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TITLE

'SURGICAL CLAMPING DEVICES AND TOOLS FOR USE THEREWITH

FIELD OF THE INVENTION

The present invention relates to surgical clamping devices and tools for

use therewith. In particular, but not exclusively, the present invention relates
to devices for constrictiné and/or occluding blood flow in bloo‘d vessels,' such
as veins, arteries and capillaries in humans and animals. The present
invention also relates to tools that can be used with the surgical"clampirig
devices.

BACKGROUND OF THE INVENTION

During many sufgical procedures it is _necessary to temporarily constrict

~ or occlude the blood flow in blood vessels, such as veins and arteries. This is

typically achieved with a surgical clamp comprising a pair of elongate
clamping members. A clamping member is positioned either side of the vein
or artery, or either side of body tissue comprising the vein or artery, and the
clamping members are biased towards 'each other to hold the vein, arte.ry or
body tissue therebetween. Biasing is typically achieved via' a spring, a
ratch_etin'g mechanism or by hand depending on the type of clamping device
and the location of the vein, artery or body tissue being clamped.‘ ‘
Blood vessel clamps, for example, are a\)ailable from manufacturers in

a range of sizes suited to clamping blood ves»sels}.r_ang'ihg from about 0.2mm
.to about 12.0mm. Some clamps have a pre-set clamping tension for each

respective clamp size, while other larger clamps are manually operated using

a ratcheting closure system requiring the operator to estimate the appropriate

level of force required to occlude blood flow in the blood vessel. Smaller
clamps comprise shorter clamping members and smaller springs, which exert
a lower clamping force in an effort to avoid damage to the respective biood
vesselé. Conversely, larger clamps compris'e longer clamping members and -
stronger springs, which exert a higher clamping force to constrict or occlude
blood flow in larger blood vessels. Such clamps can be single Clamps ora pair
of clamps mounted to a rod or pin and spaced apart for Clamping two different
locations of a single artery. |
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For other types of surgery, the pair of elongate clamping members is
provided at the end of a palr of elongate handles such as wuth forceps such
that clamping within a body cavity can be achleved more easily. In this
example, the clamping members are typlcally retained in one of a plurality of
predetermined separation positions via a réleasable ratchet mechanism.

One .disadvantage with the aforementioned prior art clamping devices

- is that the force exerted on the vein, artery or tissue by the c'lam_ping members

can vary quite significantly. This will depend on the size and type of clamp
used, the size and type of sprihg or other biasing means employed, the type
of vein or artery belng clamped and the amount and type of tissue surrounding
the vein or artery. For example muscle has a high tensile strength whereas
fat has a low tensile strength. If the force is too low, the desired level of blood
flow constriction or occluded blood flow will not be achieved and if the force is
too high, the vein or artery could be damaged leading to potentially life-
threatening complications. Examples of such complications include
thrombosis, which is caused as a result of damage to the blood vessel at the
point of clamping, and heart attacks or strokes caused by dislodgement of |
plaque material at the clamping site. '

| Often the pressﬂre exerted by the clamping members is non-uniform
along their length resulting in a pressure gradient. Many clamps apply greater

‘pressure at the approximate location of the blood vessel being clamped with

less pressure being applied at the distal location of the blood vessel causing

- damage to the blood vessel as a result of uneven pressure being applied to

the blood vessel.

Another drawback of the conventlonal surglcal clamps and in partlcular
the manually operated clamps that are available in a range of sizes and
shapes, is the cost. For example, a batch of 10 surgical clamps of a single |
size and shape can cost about $500. A single size of clamp may only be
suitable for a specific type of surgery and such clamps are often disposable,
single-use clamps. Therefore medical facilities experience significant
expenditure in providing and maintaining sufficient numbers of clamps in the
required ‘range of sizes. Fufthermoré, a particular size of clamp may be
suitable for exerting an appropriate level of forcé on a particular artery in onev
patient, but this may be excess_ivev or insufficient for the same artery in the
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same proeedure in a different patient, for example, due to varying levels of
plaque build up between patients.

