenna assembly 12 (e.g., a dipole,
monopole, helical, or other suitable type of antenna assembly) having a radiating
antenna portion connected by a feediine 11 (or shaft) to the handle assembly 170.
Antenna assembly 12 may be a microwave antenna assembly having either a straight
or looped radiating antenna portion, etc., which may be inserted into or placed adjacent
to tissue to be treated. Antenna assembly 12 and the feedline 11 may have various
dimensions, e.g., diameter and length. Feedline 11 may be cooled by fluid, e.g., saline
or water, to improve power handling. Antenna assembly 12 may be provided with a
coolant chamber (not shown). Feedline 11 may be formed from any suitable flexible,
semi-rigid, or rigid microwave conduciive cable, and may connect directly to the
microwave-signal-amplifying module 180. Feedline 11 may additionally, or alternatively,
be adapted to electrically connect the antenna assembly 12 via a transmission line 15 to

a remote electrosurgical power generating source 28.

[0067] Self-contained power source 118 may be any combination of battery cells, a
battery pack, fuel cell and/or high-energy capacitor for use to provide power to the
medical device 100. For example, capacitors may be used in conjunction with a battery
pack. In such case, the capacitors may discharge a burst of power to provide energy
more quickly than batteries are capable of providing, as batteries are typically slow-
drain devices from which current cannot be quickly drawn. It is envisioned that batteries

may be connected to the capacitors to charge the capacitors. A battery pack may
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include at least one disposable battery. In such case, the disposable battery may be

between about 9 volts and about 30 volts, and may be a lithium-ion battery. Lithium
batteries may allow longer servicer life, thereby minimizing battery replacement. Handle
assembly 170 may be adapted to allow the self-contained power source 118 to be

easily removed from the device 100, e.g., to facilitate battery replacement.

[0068] Power on/off switch 121 may utilize any suitable switch configuration.
Examples of switch configurations that may be suitable for use with the medical aevice
100 include, but are not limited to, pushbutton, toggle, rocker (e.g., 521 shown In
FIGS. 5 and 6), tactile, snap, rotary, slide and thumbwheel. In some embodiments, the
power on/off switch 121 includes a trigger 111 located within a trigger guard 112. The

shape and size of the trigger 111 and the trigger guard 112 may be varted from the

configuration depicted in FIG. 1.

[0069] As an alternative to, or in addition to, the switch 121, the handle assembly
170 may include voice input technology, which may include hardware and/or software
incorporated in the controller 126, or a separate digital module connected to the

controller 126. The voice input technology may include voice recognition, voice
activation, voice rectification, and/or embedded speech. The user may be abie to
control the operation of the device in whole or in part through voice commands, e.g.,
freeing one or both of the user's hands for operating other instruments. Voice or other

audible output may also be used to provide the user with feedback.

[0070] In some embodiments, as shown in FIG. 1, the handheld medical device 100
Includes a transmission line 15 coupled to a connector 19, which further operably

connects the probe 110 to a remote electrosurgical power generating source 28, e.g., a
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microwave or RF electrosurgical generator. In some embodiments, the remote power
generating source 28 is configured to provide microwave energy at an operational
frequency from about 300 MHz to about 10 GHz. The remote power generating source
28 may be configured to operate in a variety of modes such as ablation, monopolar and
bipolar cutting, coagulation, and other modes. An embodiment of a remote
electrosurgical generator, such as the electrosurgical power generating source 28 of
FIG. 1, in accordance with the present disclosure, Is shown in more detail in FIG. 2. |t
will be wunderstood, however, that other standalone electrosurgical generator
embodiments may also be used. In some embodiments, a distal portion of the
transmission line 15 may be disposed within the handie assembly 170, e.g., within the
grip member 175 and/or the handle body 173. Transmission line 15 may additionally, or
alternatively, provide a conduit (not shown) configured to provide coolant fluid from a

coolant source 18 to one or more components of the medical device 100.

[0071] In alternative embodiments not shown, the handle assembly 170 may include
an intensity controller adapted to allow the user to adjust the power parameters (e.g.,
voltage, power and/or current intensity) delivered to the probe 100. Intensity settings
may be preset and selected from a look-up table, e.g., based on a choice of
electrosurgical instruments and/or attachments, desired surgical effect, surgical
specialty and/or surgeon preference. The selection may be made automatically or
selected manually by the user. The intensity values may be predetermined or adjusted
by the user. A variety of intensity controlier designs and different locations of the

intensity controller on the handle assembly 170 may suitably be used. Examples of

Intensity controller embodiments are disclosed in commonly assigned U.S. Patent No.
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7,156,844, entitled "ELECTROSURGICAL PENCIL WITH IMPROVED CONTROLS",

the disclosure of which is incorporated herein by reference in its entirety.

