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(57) Abrege/Abstract:
A device for performing laparoscopic surgery which combines cautery and tissue debris conveyance via a combination of suction
and an archimedes screw, the cautery electrode encased within the archimedes screw, the device comprising a body portion
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(57) Abrege(suite)/Abstract(continued):

housing a motor for rotating the screw, a cannula having an aperture for exposing an instrument, extending from the body portion,
and a connector system operatively associated with the body portion, the connector system organized to provide pre-determined
relative locations of connection for operably connecting the cannula, a cautery electrode and an archimedes screw to the body

portion such the cautery electrode tip Is positionable outside the aperture of the cannula and the archimedes screw Is disposed
within the cannula in a position for conveying tissue entering the cannula via suction.
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Abstract

A device for performing [aparoscopic surgery which combines cautery and tissue debris
convevance via a combination of suction and an archimedes screw, the cautery electrode
encased within the archimedes screw, the device comprising a body portion housing a motor
for rotating the screw, a cannula having an aperture for exposing an instrument, extending
from the body portion, and a connector system operatively associated with the body portion,
the connector system organized to provide pre-determined relative locations of connection for
operably connecting the cannula, a cautery electrode and an archimedes screw to the body
portion such the cautery electrode tip is positionable outside the aperture of the cannula and
the archimedes screw is disposed within the cannula in a position for conveying tissue entering

the cannula via suction.
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Title: Device for Laparascopic Surgery

Field of The Invention

The present invention relates to a device for performing laparoscapic surgery which combines

cautery and tissue debris conveyance via a combination of suction and an Archimedes screw.

Background of the invention

US Patent No. 5,348,555 (‘555) describes an instrument for laparoscopic surgery including an
instrument body and a cannula which combines cautery, aspiration and irrigation. The cautery
rod is disposed within the cannula and can be manipulated so that it can be exposed {outside
the cannula) or retracted to within the lumen of the cannula. The instrument body has finger-
operated valves for respective connection to sources of suction and irrigation. The cannula is

composed of a polymeric material as opposed to metal so as to prevent the generation of a

capacitively coupled charge in the cannula.
Summary of the Invention

During laparoscopic surgery, suction may be applied to the end of the ¢cannula to remove tissue
debris and visual obstructions of the surgical field. Suction zlone is sometimes ineffective to
rapidly remove tissue debris such as blood clots as these clots can get trapped in the cannula,

particularly in a standard size cannula of 5 mm in diameter.

The description herein is directed to a device for laparoscopic surgery that facilitates removal of

bload clots and tissue debris.

The device is operable with a cannula of a standard axial length and an aperture for gaining
access 10 the surgical field of a standard diameter that is approximately 5 mm in diameter or

greater.

The device operably provides a cautery electrode, an archimedes screw and vacuum pressure at

the aperture, the conveyance-initiating end portion of the archimedes screw positioned behind
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the aperture to receive tissue debris introduced into the aperture by vacuum pressure inside
the cannula at the aperture. In one embodiment, this feature is integrated into a device
minimally comprising a body portion and a connector system associated with the body portion
for positioning the cannula, cautery electrode and archimedes screw at operable positions with
respect to the aperture. The device is operable with a control system including a controil
interface operable to disengage cautery and contemporaneously initiate suction and rotation of
the archimedes screw. The control system is also operable to implement cautery and
contemporaneously terminate suction. The cautery electrode may be linked to the archimedes
screw for rotation therewith. In this case, the control system is preferably operable to
contemporaneously implement cautery, terminate suction, and terminate rotation of the
archimedes screw, Contemporaneous termination of rotation is optionally just a default setting

so that the radial position of the cautery electrode can be optimally oriented.

Optionally, the control system includes an actuator operable between a treatment position in
which the cautery electrode tip is outside the aperture and a shielded position in which the
cautery electrode tip is axially withdrawn behind the perimeter of the aperture wherein, in use,
when the cautery electrode tip is in the shielded position, the conveyance-initiating end
portion of the archimedes screw is positioned behind the aperture to receive tissue debris

introduced into the aperture by vacuum pressure inside the cannula at the aperture.,

The device comprises a body portion that is connectable to a rod-shaped hoilow cannula of a

type sized for use in laparoscopic surgery. A cannula of this type typically has an interior wall
portion defining a hollow channel and a longitudinal cannula axis through the center of the
channel, a proximal end portion for connection to the body portion and a distal end portian
having an aperture through which at least one instrument, receivable within the cannula, is

exposable for treating a subject.

The device comprises a connector system including at least one connector. The connector

system is organized to provide connections for the cannula, a cautery electrode and an

archimedes screw to the body portion {directly or indirectly).
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The connector system aptionally includes a drive connection operable for drivably connecting a
drive mechanism to the archimedes screw {directly or indirectly), such that the drive

mechanism is operabie to rotate the archimedes screw instrument in at least one direction, the
at least one direction suitable for conveying material through the cannula towards the proximal

end portion of the cannula.

Optionally, the cautery electrode is operatively associated with the archimedes screw, for
example securely integrated into the core of the archimedes screw to form a combined
instrument (referred to herein as an “archimedes screw instrument”) or disposed within the

perimeter of the archimedes screw, for example in a central hollow axial through hole therein.

The archimedes screw instrument includes a proximal end portion for interfacing with the drive
mechanism, the proximal end portion operatively associated with a drivable element
(alternatively called a driven element e.g. a gear), a distal end portion and an intermediate
portion exteriorly defining an archimedes screw operable for conveying material through the
cannula towards the proximal end portion of the cannula, the intermediate portion including a
conveyance-initiating end-portion of the archimedes screw located relatively proximally to the
distal end portion of the archimedes screw instrument. A cautery electrode tip is exposed at the

distal end portion of the archimedes screw instrument.

The archimedes screw is connectable to a drive mechanism including a driving element via the
driven element. The term connector may be used to refer to the driven element. The driven

element provides a “connection” to the drive mechanism via the driving element e.g. a gear.

The drive mechanism, optionally a motor, is operable to rotate the archimedes screw
instrument in at least one direction, the at least one direction configured for conveying material

through the cannula towards the proximal end portion of the cannula.

The device is optionally configured to be operatively connected to a conduit system comprising

at least one conduit fluidically connected to the cannula. The at least one conduit serves to

directly or indirectly {in conjunction with other conduits) connect the cannula to a source of

vacuum pressure for applying suction to a surgical field via the distal end portion of the
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cannula. Optionally, the at least one conduit is housed within the body. The at least one conduit
may be directly connectable to the cannula outside the body portion of the device {the cannula
is not necessarily part of the device as sold). Where the at least one conduit is located in the
body portion of the device it may in turn be connected to male or female connector on the
body portion of the device (e.g. such as a nipple) so the body portion can be directly connected

via a length of conduit to a source of vacuum pressure {e.g. a wall suction port or suction

generator).

The source of vacuum pressure is fluidically connectable to a receptacle for receiving suctioned

material optionally via the conduit system.

Optionally, the source of vacuum pressure is accessed via a valve that is operably ¢connected to
at least one conduit, the valve operable between a first valve position for applying suction to
the surgical field via the distal end of the cannula and a second valve position for terminating

suction.

The device preferably includes at least one actuator, optionally a finger-operated actuator,
optionally an actuator in the form of slidable trigger, the actuator is operable for preventing the
cautery electrode from being operative when the source of vacuum pressure is engaged to
provide vacuum pressure at the distal end of the cannula. The actuator is preferably operable
to perform at [east one of the following functions: a) withdraw the cautery electrode tip from a
treatment position outside the cannula to a retracted position inside the cannula; b) switch off
the monopolar generator; and c¢) interrupt the electrical connection between the cautery
electrode and the monopolar generator. The actuator optionally also causes the archimedes

screw instrument to rotate in the at least one direction.