~ Metal surgical clamping devices can be sterilized and reused, which -
addresses to an extent the cost associated with replacing single use clamping |
devices. However, reusable metal surgical clamping devices usually have a
greater initial cost. Also, at least some of the metal surgical clamping devices
experience metal fatigue after repeated use, which can lead to cracks in the
metal that can cause infection. Metal surgical clamps also tend to Iose
clamping tension due to repeated use.

Various attempts have been made to alleviate at least some of these
problems. For exémple, Eurbpeah -F;atent No. EP 1 562 492 discloses an
apparatus for the detection and occlusion of blood flow comprising a pair of
elongate clamping members for clamping tissue comprising an artery. The
epparatus is similar to a pair of forceps and -compr_ises a releasable ratcheting
mechanism to maintain pressure between the clamping members. One of the
clamping members comprises a blood flow detecting sensor to facilitate the
location or monitoring of the artery to be occluded. The sensor can detect the
reduction or abolition of blood flow and the releasable ratcheting mechanism
can be adjusted to change the blood flow.

- The apparatus of EP 1 562 492 is particularly suited for occluding blood
flow in uterine arteries. However, blood flow is still dependent on and
controlled by the manual adjustment of the releasable ratcheting mechanism
by the nurse or surgeon, thus still requiring the necessary skill and. care in
applying the cofrect pressure fof the particular p‘rocedure, the particuler region .
of the body and the particular patient. Furthermore, the blood flow detecting
sensor is coupled to a eensor control device via a detachable cable external to
the elongate arms of the device. The external cable can potentially interfere

with the procedure and can present a snagging risk in relation to other

~apparatus or protruding elements in the operating theatre. Therefore, the

external cable is considered an undesirable feature. Whilst the elongate arms
facilitate access to body cavities, the elongate arms render the‘clamping
apparatus of EP 1 562 492 unusable for many procedures where clamping in

confined cavities is required. -
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~ Other clamping or occlusion devices are known from the following: US
2005/0113634, US 2005/01 13852, WO. 2009/048367, US 6582451, US
6656205, US 4120302 and uS 5697942. However, at least some" of the
clamping or occlusion devices in theée documents exhibit one or more of the
aforementioned problems. |
The reference to any prior art in,this specification is not, and should not |
be taken as, an acknowledgement or any form of s'uggestion’that the prior art
forms part of the common general knowledge.

~ OBJECT OF THE INVENTION
It is a preferred o_bjébt of the invention to provide an improved surgical
clamping device that addresses or ameliorates one or more of the
aforementioned problems of the prior art or provides a uséful commercial

alternative.

It is another preferred object of the invention to provide a tool for use

with the improved surgical clamping devices.

SUMMARY OF THE INVENTION

Generally, the present invention relates to surgical ‘clamping devices

wherein a predetermined clamping force can be achieved and/or the likelihood
of damage to the blood vessel being clamped is minimized or at least reduced
compared with the prior‘art. Generally, the present invention also relates to
tools for use with the surgical clamping devices. '

Ac'cording' to one aspecf, the present invention resides in a surgical
clamping device comprising: ' '

" abody; and _

a pair of elongate clamping members extehding from the body wherein

a shape of the elongate clamping members is adjustable. |
_ Prefe‘rably, the elongate clamping members are made from a flexibl_e

matgarial allowing the shape of the elongate clamping members to be
conformed to the blood vessel to be clamped. |

‘Suitably, the elongate clamping members are integrally formed with the |
body. o
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Suitably, the elongate clemping members are detachable from the

According to another aspect, the present invention resides in a surgical

- clamping device comprising:

a body; and v

a pair of elongate'clamping members extending from the body wherein
an angle of the elongate clamping members relative to the body is adjustable.

Suitably, the elongate clamping members are adjustable relative to the

- body in a vertical plane.

Suitably, the elongate clamping members are adjustable relative to the

-body.in a horizontal plane.