[0072] In alternative embodiments not shown, the handle assembly 170 may include
a radiation detector. The radiation detector may include any suitable device capable of
detecting electromagnetic radiation and converting it to another form of energy such as
electrical signals, and may be electrically-coupled to the controller 126. Examples of
radiation detector embodiments are disclosed In commonly assigned U.S. Patent
Application Serial No. 12/542,785 filed on August 18, 2009, entitled "MICROWAVE

ABLATION ANTENNA RADIATION DETECTOR", the disclosure of which is

incorporated herein by reference In its entirety.

[0073] In alternative embodiments not shown, the medical device 100 may include a
fluid-flow monitoring system adapted to monitor and/or regulate the pressure and/or flow
rate of fluid and capable of generating a signal indicative of an abnormal fluid circulation
condition. The fluid-flow monitoring system may include one or more sensors disposed
in fluid communication with the probe 110 capable of sensing the pressure and/or flow

rate of fluid flow in and/or out of the probe 110. In such case, the sensors may be
electrically-coupled to the controller 126. Examples of fluid-flow monitoring system
embodiments are disclosed in commonly assigned U.S. Patent Application Serial No.
12/568,972 filed on September 29, 2009, entitied "FLOW RATE MONITOR FOR FLUID

COOLED MICROWAVE ABLATION PROBE", U.S. Patent Application Serial No.

12/566,299 filed on September 24, 2009, entitled "OPTICAL DETECTION OF

INTERRUPTED FLUID FLOW TO ABLATION PROBE", and U.S. Patent Application

Serial No. 12/569,685 filed on September 29, 2009, entitled "FLOW RATE MONITOR
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FOR FLUID COOLED MICROWAVE ABLATION PROBE", the disclosures of which are

incorporated herein by reference In their entireties.

[0074] In alternative embodiments not shown, the handle assembly 170 may include
a reflected-power monitoring system adapted fo monitor power signals reflected from
the probe 110. For example, energy may be reflected from ablated tissue and received
by the antenna assembly 12. Energy not transferred o the antenna assembly 12 (e.g.,
when the antenna and feedline do not have matching impedances) may be reflected
back towards the energy source. In some embodiments, the reflected-power monitoring
system is electrically-coupled to the controller 126, and may include any suitable device
capable of detecting power signals reflected back from probe 110. The power sensor
may include a power sensor to monitor forward and reflected power, and may measure
the power output of the microwave-signal-amplifying module 180 (and/or electrosurgical
power generating source 28) that is ufilized by the antenna assembly 12. Examples of
power measurement system embodiments are disclosed in commonly assigned U.S.

Patent Application Serial No. 12/242,102 filed on September 30, 2008, entitled

"MICROWAVE ABLATION GENERATOR CONTROL SYSTEM", the disclosure of

which is incorporated herein by reference in its entirety.

[0075] In accordance with embodiments of the present disclosure, operating
parameters of the microwave-signal-amplifying module 180 and/or at least some of the
information monitored by various sensors, e.g., radiation detector (not shown) and fluid-
flow monitoring system (not shown), operably associated with the medical device 100
may be provided fo a video screen or monitoring system in an operating room. Medical

device 100 may be provided with a data port (not shown) and data may be transmitted
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to a receiver for the operating room monitoring system via the data port, which may be
wired (e.g., FireWire®, USB, Serial RS232, Serial RS485, USART, Ethernet, HDMI, mini
HDMI, etc.) and/or wireless (e.g., Bluetooth®, ANT3®, KNX®, Z-Wave®, X10%®, Wireless
USB, Wi-Fi® IrDA®, NanoNet® TinyOS® ZigBee® 802.11 IEEE, and other radio,
infrared, UHF, VHF communications and the like). Such features may facilitate
monitoring by the user of the medical device 100 or other operating room or hospital

personnel or remotely located persons.

[0076] FIG. 2 is a block diagram illustrating the various functional components of a
conventional microwave energy generation and delivery system 20. Conventional
system 20 includes a microwave generator 28, a transmission line 215 and a microwave
energy delivery device 210. Microwave generator 28 includes a power generation
circuit 202 that generates and provides DC power from a DC power supply 204 and a
microwave signal from a signal generator 206. DC power from the DC power supply
204 and the microwave signal from the signal generator 206 are supplied to a first
microwave amplifier unit 208 that amplifies the microwave signal to a desirable power
level. First microwave amplifier unit 208 may include one or more power amplifiers to

amplify the microwave signal generated by the signal generator 206 to a desired energy

level.