The device includes a control system operatively associated with the source of vacuum pressure

(e.g. the valve), the control system operable at least in part by the actuator, the actuator
optionally is operatively associated with a switch that is operable to at least initiate and

terminate suction, for example by operating the valve;
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In use, the control system is optionally configured to rotate the archimedes screw instrument in
the at least one direction, contemporaneously draw material to the conveyance-initiating end
portion of the archimedes screw via suction, prevent the cautery electrode from being
operative when the source of vacuum pressure is engaged e.g. by positioning the cautery
electrode tip inside the cannula (e.g. ﬁositionally behind the cannula aperture). In use, the
conveyance-initiating end portion of the archimedes screw is positioned to receive material

introduced into the aperture by suction.

According to one embodiment, the invention is directed to a device for performing laparoscopic
surgery, the device operable in conjunction with a source of vacuum pressure for conveying

tissue debris away from a surgical field, the device comprising:

A body portion operatively connectable to a rod-shaped cannula of a length and diameter sized
for use in a laparoscopic surgery, the cannula preferably of the type including an interior wall
portion defining a hollow channel and a longitudinal cannula axis, a proximal end portion for
connhection to the body portion and a distal end portion having an aperture through which at
least one instrument receivable within the cannula is exposable outside the aperture for

treating a subject, the linear distance between the proximal end portion of the ¢annula and the

aperture defining a reference axial distance;

A conhector system including at least one connector operatively associated with the body

portion, the at least one connector organized to provide a connection for the cannula to the

body portion and at least one second connection, the at least second connection operabie for
connecting a cautery electrode with respect to a monopolar generator and for drivably
connecting a drive mechanism to an archimedes screw such that the drive mechanism is
operable to rotate the archimedes screw instrument in at least one direction, the at least one

direction suitable for conveying material through the cannula towards the proximal end portion

of the cannula;

wherein the first connection and the at least one second connection are operably positioned at

pre-determined relative axial locations for respective connection to a cannula; and to a cautery
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electrode and archimedes screw of operative axial lengths with respect to the pre-determined
relative axial locations of the first connection and the at least one second connection and the
reference axial distance; such that a cautery electrode tip of the cautery electrode is
positionable outside a perimeter of the aperture of the cannula and a conveyance initiating
end-portion of the archimedes screw is disposable within the cannula for rotation therein at a
distance from the surgical field more. remaote from the surgical field than the cautery electrode
tip and at a distance from the aperture operable for conveyiﬁg tissue debris entering the

cannula via the aperture towards the proximal end portion of the cannula;

wherein the device is operable with a control system for initiating and terminating suction and
initiating and terminating cautery, the control system connectable to at least one of a source of
vacuum pressure and a valve operable to initiate and terminate suction via a source of vacuum
pressure, the control system operable in conjunction with a conduit system fluidicaily
connectable to the cannula and the source of vacuum pressure for applying suction to a surgical
field via the distal end portion of the cannula, the control system including at least one
actuator, the at least one actuator operatively connected to the cautery electrode for
implementing and disengaging cautery, the actuator operable between a first state for
preventing cautery during suction, and a second state in which the cautery electrode is
operable for cautery with the electrode tip exposed outside the aperture, the actuator operable

for at least one of:

(a) moving the cautery electrode tip axially within the cannula along an axis parallel to the
cannula axis, between a treatment position wherein at least a portion of the cautery electrode
tip is disposed for use outside the perimeter of the aperture and a shielded position in which

the cautery electrode tip withdrawn into the cannula inside the perimeter of the aperture;

(b) interrupting the electrical connection between the cautery electrode and the monopolar

generator;

(c} turning the monopolar generator off

wherein, in use:



CA 02899017 2015-07-31

the control system operable to draw tissue debris to the conveyance-initiating end portion of

the archimedes screw via suction when the cautery electrode is disengaged by the actuator.

The device optionally includes a drive mechanism. The drive mechanism is optionally a motor.
The power supply for the mator is optionally a battery. The battery is optionally rechargeable.

The motor is optionally housed within the body portion. The battery is optionally housed with

the body portion.

According to another embodiment, the description herein is directed to a device for performing
laparoscopic surgery, the device operable in conjunction with a source of vacuum pressure for

conveying tissue debris away from a surgical field, the device comprising:

A body portion operatively connectable to a rod-shaped cannula of a length and diameter sized
far use in a laparoscopic surgery, the cannula preferably of the type including an interior wall
nortion defining a hollow channel and a longitudinal cannula axis, a proximal end portion for
connection to the body portion and a distal end portion having an aperture through which at
least one instrument receivable within the cannula is exposable outside the aperture for
treating a subject, the linear distance between the proximal end portion of the cannula and the

aperture defining a reference axial distance;

A connector system including at least one connector operatively associated with the body
portion, the at least one connector organized to provide a connection for the cannula to the
body portion and at least one second connection, the at least second connection operable for
connecting a cautery electrode with respect to a monopolar generator and for drivably
connecting a drive mechanism to an archimedes screw such that the drive mechanism is
operable to rotate the archimedes screw instrument in at least one direction, the at least one
direction suitable for conveying material through the cannula towards the proximal end portion

of the cannul3;

wherein the first connection and the at least one second connection are operably positioned at

relative axial locations for respective connection to a cannula of a selected axial length, and to a
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cautery electrode and archimedes screw of operative axial lengths with respect to the relative

axial locations of the first connection and the at least one second connection and the reference
axial distance such that a cautery electrode tip of the cautery electrode is positionable outside
a perimeter of the aperture of the cénnula and a conveyance initiating end-partion of the
archimedes screw is disposable within the cannula for rotatiqn therein at a distance from the
surgical field more remote from the surgical field than the cautery electrode tip and at a
distance from the aperture operable for conveying tissue debris entering the cannula via the

aperture towards the proximal end portion of the cannula;

at least one actuator operatively connected to the cautery electrode for moving the cautery
electrode axially within the cannula along an axis parallel to the cannula axis, the actuator
operable between a treatment position in which at least a distal end portion of the cautery
electrode tip is disposed for use in the surgical field, outside the perimeter of the aperture, and
a shielded position in which the cautery electrode tip is axially withdrawn behind the perimeter

of the aperture:

wherein, in the shielded position, the conveyance-initiating end partion of the archimedes
screw is positioned behind the perimeter of the aperture and behind the cautery electrode tip
to receive tissue debris introduced into the aperture by vacuum pressure inside the cannula at

the aperture.

The device for performing laparoscopic surgery as described above optionally further comprises

any combination of the one ar more the elements and/or features described herein.
A few such further features are described immediately below.

Optionally, in the shielded position, the conveyance-initiating end portion of the archimedes
screw is positioned at a distance behind the perimeter of the aperture which is approximately
no greater than the axial distance required to move the portion of the cautery electrode tip
disposed outside the aperture when in the treatment position, into the shielded position.

Optionally, this distance is no greater than 4 to 5 mm.
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Optionally, the device further comprises a control system, the control system including a

control interface operable for at least initiating and terminating suction and initiating and
tarminating cautery (e.g. via turning the monopolar generator on and off or opening and closing
the circuit that connects the cautery electrode tip to the monopolar generator or bath), the
control system connectable to at least one of the source of vacuum pressure and a valve
operable to initiate and terminate suction in conjunction with the source of vacuum pressure,
the control system operable in conjunction with a conduit system fluidically connected to the
cannula and the source of vacuum pressure for applying suction to a surgical field via the distal
end portion of the cannula, the control system operable to draw material to the conveyance-
initiating end portion of the archimedes screw via suction when the cautery electrode in the

shielded position.

Optionally, the control system is operable to initiate suction only when the cautery electrode is

in the shielded position.
Optionally, the control system is operable to control a drive mechanism optionally a motor.

Optionally, the device further comprises a drive mechanism. The drive mechanism, optionally &
motor, may be provided as a separate module, for example a snap-on module, that is
configured for attachment to the body portion of the device. For example the device may have
an externally disposed drive connection interface that exposes a driven element adapted for
connection to a driving element on the module. The module may include a battery or the
module may be connectable to a separate power source. Optionally, the module may serve to

partially define a hand piece for ease of manipulation of the device.