Suntably, the elongate clamping members can occupy one of a plurality
of predetermined angles relative to the body.
Alternatlvely, the elongate clamping members can occupy any position

w1th|n a predetermlned range of angles.

The body may comprise a ratchet mechanlsm or gearing mechamsm

for secunng the elongate clamping members at the predetermined angles.

In the aforementioned aspects, a length of the elongate clamping.

: members is selectable from a plurality of predetermlned lengths.

Accordmg to a further aspect, the present invention resides in a
surgical clamping device comprising:
| a body; ' : ‘

a.pair of elong_éte clamping members extending from the body; and

a controller housed within the body and coupled to the elongate’
clamping members for controlling the pressure exerted by the elongate
clampmg members on a blood vessel clamped therebetween.

Preferably, the body comprises at least one actuator coupled to the

“controller wherein actuation of the at least one actuator causes the controller

to increase or decrease the pressure exerted by the elongate clamping
members. v : |

Suitably, the body comprises a first pair of opposed actuators coupled
to the controller wherein actuation of the first palr of opposed actuators
causes the controller to increase the pressure exerted by the elongate "

clamping members.
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Suitably, the body comprises a second pair of opposed actuators

~ coupled to the controller wherein actuation of the second pair of opposed

actuators causes the controller to decrease the pressure exerted by the
elongate clamplng members.

Suitably, the first pair of oppdsed actuators are perpendicular to the
second pair of opposed 'act'uators. Suitably, the first and second pair of
opposed actuators are operated by the thumb and forefinger of a user.

- Preferably, the controller adjusts a position of one or both of the
elongate clémping members such that a pressure is exerted on the blood
vessel blamped therebetween sufficient to constrict or occlude blood flow as
required. | |

Suitably, the controller is implemented via a micro-electro-mechanical-
system (MEMS). . |

o SUitany, the elongate clamping members are detachable from the
body. The elongate clamping members and/or the body may be disposable for
single use or may be reusable. |

Suitably, at least one blood flow sensbr is mounted to one of the
elongate clamping members to detect blood flow in the blood vessel clamped
between the elongate clamping members. | |

| Preferably, the elongate clamping members either side of the biood
vessel are locked in place once the at least one blood flow sensor detects that
blood flow has been occluded or constricted to the desired extent.

Suitably, the at least one blood flow sensor is |mplemented using
Coriolis technology.

Su;tably, the at least one blood flow sensor is coupled to an output
device for displaying an indication of the blood flow via a wired or wireless
link. _ _ '

Suitably, the at least one blood flow sensor detects a calibre of.fhe
blood vessel clamped between the elongate clamping members. | _

Suitably, at least one sensor is mounted to at least one of the elongate
clamping members to detéct a mass of the blood vessel clamped between the
eIongaté_ clamping members, wherein the controller adjusts a pressure applied

by the elongate clamping members according to the detected mass.
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One or more of the elongate clamping members of one or more of the
aforementioned embodiments may comprise a non-slip coating to prevent the
blood vessel from sliding'from a clamping surface of the elongate clamping
members. | |

'One or more of the elongate clamping members of one or more of the
aforementioned embodiments ma}y comprise a .channel for receiving the blood
vessel. One of the e|o}ngate clamping members may comprise a projection

 aligned with the channel in the other elongate clamping members to securely

clamp the blood vessel in position.
According to another aspect, the present invention resides in an

-applicator for use with a surgical clamping device, the applicator comprising:

a body housing at least one input device; at least one output deviee
and a microcontroller coupled to the input and output devices;

an arm connected to the body ata proximel end; and

a head at a distal end of the arm for connection to the surgical
clamping device, the head in communication with the microcontr_oller.