[0077]  The microwave signal outputted from the first microwave amplifier unit 208 is
supplied to a first end of the transmission line 215 connected to the generator connector

209. The second end of the transmission line 215 connects to the delivery device

connector 212 of the microwave energy delivery device 210. The microwave signal is
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passed through the device transmission line 214 to the antenna 216 at the distal end of

the microwave energy delivery device 210.

[0078] FIG. 3 shows a handheld medical device 300 according to an embodiment of
the present disclosure that includes a power-supply/controller module 344 and a
microwave-signal-amplifying module 380 at a handie assembly 370 of the device 300.
Handle assembly 370 may have various configurations, some of which allow the power-
supply/controller module 344 and/or the microwave-signal-amplifying module 380 to be
entirely removed from the handle assembly 370 of the device 300 and modularly
exchanged with other power-supply/controller and/or microwave-signal-amplifying

modules.

[0079] Power-supply/controller module 344, which is described in more detail later in
this description, includes a self-contained power source 318, a controller 326, and a
memory 32/ communicatively-coupled to the controlier 326. Microwave-signal-
amplifying module 380 includes a microwave amplifier unit 389, and may include a
signal generator 386 electrically-coupled to the microwave amplifier unit 389.
Microwave amplifier unit 389 and the signal generator 386 are similar to the microwave

amplifier unit 189 and the signal generator 186, respectively, shown in FIG. 1, and

further description thereof is omitted in the interests of brevity.

[0080] Handle assembly 370 generally includes a grip member 375 adapted to be
gripped by the user and a handle body 373 configured to support an energy applicator
or probe 110 at a distal end 37 thereof. Handle assembly 370 may be formed of any

sultable material or combination of materials having suitable material characteristics,

e.g., a sirength weight characteristic. In some embodiments, the handle assembly 370
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or portion thereof may be formed of a combination of metal and plastic or other

nonmetallic materials, or of entirely plastic or other nonmetallic materials, e.g.,
depending upon the requirements of a particular application, which can be economically

produced.

[0081] Handle body 373 defines therein a handle-body chamber 376 configured to
accommodate one or more components of the device 300, e.g., microwave-signal-
amplifying module 380, therein. Grip member 375 includes a housing 374 defining a
grip-member chamber 378 therein. Grip-member housing 374 includes an open bottom
end 379 disposed in communication with the grip-member chamber 3738, and may have
any shape suitable to be hand gripped by the user, e.g., a generally tubular shape. Grip
member 375 includes a bottom portion 377 configured to cover the open bottom end
379. In some embodiments, the bottom portion 377 may be adapted {o be removeably

coupleable (e.g., threadedly coupleable) to the grip-member housing 374.

[0082] In some embodiments, the bottom portion 377 may be adapted to
mechanically engage the grip-member housing 374 in a snap-fit manner, or may
alternatively be adapted to be connected to the housing 374 in any other suitable
manner. As used herein, "snhap-fit" refers to the engagement or assembly of two
members wherein at least one of the members has a protrusion and/or abutment that
engages the other member o form an interlock that retains the members together when
they are connected and at least one of the members has a resiliently deformable or
deflectable portion such that the deflectable portion deflects to remove the interiock as

the members are brought together and resiliently snaps back to reform the interlock

when the members are together.

32



CA 02790026 2012-09-17

[0083] Medical device 300 includes a power on/off switch 321 associated with the

handle assembly 370. In some embodiments, the handle assembly 370 Is adapted to
provide an electrical connection between the power on/off switch 321 and the controlier
326, as indicated by the dotted line therebetween shown in FIG. 3. Power on/off swiich
321 may be adapted to be operabie, singly or in conjunction with the controlier 326, to
be capable of switching an electric connection from the microwave-signal-amplifying
module 380 or component thereof, e.g., microwave amplifier unit 389, to the self-
contained power source 318 between a connect and a disconnect state. Self-contained
power source 318 disposed within or otherwise associated with the power-
supply/controller module 344 is similar to the self-contained power source 118 shown in

FIG. 1, and further description thereof is omitted in the interests of brevity.

[0084] Handle assembly 370 may be adapted {o provide various configurations of
electrical connections, e.g., one or more electric conductors suitably adapted for
fransfer of communication signals and/or electric power, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>