Alternatively, the driving element may be provided via a cable interface that connects the

driving element to a more remotely located drive mechanism. The cable encloses an elongated

optionally flexible drive shaft.

Alternatively, in one embodiment described in detail below, the drive mechanism, preferably a

motor, is located in the body portion of the device.
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According to one embodiment, the description herein s directed to a device for performing
laparoscopic surgery, the device operable in conjunction with a source of vacuum pressure for

conveying tissue debris away from a surgical field, the device comprising:

A body portion operatively connected to a rod-shaped cannula of a length and diameter sized
for use in a laparoscopic surgery, thé cannula preferably of the type including an interior wall
portion defining a hollow channel and a longitudinal cannula axis, a proximal end portion for
connection to the body portion and a distal end portion having an aperture through which at
least one instrument feceivabl e within the cannula is exposable outside the aperture for
treating a subject, the linear distance between the proximal end portion of the cannula and the

aperture defining a reference axial distance;

An instrument disposed within the cannula, the instrument including a cautery electrode and

archimedes screw, the cautery electrode linked to the archimedes screw for rotation therewith;
A motor located in the body portion, the motor drivably connected to the instrument;

A connector system including at least one connector operatively associated with the body
portion, the at least one connector organized to provide a connection for the motor to a power
source and at least dne second connection, the at least second connection operable for
connecting a cautery electrode with respect to a monopolar generator and for drivably

connecting the motor to the instrument such that the motor is operable to rotate the

instrument in at least one direction, the at least one direction suitable for conveying material

through the cannula towards the proximal end portion of the cannula;

wherein the cautery electrode and the archimedes screw are of operative axial lengths with
respect to the axial position of the at least one second connection and the reference axial
distance such that a cautery electrode tip of the cautery electrode is positionable outside a
perimeter of the aperture of the cannula and a conveyance initiating end-portion of the
archimedes screw is disposable within the cannula for rotation therein at a distance from the

surgical field more remote from the surgical field than the cautery electrode tip and at a

10



CA 02899017 2015-07-31

distance from the aperture operable for conveying tissue debris entering the cannula via the

aperture towards the proximal end portion of the cannula;

a control system including a control interface for initiating and terminating suction, initiating
and terminating rotation of the instrument, and initiating and terminating cautery, the control
system connectable to the motor and to at least one of a source of vacuum pressure and 3
valve operable to initiate and terminate suction via a source of vacuum pressure, the control
system operable in conjunction with a conduit system fluidically connectable to the cannula
and the source of vacuum pressure for applying suction to a surgical field via the distal end
portion of the cannula, the control system including at least one actuator, the at least one
actuator operatively connected to the instrument for implementing and terminating cautery,
the actuator operable at least between first state for preventing cautery during suction and a
second state in which the cautery electrode is operable for cautery with the electrode tip

exposed outside the aperture, the actuator operable for at least one of:

(a) moving the cautery electrode tip axially within the cannula along an axis parallel to the

cannula axis, between a treatment position wherein at least a portion of the cautery electrode
tip is disposed for use outside the perimeter of the aperture and a shielded position in which

the cautery electrode tip withdrawn into the cannula inside the perimeter of the aperfure;

(b) interrupting the electrical connection between the cautery electrode and the monopolar

generator;
(¢) turning the monopolar generator off
and wherein, in use:

the contral system operable to draw tissue debris to the conveyance-initiating end portion of

the archimedes screw via suction when cautery is terminated by the actuator.

The device for performing laparoscopic surgery as described above optionally further comprises

any combination of the one or more the elements and/or features described herein.

11
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A few such further features are described immediately below,

With respect to the embodiments described herein including a control system, it is to be
appreciated that a device operably supporting a cautery electrode, an archimedes screw and a
cannula for use as broadly described herein, may .be operative with an external control system
and may therefore be sold independently of the external control system. An actuator for
moving the cautery electrode between a treatment position and a shielded position is
preferably operatively associated with the body of the device however other elements of the

control interface may be provide on a separate control device as contemplated hereinbelow.

In the immediately ensuing paragraphs, the description herein is now directed t¢ various
aspects of a control device for use with a device operably supbc’rting a cautery electrode, an

archimedes screw and a cannula for use as described herein.

In one aspect, a device comprising a control interface external to the body portion is provided
for use with a laparoscopic device as defined above, The control interface may be embaodied in

a separate foot-operated or hand operated control device comprising one or more controls. A
hand operated control interface may be partially presented in select aspects on a monitor for
example a monitor used by a surgeon to visualize the laparoscopic procedure, for example a
control that is usable after the instrument is ideally positioned as determined from the monitor.
A control interface may include remotely control components including wirelessly operated and

voice activated components.

The control system may include at least ane control e.g. a switch for controlling a motor and at
least one of: a source of vacuum pressure and a valve operable in conjunction with a source of
vacuum pressure. A control device implementing a remotely located control system optionally
includes a control (e.g. a physical switch) for controlling a connection from a monopolar
generator to the cautery electrode. The device is optionally configured to provide an irrigation
system (a connection for connecting a conduit carrying irrigation fluid to the cannula) and the
control system accordingly includes a means for initiating and terminating irrigation. In ane

embodiment described in greatest detail below, the control system includes at least one finger

12
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operated control disposed on the device for operation by a user, for example the actuator

described above and in detail below.

In one embodiment, a control system including a control interface is operable for at least
initiating and terminating suction, initiating and terminating cautery and initiating and
terminating operation of the drive mechanism, preferably a motor. The control system
preferably contemporaneously initiates suction and rotation of the arbhimedes screw in the at
least one direction. The cantrol system is preferably operable to initiate suction and rotation of
the archimedes screw only when the éautery is deactivated, for example when the cautery
electrode tip of the cautery electrode is in a shielded position. The control system is optionally
operable to move the cautery electrode tip into the shielded position and to
contemporaneously initiate suction and rotation of the archimedes screw. The control system
is optionally operable to additionally contemporaneously disconnect power to the cautery

electrade.

We describe, according to one aspect, a control mechanism including a control interface
comprising means for contemporaneously initiating suction and initiating ratation of the

archimedes sCraw.

We describe, according to one aspect, a control mechanism including a control interface
comprising means for contemporaneously initiating suction, initiating rotation of the

archimedes screw in the at least one direction and terminating an electrical connection to the

cautery electrode.

The term “means” include a finger or foot operated switch or actuator and relatad

components/circuitry. The term “means” also Include a user interface on a screen,

As discussed above, the afore-described mechanisms may be embodied in a separate control

device.

Wae describe, according to one aspect, a control mechanism including a control interface

camprising means for contemporanecusly - moving the cautery elactrode tip of the cautery

electrode from a treatment positibn to a shielded position, initiating suction, initiating rotation

13
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of the archimedes screw and optionally terminating an electrical connection from a monopolar
generator to the cautery electrode. We describe a control mechanism comprising a finger-
operated actuator disposed on the body of the device that is operable as described. We
describe means for initiating and terminating irrigation, optionally via a dedicated finger

operated control e.g. a switch.

According to one aspect, we describe a control device operable to implement a control system

as described herein.

The control device optionally includes a control interface and optionally includes means for
initiating and terminating suction, initiating and terminating rotation of a motor in the at least
one direction and initiating and terminating cautery. The device comprises or is connectable to
at least one of the source of vacuum pressure and a valve operable to initiate and terminate
suction in conjunction with the source of vacuum pressure. The device is operable in
conjunction with a conduit system fluidically connected to the cannula and the source of
vacuum preséure for applying suction to a surgical field via the distal end portion of the
cannula. The conduit system optionally comprises a conduit portion that is directly fluidically
connectable to the cannula, for example to a nipple located on a proximal end of the cannula
outside the body portion of the device. Alternatively, the conduit systam comprises a conduit
portion that is fluidically connectable to the cannula via a connection on the body portion of
the device. The control system is operable to draw material to the conveyance-initiating end

portion of the archimedes screw via suction when the cautery electrode in the shielded

position. The device is preferably operable to contemporaneously initiate suction and rotation
of the archimedes screw in the at least one direction. The device is preferably operable to
initiate suction and rotation of the archimedes screw only when the cautery electrode tip of the
cautery electrode is in a shielded position. The control system is optionally operable to

additionally contemporaneously disconnect power to the cautery electrode.