Suitably, the arm comprises a cyli'ndrica| sleeve member connected to
the body and an elongation member housed within the cylindrical sleeve
member. | ' |

A linear actuator may control extension and retraction of the elongation
member relative to the cylindrical sleeve member. '

The head mayicomprise a frame supporting a ball member which can
pan and tilt relative to the frame the ball member comprising an interface for
coupllng the surgical clamping device to the head. '

Suitably, the arm of the apphcator is erxane

Accordnng to another aspect, the present invention resides in an

+applicator for useWi_th a surgical cla'mping device, the applicator comprising:

. a body housing at least one input device, 'at least one output device, a
micro-motor and a mlcrocontroller coupled to the input and output devices and '
the micro- -motor;

an actuatlon mechanism coupled to the_micro-motor;'

an arm connected to the body at a proximalend; and
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a connecting rod housed within the arm, a pr'oxirnal end of the
connecting rod coupled to _the'actua"tion mechanism and a distal end
connectable to the surgical clamping device.

Preferably, the eonnecting rod can be rotated bi-directionally in a :
cIockWise-and anticlockwise direction and extended and retracted.

Suitably, a distal end of the arm comprises one or more electrodes for
connection with respective electrodes of the surgical clamping device and/or a
recess for receiving a mounting guide .of the surgical clamping device.

The applicators preferably comprise an electromagnetic system
controlled by the microcontroller for controlling connection and disconnection
of the surgical clamping device and the applicator. |

' Further aspects’ and features of the present invention will become
apparent from the following detailed description. '

BRIEF DESCRIPTION OF THE DRAWINGS -
In order that the invention may be readily und_erstood and put into

_ practical effect, reference will now be made to preferred embodiments of the

present invention with reference to the accompanying drawings, wherein like

reference numbers refer to identical elements The drawmgs are provided by

- way of example only, wherem

FIG 1 isa schematic side view of a surgical clamping device according

to a first embodiment of the present invention;

FIG 2 is a schematic end view of a body of a surgical clamping device

according to a second embodiment of the present invention;

~ FIG 3A is a schematic plan view of a surgical clamping device
according to a third embodiment showing flexible clamping members in a first

arrangement;

FIG 3B is a schematic plan view of the Vsurgical clamping device of FIG

3A showing the flexible clamping members in a second arrangement;

FIG 3C is a schematic plan view of the surgical clamping device of FIG

3A showing the flexible clamping members in a third arrangement; .

FIG 3D is a schematic plan view of the surgical clamping device of FIG
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3A éhowing the flexible clamping members in a fourth arrangement;

FIG 3E is a schematic plan view of the surgical' clamping device of FIG

3A showing the flexible clamping members in a fifth arrangement; -

FIG 4A is schematic plan view of a surgical clamping device according

to a fourth embodiment showing clamping members at different angleé in a

horizontal plane;

FIG 4B is schematic side view of the surgical clamping device of FIG
4A.showing clamping members at different angles inv'a vertical plane;

FIG 5A is a.schematic side view of a 'further.embddiment of the surgical
clamping device showing clamping'mémbers with a channel;

FIG 5B is a schematic side view of a further embodiment of the surgical

" clamping device showing a clamping member with a channel and an. inclined

portion; _

FIG 5C is a schematic si'de view of a further embodiment of the surgical
clamping device comprising a magnifying dévice, output device and alignment
recess; o

FIG 6A is an isometric view of a surgical clamping device according to

~ an embodiment of the present invention;

FIG 6B is a partially cut-away top view of the surgical clampmg device
of FIG 6A showing internal components of the device;

FIG 6C is an isometric view of the surglcal clamping device of FIG 6A
showing the elongate membérs in an open position; |

FIG 6D is an end view of the device of FIG 6A,;

FIG 6E is an enlarged isometric view of a mounting member of the
device for connection to a surgical clamping applicator,

FIG 7 is an isometric view a surgical clamping device accdrding to
another embbdiment of the present invention showing the elongate members
ln a fully closed position; |

FIG 8is an lsometrlc vnew a surgical clamping device accordlng toa yet
further embodiment of the present invention; _

FIG 9A is an isometric view a surgical clamping device according to

another embodiment of the present invention; -
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FIG 9B is a top view of the surgical clamping device of FIG 9A showing
internal components of the device; |