The disclosure herein contemplates that a cautery electrode is a device adapted to generate

tissue debris that at least partially controls the size of components of the tissue debris such that

14
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the combination of an archimedes screw and suction improve the ability to remaove the debris

through a cannula.

It may be appreciated from the disclosure herein that the control system is simplified when a
single control {e.g. an actuator optionally embodied as finger operated trigger) is used to
perform multiple functions that are generally intended to be performed contemporaneously.
Accordingly these functions may be grouped to be initiated via a single control. The operations
include deactivating cautery, optionally by withdrawing the cautery electrode tip in a shielded
position and/or disconnecting power to the cautery electrode, initiating suction and initiating
rotation of the archimedes screw in the at least one direction. It may be appreciated that the
same or different control elements may be used to terminate functions that are designated to
be implemented when cautery is deactivated and restore cautery depending on whether they
are to be performed as a group. For example, activating cautery by moving the cautery
electrode tip into a treatment position might be invariably coupled to turning suction off
narticularly if the electrical connection to the cautery electrode is restored. Activating cautery
by moving the cautery electrode tip into a treatment position might not be invariably restoring
the electrical connection and terminating rotation if as described below it is desirable to rotate
the cautery electrode together with the archimedes screw to re-orient the position of the
cautery electrode tip. Many permutations of the various functions that may be grouped and
ungrouped will be apparent to those skilled in the art upon reading the disclosure herein and

the description herein contemplates permutations that are not expressly disclosed.

The immaediately ensuing description herein is now addressed to various embodiments of
instruments that provide for the ability to generate debris and safely remove the debris without
clogging a cannula so that device can used by a surgeon for a prolonged period without removal

by reason of clogging.

The description herein contemplates that the cautery electrode is receivable in a hollow axial

channel in the archimedes screw and movable axially thergin. The axial position of the
archimedes screw is optionally fixed and unchangeable when the cautery electrode is moved

from the treatment position into the shielded position. Thus the portion of the cautery

15
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electrode tip most proximal to the surgical field (in the case of an L hook the portion of the
hook that extends perpendicularly to cannula axis i.e. radially across the diameter of the
canhula), is positionable more closely to the distal end of the screw. Thus when the cautery
electrode tip is positioned behind the perimeter of the aperture of the cannula in the shielded
positon, the partion of the vane that defines the end of the screw is unchanged and maintains a
position sufficiently proximal to the aperture to receive tissue debris introduced into the

aperture by vacuum pressure inside the cannula at the aperture.

Thé radial orientation of the optional slot is optionally orthogonal to the plane defined by the

portion of the vane that defines the end of the screw.

In one embodiment, described in detail below, the axial positions of the conveyance-initiating
portion of the archimedes screw and cautery electrode tip cannot be changed by the actuator
independently of one another, for example, if the cautery electrode is immovably encased in

the core of the archimedes screw. In this embodiment, the conveyance-initiating portion of the

archimedes screw is axially withdrawn together with the cautery electrode when the combined
instrument is axially retracted into the shielded position. In the shielded position, the vane that

defines the end of the screw becomes re-positioned further behind the perimeter of the

aperture.

Optionally, in an enhanced embodiment of the combined instrument the vane that defines the

end of the screw is positioned as closely as possible to the axially most distal end the cautery

electrode tip.

Optionally, the first connection and the at least one second connection are operable for
respective connection at selected relative axial positions that accommodate a ¢cannula of a
selected axial length, and a combined instrument of a corresponding relative length that
minimizes the distance between the most distal end the cautery electrode tip and the
perimeter of the aperture in the treatment position. As described below, the linear axial travel
distance of the actuator between the treatment position and the shielded position is optionally

configured accordingly.
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Brief Description of the Drawings

Figure 1 is a front perspective view of a device according to one embodiment of the invention

shown coupled to accessory device components.

Figure 2 is a cross-sectional side perspective view of the body of the device with accessory

components attached according to the embodiment shown in Figure 1.

Figure 3 is a cross-sectional side elevation of the body of the device with accessory components
attached according to the embodiment shown in Figure 1, showing the actuator in a forward

treatment position.

Figure 4 is a cross-sectional side elevation of the body of the device with accessory components
attached according to the embodiment shown in Figure 1 showing the actuator in a retracted

position.

Figure 5 is a flow chart summarizing how the control system manages the various functions of

the device when an actuator is engaged to retract the cautery electrode.

Figure 6 is a flow chart summarizing how the control system manages the various functions of

the device when an actuator is disengaged to re-position the cautery electrode for cautery

functions.

Figure 7 is a schematic diagram showing key external and internal connections of components

of the device.

Figure 8 is a schematic diagram showing an alternative scheme for connecting irrigation and
suction conduits to the cannula for use with a rotating archimedes screw instrument having an

embedded cautery electrode.

Figure 9 is a diagram showing an optional connection interface for a combined cautery

electrode and archimedes screw.

Detailed Description of Preferred Embodiment
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The device provides provides connections to the cannula, cautery electrode, the archimedes

SCrew.

The term “connection” particularly when used to refer to the connector system e.g. for
connecting accessory device components directly or indirectly to the body portion, in particular
cannula 3, cautery electrode 11 and archimedes screw 13, is used to mean a functional
interface suitable for any single or any combination of functions requiring contact including
holding or supporting a device component, positioning the device component, contacting the
device component (e.g. electrically), interfacing with the device component for a function other
than specified e.g. for drivably operating a device component (driving or being driven by). In
principle, a plurality of functions may be achieved by a single connection e.g. holding and
positioning, holding and electrically contacting, etc. In principle, a single connector may provide
a plurality of interfaces and/or accomplish a variety of functions. The description herein
contemplates the optional use of rotating electrical connectors, rotating fluid connectors etc. In
principle, a rotating electrical connector may be configured to be driven {e.g. if operably linked
to a driven element) so that in principle it could perform the functions of electrically contacting,
being driven by, driving something else {an archimedes screw instrument), positioning and

supporting.

“Connection” to the body portion means to any or more of (any permutation) the body portion
itself, to a structure operably located within the body portion, or to a structure attached to the

body portion. Similarly, a connection to the archimedes screw means to any one or more of
(any permutation) the archimedes screw itself, a structure operably located within the
archimedes screw, a structure attached to the archimedes screw, etc. In general, the terms
“connect to” and “connection to” and related terms are broadly construed as being of a type

that is direct or indirect with the proviso only that the requisite function of the interface is

directly or indirectly accomplished.

As described below, the cautery electrode 11 and archimedes screw 13 are optionally
combined in to a single instrument 18. This combined instrument is optionally “held”

(supported) at one interface or point of connection, electrically connected at a second interface

18



CA 02899017 2015-07-31

or point of connection, and rotated at a third interface or point of connection. A connection or
interface may be performing any combination of these functions. All of these types of interface
are individually referred to herein using the term “¢onnection” or similar and related terms e.g.
“connect”, “link” and “interface”. The term “archimedes screw instrument” is used to réfer to
an instrument having exterior vanes configured as a screw that is connected fo a cautery
electrade for rotation therewith. The term archimedes screw is used more broadly to refer to
an instrument that is not defined by whether or not it is connected for rotation with the
cautery electrode, the instrument having an elongated structure of a selected length having an
exterior surface defining an archimedes screw over at least a portion of its length. An
archimedes screw has a proximal end portion remotely positioned from the surgical field and
distal end portion defining a conveyance-initiating end portion of the screw. The screw

optionally comprises a hollow channel for receiving a cautery electrode.

The phrase “inside the perimeter”, used with reference to an aperture at the end of the

cannula through which an instrument is exposed, means in a position behind the mouth of the

aperture.

The term “cautery electrode tip” means that portion of the cautery electrode intended for
contact with the tissue of a patient, that is not encased in a sheath. As mentioned below, in one
embodiment, the sheath is optionally made of the same material as the archimedes screw and
the cautery electrode is optionally encased within the core of the screw. The cautery electrode

and archimedes screw optionally rotate together. In a preferred embodiment, the linear axial
distance (along an axis parallel to the axis of the cannula) between the end of the sheath and
the most distal end of the cautery electrode tip is kept small 50 that the conveyance-initiating
end of the archimedes screw (the most distal portion of the external vane defining the screw)
can be formed onto or connected to sheath of the cautery electrode. This in turn keeps the

distance between the conveyance-initiating end of the archimedes serew and the periphery of

the aperture small when the screw is axially retracted so that tissue debris has a short travel
distance under the influence of suction alone before the screw participates in conveyance of

the debris.
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The connector system organized to provide relative locations of connection for connection of
the cannula, a cautery electrode and an archimedes screw to the body portion. The connector
system includes a drive connection interface operable for drivably connecting a drive
mechanism to an archimedes screw instrument when disposed within the cannula. The
connector system includes an electrode connection interface for connecting a monopolar
generator to the cautery electrode. The connector system preferably provides for pre-
determined relative positioning of the drive connection interface, electrode connection
interface and cannula. The connector system opt'ionally provides for a separately manufactured
cannula to be attached to the body portion. Where the device is sold without a pre-attached
cannula the connector system is configured to allow the cannula to be securely connected to
the body portion, optionally in a removable fashion, for example using a disengageable locking

system of variable type, an example of which is described below.

As seen in Figure 1, according to one embodiment, device 10 includes a body portion 1 that is
shaped in the form of a hand piece suitable for laparoscopic surgery. A cannula 3 (shown
partially broken away) is connected to the body portion 1 via a proximal end portion of the
cannula 7. A cautery electrode tip 11a may be exposed via an aperture 9 located in a distal end

portion 5 of cannula 3.

The body portion 1 includes a connection interface to an external source of suction (not shown)
which is optionally implemented via a conduit 4. A conduit connection port may be provided on
or within the body portion. For example, conduit 4 is optionally connected at one end to a

nipple {not shown) on the body portion 1 and at the other end to an aspiration port located in a

wall of a surgical suite (not shown).

The body portion 1 optionally includes a connection interface to an external source of irrigation

fluid (not shown) which is implemented via a conduit 6. A conduit connection port for conduit 6
may be provided on or within the body portion. For example, conduit 6 is optionally connected
at one end thereof 1o a nipple an the bady portion (not shown) and at the other end to an
irrigation pump associated with an irrigation fluid reservoir (not shown). Irrigation is initiated

with finger operated switch 14.

20



CA 02899017 2015-07-31

As seen in Figure 1, the body portion 1 includes a connection interface for connecting device
10, via wire 8, to a monopolar generator, the monopolar generator operable to supply power to
cautery electrode 11. A power supply cable 36 may be provided to ¢harge a battery housed

within body portion 1, as described with reference to Figure 2.

The cannula 3 is preferably non-conductive and may be made of plastic. Optionally, the cannula
3 is transparent. A transparent cannula may be made of a variety of materials, for example,

polyvinyl chloride or acrylic.

The archimedes screw instrument 18 is disposed in cannula 3-by a connector system described

in more detail below.

Archimedeﬁ screw instrument 18 comprises an archimedes screw portion 13 and a cautery
electrode portion 11. The plastic sheath 13d encasing the cautery electrode 11 is construcfed to
provide an external vane 13a that defines the operative interface of the archimedes screw 13.
The archimedes screw 13 includes a conveyance-initiating portion 13b and proximal end
portion 13c. Optionally, the cautery electrode tip 11ais an L-hook that lies in a plane that this is
generally aligned with a plane defined by the leading edge of the conveyance-initiating portion
13b of the screw 50 as bétter accommodate uptake of debris by the conveyance-initiating

portion 13b of the archimedes screw 13.

As seen in Figure 1, an actuator 29 extends from the body portion 1. Actuator 29 may be a
finger-operated switch, trigger or lever. The actuator is optionally operatively connected to a
locking mechanism, for example, in the form of locking element 31 which can be accessed by a
user’'s thumb or index finger from both sides of the body portion 1, thereby accommodating

both right and left-handed use.

As will now be described with reference to Figure 2, actuator 29 is operatively connected to

valve 12 and motor 21, for contemporaneously initlating suction and rotation of the archimedes
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screw, respectively, and to the cautery electrode 11, for interrupting its electrical connection

(turning the electrode “off”).

Optionally, the actuator is a mechanical trigger 29 that is connected to and retracts the cautery
electrode and contemporaneously engages switch 19. In the embodiment shown in the Figures,
the actuator 29 is a finger-operated trigger 29. Trigger 29 is operatively connected to the
structure encasing the cautery electrode 11 via a linkage interface 50, so that the exposed
cautery electrode tip 11a may be withdrawn into a shielded position within an interior
perimeter of cannula 3, optionally a retracted position within the lumen of cannula 3 via
aperture 9, when suction is applied to the surgical field as described hereafter with reference to
Figure 4. This feature is desirable for patient safety so that the negative pressure created by
suction does not inadvertently draw the cautery electrode into contact with tissue and cause

tissue damage.

The cautery electrode 11 is commonly shielded in a plastic sheath 11b. Cautery electrode 11 be
may a separate instrument that is slidably receivable in a langitudinal channel {embodiment not
illustrated) in the archimedes screw 13. In the embodiment illustrated in the Figures,
archimedes screw instrument 18 integrates the structures of the cautery electrode 11 and the

archimedes screw 13 and therefore sheath 11b corresponds to sheath 13d.

An insulating sheath is provided on parts of the electrode housed within the body. Thus
interfacing parts such as the linkage interface 50, gear 52 and switch 19 may be conductive or

may be non-conductive e.g. these interfacing parts may be made of plastic.

As seen in Figure 2, actuator 29 is a short rod that is mounted for slidable movement within slot

30 and positioned to be retracted with an index finger. The actuator 29 is biased to occupy a
forward position by compression spring 80 which corresponds with a “treatment position” or

“second position” of the cautery electrode 11.
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Disengageable {ocking element 31, embodied in form of an irregularly shaped plate locks the
actuator 29 in a retracted (rearward) position when the actuator 29 is pulled back with an index
finger. Locking element 31 includes a slot 31a that allows the actuator 29 to slide forward.,
Locking element 31 is spring-biased (spring 31b) to occupy a locking position which moves the
slot 31a out of alignment with the actuator 29 so as to prevent actuator 29 from returning to a
forward position via slot 31a unless the user urges the locking element laterally to overcome
the spring bias. This realigns the actuator 29 with slot 31a. Releasing actuator 31 allows the

switch 19 is able to re-occupy an “off” position, as described in more detail hereafter.

It will be appreciated that an actuator in the form of a trigger could be used to rotate the
archimedes screw without a motor for example, using a spiral drive system { type of mechanism
used in yankee screw driver) for converting linear displacement of the trigger into rotation of
the archimedes screw in a single desired direction. For example, a first portion of the trigger
travel distance could be used to withdraw the cautery electrode (and engage the lock
mechanism) and a second portion to rotate the archimedes screw uni-directionally so that
repeated pulls on the trigger continuously advance the movement of tissue debris. In this case,

the placement or operation of switch 19 would be organized accordingly.