FIG 9C is an end view of the surgical clamping device of FIG 9A
showing a mounting member of the device for connection to a surgical
clamping applicator; »

FIG 10A is an isometric view an surgiCaI clamping applicator accofding
to another embodiment of the present invention- showing an arm of the
applicator in an extended p‘osition; : _

FIG 10B is a side view of the surgical clamping applicator of FIG 10A
showing a mounted surgical clamping device af an angle in vertical plane;

FIG 10C is a partially cut-away top view of the surgical clampihg

- applicator of FIG 10A showing a mounted surgical clamping device at an

angle in vertical plane;

FIG 10D is an enlarged isometric view of region A of FIG 5A showing a

- head assembly of the applicator for connection to and positioning of a surgicél

clamping device; _

FIG 10E is an isometric view of a mounting member of the head
assembly of the applicator shown in FIG 10D;

FIG 10F is an isometric view of the mounting member shown in FIG
10E coupled to the mounting member for the surgical clamping device shown
in FIG 6E;

FIG 10G is a side view of the arrangemé'nt shown in FIG 10F;

FIG 11 is a side view of a surgical clamping applicator comprising a

flexible arm for varying configurations;

FIG 12A is an isometric view of a surgical micro-clamping device

‘according to another embodiment of the present invention;

FIG 12B is an isometric view of the device of FIG 12A showing the

‘ elongate members in an open posmon

FIG 12C is a schematic top view of the device of FIG 12A showing
internal components of the device; |

FIG 12D is an end view of the device of FIG 12A showing a mounting
member of the device for connection to a surgical micro-clamping applicator;

FIG 13A is an isome.tri_c\view an surgical micro-clamping applicator

according to a further embodiment of the present invention;



10

15

20

25

30

WO 2012/048387 _ PCT/AU2011/001319

11

FIG 13B is an enlarged isometric view of a cylindrical sleeve member
of the applicator of FIG 13A for connection to a surgical micro-clamping
device; ' v - ‘ :
" FIG 13C shows the cylindrical sleeve member of FIG 13B with a
connecting rod of the applicator in an extended position;

FIG 13D is a partially cut-away top view of the applicator of FIG 13A
and

FIG 13E is an isometric view of the applicator of FIG 13A showing a
surgical micro-claﬁwping device mounted thereto.

Skilled addressees will appreciate that elements in the draWings are
illustrated for simplicity and clarity and have not necessarily been drawn to
scale. For example, the relative dimensions of some of the elements in the.
drawings may be distorted to help imprbve understanding of embodiments of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to FIG 1, an improved surgical clamping device 10

according to an embodiment of fhe present invention comprises a body 12

‘and a pair of elongate clamping members 14, 16 extending from the body for

clamping a blood vessel 18, such as an artery, vein or Capillary This
embodiment also comprlses a controller 20 housed within the body and
coupled to the elongate clamping members for controlling the pressure
exerted by the elongate clamplng members 14, 16 on a blood vessel 18
clamped between the elongate clamping members. .

According to some embodiments, the body 12 comprises at least one
actuator 22 coupled to the controller 20 wherein actuation of the at least one
actuator 22 causes the controller 20 to increase or decrease the .pressure
exerted by the elongate clamping members 14, 16. _

In ’_che embodiment shown in FIG 1, two actuators 22, 24 are provided.
Body 12 comprises a first actuator 22 éoupled to the controller 20 wherein
actuation of thé first actuator 22 by a uéer causes the controller to increase
the pressure exerted by the elongate clamping members 14, 16 by causing .
the separation between the elongate clamping members to be reduced. Body