Actuator 29 is operatively linked to switch 19 albeit indirectly. Switch 19 is optionally of type
operable to tripped mechanically by depressing the switch (other options magnetically,
electronically etc.). For example, switch 19 is positioned to be mechanically engaged by an end
portion of the archimedes screw instrument 18. Mechanical activation of switch 19 may
alternately be accomplished by providing any sort of switch abutting interface on the actuator,
an the cautery electrode or on a plastic sheath encasing the cautery electrode, such that the
interface is re-positioned to operatively contact the switch (for example a lever or push button
type switch). In the embodiment shown in the Figures, as best seen in Figure 4, rearwards
displacement of the back end of archimedes screw instrument 18 exposes the back end of
cautery electrode 11¢c which emerges from aperture 352 in rotating connector 35 to engage

switch 19.
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Switch 19 is in turn operatively connected to a solenoid valve 12 {e.g. a valve from STC 2P025
Serias) and motor 21 for both initiating suction and rotation of the archimedes screw
respectively, and is optionally connected to the cautery electrode electric circuit, as well, for
interim interruption of its electrical connection to the monopolar generator 8. Motor 21
includes a drive shaft 21a which is connected to gear 53. Gear 53 operatively engages and
drives a driven element in the form of gear 52 to convert rotation of the drive shaft 21a about
its axis into rotation of gear 52 about an orthogonal axis. Suitable motors with compatible
gearbox kits are readily available from a variety of sources {optional specification: 1.5-4.5v:
1125:1 ratio, 3mm shaft). The motor preferably operates efficiently at low voltages; motor

output may optionally be 1430 RPM at 0.5VDC and 4500RPM at 1.5VDC.

The motor may be a variable speed motor. The RPM of the motor 12 may be reduced with a

potentiometer.

It will be readily appreciated that actuator 29 may serve to trip an appropriately connected
switch in a variety of different ways to allow for contemporaneous initiation of suction and

rotation of the archimedes screw instrument.

In the embodiment of the device shown in Figures, the cautery electrode 11 and archimedes
screw 13 rotate together are these parts are integrated into one instrument 18. A rotating

electrical connector 35, optionally a slip ring, maintains the electrical connection to the

monopolar generator when the archimedes screw rotates. When actuator’s 29 is finger-
actuated to withdraw the cautery electrode tip 11a into cannula 3, the end of the instrument
engages switch 19 to turn the switch into an “on” position — namely a position in which it opens
a normally closed solenoid valve and optionally initiates (if rotation is accomplished with a
motor) rotation. It will be appreciated that switch 19 may alternatively turn on a suction
generating device (as opposed to operating a solenoid valve for initiating suction from a pre-

existing source of suction pressure).
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As seen in Figure 2, according to one embodiment of the invention, suction and irrigation are
implemented via internal conduit portions 23 and 389, respectively, located within the body
portion 1. Solenoid valve 12 is interposed between conduit portion 23 and conduit portion 25,
Solenoid valve 12 is operable between a normally closed (NC) position to block wall suction and
an open position to access wall suction. Conduit portion 25 is connected to the rotating

connector 44 which is in turn fluidly connected to the open proximal portion 7 of cannula 3.

In the parallel irrigation circuit, solenoid valve 16 is interposed between conduit portion 39 and
conduit portion 27. Solenoid valve 16 is operable between a normally closed position to
prevent irrigation and an open position to effect irrigation. Conduit portion 27 is connected to

the rotating connector 44 which is in turn connected to the open proximal portion 7 of cannula

3.

As seen in Figure 2, the rotating connector 44 comprises a first portion 44a for receiving
conduits 25 and 27. Portion 44a thus provides a stationary interface to connect suction and
irrigation conduits respectively to the rotating connector. Portion 44a of the rotating connector
44 is sealingly connected for relative rotation to rotating portion 44b which rotates together
with electrode 11. Rotating portion 44h is fluidly connected to the cannula. Electrode 11 is
sealingly linked to portion 44b by a sealably mating interface including o-ring 44¢ and portions
443 and 44b are sealingly connected to one another by a sealingly mating interface including o-
ring 44d so that fluid entering or leaving conduits 25 and 27 can flow backwards through this
interface from rotating connector portion 44a into portion 44b and then into the cannula 3,

Rotating connectors of this type are commonly used in a variety of applications.

it will be appreciated that a rotating connector is optional. For example, suction can be effected
via a first connection port to the cannula 3 and irrigation effected via a second ¢onnection port
to cannula 3, and cautery/rotation via a third connection axially aligned with the longitudinal
axis of cannula 3, the connections for suction and irrigation bositioned downstream (distally)

relative the proximal open end of the cannula 3. Alternatively, all three individual connections

can share a surface of a commaon manifold.
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Alternatively, the connector to the cannula 3 for both irrigation and cautery can effected by an

axially aligned rotating connector {for example a rotating connector of a type available from
Deublin Company) and the connection to suction may located downstream from the proximal

open end of cannula 3 as illustrated schematically in Figure 8. In this schema, irrigation fluid

flows around a rotating cautery electrode. Cautery is turned off when irrigation is used.

As seen in Figure 5, when the actuator is retracted or pulled back the cautery electrode is
retracted and is optionally normally turned off. The cautery electrode may assist in breaking up
larger fragments of tissue debris and the control system is optionally configured so that the
cautery electrode can be turned “on” when the cautery electrode is a retracted position. This
action preferably precludes irrigation from being turned on. As described above with reference
to Figure 4, when the trigger is a retracted position the back end of the cautery electrode
physically contacts switch 19 to turn suction on and the motor on. In this manner, the

combined effects of suction and conveyance cooperate to reduce the likelihood of tissue debris

clogging the cannula 3. This is espeacially useful for narrow diameter e.g. 5 mm cannulae.

As seen in Figure 6, release of the trigger re-exposes and turns on the cautery electrode. The
control system may accommodate the motor being turned “on” while the cautery electrode is
on to rotate and re-orient the cautery electrode tip. QOptionally, the motor 21 and control
system provide for motor speed control (see Figure 7) so that a slower rotation speed can be
used to re-orientate the cautery electrode tip 11a. At least one faster speed may be provided
for debris remaoval. The control system is normally configured to turn the electrode off if the
irrigation switch is activated by the user. Accordingly, irrigation option A and cautery option B

are depicted and described as mutually exclusive alternatives.

The disclosure herein contemplates that the device may be entirely disposable to obviate the
cost and effort associated with sterilization of reusable surgical instruments and devices. Such a
device may be sold fully assembled so that the connection of these parts to the body portion
may be of any type that is secure including adhesive connections that are permanent {i.e.
functionally permanent). Alternatively, a fully disposable device may be sold with one or more

of the cannula, cautery electrode and archimedes screw disconnected. These device
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components can be connected by the user with a form of connection that is either functionally

permanent or disconnectable, for example a locking connection. The term locking connection is
used to refer to a connection that can be made secure without using an external component
such as an adhesive 'to provide for the secure connection e.g. where one part snaps into
another. A disconnectable locking cannection might damage the connecting parts, particularly
the parts that are intended to be reusable and hence is not tonsidered reusable i,e. designed to

be reconnected.

One example of a reusable connector that may be used for connecting an archimedes screw
instrument with respect to the body portion is shown in Figure 9. In Figure 9, the archimedes
screw instrument comprises a first instrument portion 11b, which is optionaily fully located
outside the cannula in the bady of device. The first instrument portion 11b is connectable via a
female threaded portion 11f to a second instrument portion 11d positioned within the cannula
3 via a corresponding male threaded portion 11le. A cautery electrode that is mounted on the
device separately from the archimedes may be analogously provided with a male end for
connection to a second portion of the electrode that is operatively connected to the body of

the device.

With reference to an instrument, namely a cautery electrode, an archimedes screw or a
combined archimedes screw electrode instrument, devices as described herein are to be
understood as optionally further comprising proximally positioned portions of the instrument
pre-connected to parts of the connector system and distally positioned portions of the
instrument that are connectable to the proximally positioned partions. The proxirmally
positioned portions are portions of the instrument that at least partially located within the
body of the device. These may be pre-connected to at least one of a drive interface, an
electrical connector, a connector operable for connection to the actuator etc. The distally
positioned paortions may be entirely located outside the body of the device and may connect to
proximally positioned portions that extend outside the body of the device. Logistical constraints

related to diameters and obstacles (e.g. the implementation of rotating fluid connector) may
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dictate that the proximally positioned portions of the instrument cannot extend into the body

and therefore must be connected distally beyond the body-cannula interface.