12 comprises a second actuator 24 coupled to the controller 20 wherein
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actuation of the second actuator 24 causes the controller to decrease the
pressure exerted by the elongate clamping members 14, 16 by increasing the
separation between the elongate clamping.members. Varying the separation
between the elongate damping members 14, 16 can be achieved by moving
one or both of the elongate clamping members. In this embodiment, first
actuator 22 is provided on, or mounted within, a first wall 26 of the body 12
and second actuator 24 is provided on, or mounted Withih, a second wall 28 of
the body. However, other configurations of the first and second actuators 22,
24 are envisaged depending on the size and shapé of the body 12 and the
particular proCedu’re(s) for which the improved surgical clamping'device 10 is
intended. | | - o _

According to some embodiments, the controller 20 and‘the components

to effect movement of the elongate clamping members 14, 16 are

- implemented via a micrd-electrb-mechanical-system (MEMS), as will be

described in detail herein. For example, movement of the elongate clamping
members can be effected by a micro-scale gearing or ratcheting system
controlled by a microchip within the body 12 or external to the body via a

wired or wireless link. The microchip is' pre-programmed and coupled to be in

communicétion with the elongate clamping members ‘14, 16, controller 20,
actuators 22, 24, blood flow sensor 30 and one or more other sensors, output
devibe 32, limiter and external patient monitoring device as described héreih.
It will be appreciatéd that the body 12 can also Comprise a suitable power
supply to power the components therein. '

The improved surgical clamping device 10 further comprises at least
one blood flow sensor 30 mounted to, or integrate'd with, one of the elongate
clamping members 14, 16 to detect blobd flow in the blood vessel 18 clamped
between the elorigate clamping members. The blood flow sénSor 30 can be
irhplement‘ed via both elongate clamping members 14, 16 as illustrated in FIG
1. The blood flow sensor 30 can be coupled to an output device 32, such as
an LCD screen or seven segment display, mounted to, or within, the body 12
for displaying an indication of the blood flow. The blood flow sensor 30 can be
coupled to 6utput -deviée 32 via a wired connection via the controller
20/MEMS. Alternatively, the blood flow sensor 30 can be coupled to output
device 32 wirelessly. In some embodiments, the output deyice 32 is not
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provided on the body 12 of the improved surgical clamping device 10. In such
embodiments, the output device of a conventional patient mohitoring device
can be utilized with blood flow data being communicated to the conventional
patient monitoring device wirelessly. _

The blood flow sensor 30 can be selected from senso‘rs. consisting of
pressure sensors, magnetic sensors, electrical sensors, optical sensors,
nuclear sensors, strain sensors, stress sensors, acoustic sensors, ultrasound

. sensors, such as Doppler ultrasound sensors, electromagnetic radiation

sensors, chemical sensors, thermal sensors, Coriolis micro flow sensors and

- combinations thereof.

Although the blood flow sensor 30 is generally indicated in FIG 1. as -
being provided along substantially the full length of the elongate clamping
members 14, 16, the positioning of the blood flow sensor 30-or]:t‘he elongate

_clamping members 14, 16 and the proportion of the length of the elongate

clamping members along which the blood flow sensor 30 is provided will
depend on fhe type(s) of blood flow sensor employed.

| According to some embodiments, the at least one blood flow sensor 30
detects a calibre of the blood vessel 18 clémped between the elongate

.clamping members. In other words, the quality or condition of the blood vessel
.can be detected. The ‘calibre of the same vein or artery can vary quite widely

between patients due to a range of factors. For example, arteriosclerotic
vascular disease (ASVD) or atherosclerosis causes artery walls to thicken as

the result of a build-up of fatty materials. A different clamping pressure is
- required for arteries affected by this condition compared with arteries not so
'affected, For example, a Doppler ultrasound sensor can detect thickening of

the artery walls and the controller 20/MEMS can factor in the detected
thickness into the determination of the pressure to be exerted by the elongate
clamping members 14, 16. | ‘

According to some embodiments, at least one sensor is mounted to at
least one of the elongate clampihg members 14, 16-to detect a mass of the
blood vessel clamped between the elongate clamping members. The mass of
the same blood vessel in the same location can vary between patients
depending on a fange of factors, such as the age and condition of the patient
and whether any conditions are presenting, such as ASVD referred to above.
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Therefore, the préssure required to occlude the same blood vessel can Vary
between patients. Therefore, the controller 20 adjusts a pressure applied by
thevelongate clamping membérs 14, 16 according to the detected mass of the
blood vessel. - | _ |

One or more of the elongate clamping rﬁenﬁbers 14, 16 can Comprise a
non-slip coating or layer 34 on at least part thereof to prevent the blood vessel
18 from sliding from a clarhping surface of the elongate clamping members. In
the embodiment shown in FIG 1, non-slip coating or layer 34 is provided on
both elongate clamping membérs 14, 16. Non-slip coating‘or layer 34 can also

be softer than the remainder of the elongate clamping members 14, 16 to help

reduce or avoid trauma to the blood vessel 18. Alternatively, a soft cushioning

| layer of surface can be provided on, or applied to, the harder elongate

clamping members 14, 16 and if required, the soft cushioning layer can have
a further non-slip coating or layer 34 applied thereto. As a further alternative, a
surface of the soft cushioning layer can be treated to render it non-slip. |
Réferring to FIG 2, according to a second‘ embodiment, body 12
comprises a first pair of opposed actuators 22 mounted thereto and coupled to
the controller 20 wherein actuation of the firét pair of opposed actuators as
indicated by the arrows causes the controller 20 to increase the pressure
exerted by thé elongate clamping members 14, 16. Body 12 also comprises a .
second pair of opposed actuators 24 mounted thereto and coupled to the
controller 20 wherein actuation of the second pair of opposed actuators as
indicated by the arrows causes the controller to decrease the pressure
exerted by the ellongate clamping members 14, 16. As shown in FIG 2, the
first pair of opposed actuators 22 are substantially perpendicular to the
second pair of opposed actuators 24. The first and second pair of opposed
actuators 22, 24 can be'con'veniently operatéd with the thumb and foreﬁnge;
of a user alternately to increase or decrease the pressure exerted by the
elongate clamping membérs as required. | '
The controller 20 adjusts a position of one or both of the elongate
clamping members 14, 16 such that a pressure is exerted o'n the blood vessel

18 clamped therebetween sufficient to constrict or occlude blood flow as

required. The current blood flow can be indicated by the output device 32 as
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described above such that the operatdr can increase or decrease the -
pressure via actuators 22, 24 as desired.

The controller 20/MEMS includes a limiter that prevents the pressure
exerted by the elongate clamping members 14, 16 exceeding a level that
would cause trauma to the blood vessel 18 being clamped. The pressure level
limit can be determined based on the detected blood flow and/or the detected

calibre and/or the detected mass of the blood vessel 18 as described above.

The limiter also prevents the separation of the elongate clamping members
14, 16 exceeding the physrcal limits of the device 10.

With reference to FIGS 3A to 3B, accordlng to other embodiments of
the |mproved surgrcal clamping devrce 10, the shape of the elongate clampmg'

: members 14, 16 is adjustable. The elongate clamping members are made

from a flexible material allowing the shape of the elongate clamping members
to be co'nformed to the blood vessel 18 to be clamped. FIG 3A shows the
elongate clamping members in a linear arrangement as shown in the previous
embodiments. FIG 3B shows the elongate clamping members curved to the
right along substantially the whole length of the elongate clamplng members.

FIG 3C shows the elongate clamping members 14, 16 curved to the right at

the tips thereof distal from the body 12. FIG 3D shows the elongate clamping
members 14, 16.curved to the left at the tips thereof, but at a different angie
from that shown in FIG 3C. FIG 3D shows the elongate clamping members
14, 16 bent to the left approximately at a mid-point thereof, such that the
elongate clamping members 14, 16 are at an angle of about 100°. The
adjustable elongate 'clamping‘ members enable the improved surgical
clamping device 10 to be adapted to a range of different blood vessels, a
range of different sizes of blood vessels, a range of different locations within

the animal or human body and to use in a range of different surgical

- procedures. Hence, a single version of the improved surgical clamping device

10 can avoid or reduce the- need for a wide range of different clamping
devices that are dedicated to a single type/size/location of blood vessel or to
one or only a limited number of surgical proceduree. _