The cannula 3 may come attached to body portion. It may also be separate and connectable to

the body in a variety of ways e.g. via a standard push-to-cannect fitting (also known as an

instant fitting).
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we claim:

1. An device for performing laparoscopic surgery, the device operable in conjunction with a
source of vacuum pressure for conveying tissue debris away from a surgical field, the device

comprising:

A body portion operatively connectable to a rod-shaped cannula of a length and diameter sized
for use in a laparoscopic surgery, the cannula preferably of the type including an interior wall
portion defining a hollow channel and a longitudinal cannula axis, a proximal end portion for
connection to the body portion and a distal end portion having an aperture through which at
least one instrument receivable within the cannula is exposable outside the aperture for
treating a subject, the linear distance between the proximal end portion of the cannula and the

aperture defining a reference axial distance;

A connector system including at least one connector operatively associated with the body
portion, the at least one connector organized to provide a connection for the cannula to the
body portion and at least one second connection, the at least second connection operable tfor
connecting a cautery electrode with respect to a monopolar generator and for drivably
connecting a drive mechanism to an archimedes screw such that the drive mechanism is
operable to rotate the archimedes screw instrument in at least one direction, the at least one

direction suitable for conveying material through the cannula towards the proximal end portion

of the cannula;

wherein the first connection and the at least one second connection are aperably positioned at
pre-determined relative axial locations for respective connection to the cannula and to the

cautery electrode and the archimedes screw, the cautery electrode and the archimedes screw
of operative axial lengths with respect to the pre-determined relative axial locations of the first
connection and the at least one second connection and the reference axial distance such that a
cautery electrode tip of the cautery electrode is positionable outside & perimeter of the

aperture of the cannula and a conveyance initiating end-portion of the archimedes screw is
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disposable within the cannula for rotation therein at a distance from the surgical field more

remote from the surgical field than the cautery electrode tip and at a distance from the
aperture operable for conveying tissue debris entering the cannula via the aperture towards

the proximal end portion of the cannula;

wherein the device is operable with a control system for initiating and terminating suction and
initiating and terminating cautery, the control system connectable to at [east one of a source of
vacuum pressure and a valve operable to initiate and terminate suction via a source of vacuurn
pressure, the control system operable in conjunction with a conduit system fluidically
connectable to the cannula and the source of vacuum pressure for applying suction to a surgical
field via the distal end portion of the cannula, the control system includin‘g at least one
actuator, the at least one actuator operatively connected to the cautery electrode for
implementing and disengaging cautery, the actuator operable between a first state for
preventing cautery during suction, and a second state in which the cautery electrode is
operable for cautery with the electrode tip exposed outside the aperture, the actuator operable

for at least one of:

(a) moving the cautery electrade tip axially within the cannula along an axis parallel to the

cannula axis, between a treatment position wherein at least a portion of the cautery electrode
tip is disposed for use outside the perimeter of the aperture and a shielded position in which

the cautery electrode tip withdrawn into the cannula inside the perimeter of the aperture;

(b) interrupting the electrical connection between the cautery electrode and the monopolar

generator,;
{c) turning the monopolar generator ott

and wherein, in use;

the control system operable to draw tissue debris to the conveyance-initiating end portion of

the archimedes screw via suction when the cautery electrode is disengaged by the actuator.
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2. A device for performing laparoscopic surgery, the device operable in conjunction with a
source of vacuum pressure for conveying tissue debris away from a surgical field, the device

comprising:

A body portion aperatively connectable to a rod-shaped cannula of a length and diameter sized
for use in a laparoscopic surgery, the cannula preferably of the type including an interior wall
portion defining a hollow channel and a longitudinal cannula axis, a proximal end portion for
connection to the body portion and a distal end portion having an aperture through which at

least one instrument receivable within the cannula is exposable outside the aperture for
treating a subject, the linear distance between the proximal end portion of the cannula and the

aperture defining a reference axial distance;

A connector system including at least one connector operatively associated with the body
portion, the at least ane connector organized to provide a connection for the cannula to the
hody portion and at least one second connection, the at least second connection operable for
connecting a cautery electrode with respect to a monopolar generator and for drivably
connecting a drive mechanism to an archimedes screw such that the drive mechanism is
operable to rotate the archimedes screw instrument in at least one direction, the at least one
direction suitable for conveying material through the cannula towards the proximal end portion

of the cannula;

wherein the first connection and the at least one second connection are operably positioned at
relative axial locations for respective connection to a ¢cannula of a selected axial length, and to a
cautery electrode and archimedes screw of operative axial lengths with respect to the relative
axial locations of the first connection and the at least one second connection and the reference
axial distance such that a cautery electrode tip of the cautery electrode is positionable outside
a perimeter of the aperture of the cannula and a conveyance initiating end-portion of the
archimedes screw is disposable within the cannula for rotation therein at a distance from the

surgical field more remote from the surgical field than the cautery electrode tip and at a
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distance from the aperture operable for conveying tissue debris entering the cannula via the

aperture towards the proximal end portion of the cannulg;

at least one actuator operatively connected to the cautery electrode for moving the cautery
electrode axially within the cannula along an axis parallel to the cannula axis, the actuator
operable hetween a treatment position in which at least a distal 'end portion of the cautery
electrode tip is disposed for use in the surgical field, outside the perimeter of the aperture, and
a shielded position in which the cautery electrode tip is axially withdrawn behind the perimeter

of the aperture:

wherein, in the shielded position, the conveyance-initiating end portion of the archimedes
screw is positioned behind the perimeter of the aperture and behind the cautery electrade tip
to receive tissue debris introduced into the aperture by vacuum prassure inside the capnula at

the aperture.

3. The device as claimed in claim 2, wherein, in the shielded position, the conveyance-initiating
end portion of the archimedes screw is positioned at a distance behind the perimeter of the
aperture which is approximately no greater than the axial distance required to move the
portion of the cautery electrode tip disposed outside the aperture when in the treatment

position, into the shielded position.

4, The device as claimed in any one of claims 2 and 3, further comprising a control system

including a control interface operable for at [east initiating and terminating suction and

initiating and terminating cautery, the control system connectable to at least one of the source
of vacuum pressure and a valve operable to initiate and terminate suction in conjunction with
the source of vacuum pressure, the control system operable in conjunction with a conduit
system fluidically connected to the cannula and the source of vacuum pressure for applying
suction to a surgical field via the distal end portion of the cannula such that the control system
operable to draw material to the conveyance-initiating end portion of the archimedes screw via

suction when the cautery electrode in the shielded position.

5. A device as claimed in any one of claims 1 to 4, further comprising a drive mechanism.
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6. A device as claimed in claim 4, wherein the drive mechanism is 2 motor,

7. A device as claimed in any one of claims 1to 6, further comprising at least one valve operable
by the control system between a first position for initiating suction in conjunction with the

source of vacuum pressure , and a second position for terminating suction.

8. A device as claimed in any one of claims 1 to 7, further comprising a conduit system
operatively connected to the cannula including at least one portion fluidically connectable to
the cannula and to the source of suction pressure for operably applying suction to a surgical

field via the distal end portion of the cannula.

9. A device as claimed in claim 7, wherein the valve is solenoid valve that is normally ¢closed and
wherein the actuator is finger-operated and whearein control system is operable to run the

motor and open the valve when the user operates the actuator.

10. A device as ¢laimed in any one of claims 1 to 9, wherein the at least one second connection

is generally axially aligned with the cannula axis.

11. A device as claimed in any one of claims 1 to 10, wherein the at least one second
connection includes a connection operable for connecting the cautery electrode with respect to
a monopolar generator a separate connection for drivably connecting a drive mechanism to the

archimedas screw.

12. A device as claimed in any one of claims 1 to 11, wherein the body portion is shaped to at

least partially define a hand piece for performing laparoscopic surgery.

13. A device as claimed any one of claims 1 to 12, wherein the actuator is finger-operated

trigger operable to contact a switch when operated, the actuator operable between a first axial
position in which the cautery electrode tip is in a treatment position and the switch is in an
“off” position such that suction is turned off and the archimedes s¢rew instrument does not
rotate in the at least one direction, and a second axial position wherein the cautery electrode
tip Is in the shielded position and switch is an “on” position, wherein suction is turned “on” and

the archimedes screw instrument rotates in the at least one direction.
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14. A device as claimed in ¢laim 13, wherein power to the cautery electrode is turned “off” in

the second axial position.

15. A device as claimed in any one of ¢laims 1, 13 and 14, wherein the cautery electrode tip is

biased to sit in the treatment position.

16. A device as claimed in claim 13, further comprising a disengageable locking element for

locking the actuator in the secand axial position, wherein disengagement of the locking
element releases the trigger such that the cautery electrode can occupy the treatment position

and the switch can re-occupy an “off” position if the trigger is not continuously engaged by 2

User.

17. A device as claimed in any one of claims 1 to 16, further comprising a cannula of a type

defined in claim 1.

18. A device as claimed in any one of claims 1 to 17, further comprising a cautery electrode and

an archimedes screw.

19. A device as claimed in claim 18, wherein the cautery electrode is configured to comprise a
first electrode portion housed within the body portion and a second electrode portion, encased
by the archimedes screw, that is disposed within the cannula, and wherein the connector

system is operable to link the first electrode portion to the second electrode portion such the

second electrode portion can be removed and replaced.

20. A device as claimed in claim 18, wherein the cautery electrode is connected to the
archimedes screw for rotation therewith and wherein the connector system is operable to

supply power to the cautery electrode while the cautery electrode is rotating.

21. A device as claimed in claim 20, wherein cautery electrode is linked to a drivable element.

22. A device as claimed in claim 18, wherein archimedes screw includes a longitudinally

oriented channel for operably disposing the cautery electrode within the archimedes screw

instrument in axial alignment with the cannula wherein a first end of cautery electrode carrying

the cautery electrode tip is disposed at the distal end of the cannula and a second end of the
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cautery electrode is disposed for connection to a connector in the body portion, the connector
operatively connected to a second connector on an exterior surface of the body portion, the

first connector and the second connectar operable for connecting a the ¢cautery electrode to a

monopolar generator.

23. A device as claimed in claim 18, wherein the archimedes screw instrument and the cautery

electrode are respectively connected to the body portion via at least one of a permanent

locking connection and a permanent non-locking connection.

24. A device as claimed in claim 17, wherein cannula is connected to the body portion via a

releasable locking connection.

25. A device as claimed in claim 17, wherein the cannula is connected to the body portion via at

least one of a permanent locking connection and a permanent non-iocking connection.

26. A device as claimed in any one of claims 1 to 16, further comprising a cannula, an

archimedes screw and a cautery electrode pre-connected to the body portion.
27. A device as claimed in any the preceding claims, further comprising an irrigation system.

28. A device as claimed in any of claims 5 to 27, wherein the drive mechanism is located within

the body portion.

29. A device as claimed in any of claims 5 to 28, wherein the drive mechanism is operatively

connected to a power source located within the body portion.

30. A device as claimed In claim 6, wherein the motor is located within the body portion.

31. A device as claimed in claim 30, wherein the motor is operatively connected to a battery

located in the body portion.

32. A device for performing laparoscopic surgery, the device operable in conjunction with a
source of vacuum pressure for conveying tissue debris away from a surgical field, the device

comprising:
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A body portion operativeiy connected to a rod-shaped cannula of a length and diameter sized
for use in a laparoscopic surgery, the cannula preferably of the type including an interior wall
portion defining a hollow channel and a longitudinal cannula axis, a proximal end portion for
connection to the body portion and a distal end portion having an aperture through which at
least one instrument receivable within the cannula is exposable outside the aperture for
treating a subject, the linear distance between the proximal end portion of the cannula and the

aperture defining a reference axial distance;

An instrument disposed within the cannula, the instrument including a cautery electrode and

archimedes screw, the cautery electrode linked to the archimedes screw for rotation therewith;
A motor located in the body portion, the motor drivably connected to the instrument;

A connector system including at least one connector operatively associated with the body
portion, the at least one connector organized to provide a connection for the motor to a power
source and at least one second connection, the at least second connection operable for
connecting a cautery electrode with respect to a monopolar generator and for drivably
connecting the motor to the instrument such that the motor is operable to rotate the

instrument in at least one direction, the at least one direction suitable for conveying material

through the cannula towards the proximal end peortion of the cannula;

wherein the cautery electrode and the archimedes screw are of operative axial lengths with
respect to the axial position of the at least one second connection and the reference axial
distance such that a cautery electrode tip of the cautery electrode is positionable outside a

nerimeter of the aperture of the cannula and 2 conveyance initiating end-portion of the

archimedes screw is disposable within the cannula for rotation therein at a distance from the
surgical field more remote from the surgical field than the cautery electrode tip and at a

distance from the aperture operable for conveying tissue debris entering the cannula via the

aperture towards the proximal end portion of the cannula;

a control system including a control interface for initiating and terminating suction, initiating

and terminating rotation of the instrument, and initiating and terminating cautery, the control
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system connectable to the motor and to at least one of a source of vacuum pressure and a

valve operable to initiate and terminate suction via a source of vacuum pressure, the control
system operable in conjunction with a conduit system fluidically connectable to the cannula
and the source of vacuum pressure for applying suction to a surgical field via the distal end
portion of the cannuly, the control system including at least one actuator, the at [east one
actuator operatively connected to the instrument for implementing and terminating cautery,
the actuator operable at least between first state for preventing cautery during suction and a
second state in which the cautery electrode is operable for cautery with the electrode tip

exposed outside the aperture, the actuator operable for at least one of:

(a) moving the cautery electrode tip axially within the cannula along an axis parallel to the
cannula axis, between a treatment position wherein at least a portion of the cautery electrode
tip is disposed for use outside the perimeter of the aperture and a shielded position in which

the cautery electrode tip withdrawn into the cannula inside the perimeter of the aperture;

(b) interrupting the electrical connection between the cautery electrode and the monopolar

generator;
(c) turning the monopolar generator off

and wherein, in use;

the control system operable to draw tissue debris to the conveyance-initiating end portion of

the archimedes screw via suction when cautery is terminated by the actuator.

33. A device as claimed in claim 32, wherein at least one actuator operatively is connected to
the cautery electrode for moving the cautery electrode the treatment position the shielded

position.

34. A device as claimed in claim 33, wherein, in use, in the shielded position, the conveyance-

Initiating end portlon of the archimedes screw s positioned behind the perimeter of the
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aperture and behind the cautery electrode tip to receive tissue debris introduced into the

aperture by vacuum pressure inside the cannula at the aperture.

35. The device as claimed in any one of ¢laims 33 and 34, wherein, in use, in the shielded
position, the conveyance-initiating end portion of the archimedes screw is positioned at a
distance behind the perimeter of the aperture which is approximately no greater than the axial
distance required to move the portion of the cautery electrode tip disposed outside the

aperture when in the treatment position, into the shielded position.

36. The device as claimed in any one of claims 32 to 36, wherein the device is operable to

contemporaneously terminate cautery, initiate suction and initiate rotation of the archimedes

sCraw,

37. The device as claimed in any one of claims 32 to 37, wherein the control system is operable

to contemporaneously initiate cautery and terminate suction.

38. The device as claimed in any one of claims 32 to 36, wherein the control system is operable
to contemporaneously implement cautery, terminate suction, and terminate rotation of the

archimedes screw.

38



CA 02899017 2015-07-31

FIG. 1
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