With reference to FIGS 4A and 4B, according to other embodiments of

- the improved surgical clamping device 10, an angle of the elongate clamping

members 14, 16 extending from the body 12 is adjustable. As shown in the
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plan view in FIG 4A, the elongate clamping mem'bers can be adjustable

relative to the body in a horizontal plane. Alternatively, as shown in the side
view in FIG 4B, the elongate clamping members are adjustable relative to the
body in a vertical plane. In a further élternative embodiment, the elongate

clamping members 14, 16 can be adjustable relative to the body 12 in both a

vertical and horizontal plane. |

According to some embodiments, the elongate clamping members 14,

16 can occupy one of a plurality of predetermined angles relative to the body

12. According to other embodiments, the elongate clamping members can

occupy any position within a predetermined range of angles. FIG 4A shows

the elongate clamping members occupying three different positions in the
same. horizontal plane — a central position, a position 30° left of the central

position and a position 30° right of the central position. FIG 4B s’howé the

" elongate clamping members occupying three different positions in the same

vertical plane — a central position, a position 30° above the central position
and a position 30° below the central position. It will be appreciated that many

“other angles are achievable whether such angles are discrete predetermined

positions or any position within a predetermined range: of a_hg[es. For
example, in some embodiments the elongate clamping members may be able -
to occupy any position 90° either side of the central position proViding a 180°
range of positions. The body may comprise a ratchet mechanism or gearing
mechanism for securing the elongate clamping members 14, 16 at ‘vt'he
different angles relative to the body. Alternatively, a lécking-mechanism can
be employed which Sécures the elongate clamping members at the desired
angle. ' ,
Referring to FIGS 5A-5C, one or more of the elongate cla_mping-‘
members 14, 16 of one or more of the aforementioned embodiments can
comprise a recess or channel 36 for receiving the blood vessel 18. The
channel 36 in clamping member 14 shown in FIG 5A retains the blood vessel

in position and prevents the blood vessel from moving along the length of the

~ elongate clamping members. According to some embodiments, the elongate

clamping member that does not comprise the recess or channel 36 can be

| linear as shown in FIG 1 and described above.
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According to other embodiments and as shown in FIG 5A, the elongate |
clamping member 16 that does not comprise the recess or channel 36 for

receiving the blood vessel 18 can comprise a recess or channel 38 aligned

~ with the channel 36 in the other elongate clamping member 14 to'securely

clamp the blood vessel 18 in position. The recess or channel 38 curves in the
same direction as channel 36 and the underside of channel 38 contacts the

blood vessel 18 in channel 36 and épplies pressure thereto to constrict or

occlude the blood flow. _

In other embodiments, the channel 38 can be invérted such that
channels 36, 38 form a substantially circular aperture that surrounds the blood
vessel 18 when the elongate clamping members 14, 16 are closed together.

“In some embodiments, ihé channel 36 and/or the channel 38 comprise '
the non-slip coating or layer 34 described above.

' Accord,ihg to some embodiments of the improved surgical clamping
device 10, elongate clamping member 14 comprises é projeCtion 40 either
side of the channel 36. Elongate clamping member 16 comprises a recess 42
either side of the channel 38 sized and shaped to receive a reépective
projection 40 of the élongate .clamping member 14. During closure of the
elongate clémping members 14, 16, recesses 42 ‘receive respective
projecﬁons 40 therein and once fully adcommodated prevent further closure of

_ the elongate clamping members 14, 16. Hencé, each projection ‘and recess

pair determines a minimum'aseparation for the clamping members 14, 16. The
extent of}‘the projections 40 and the depth of the recesses 42 are such that
they prevent trauma to the blood vessel 18 being clamped. The size of the
projections 40 and recesses 42 may vary between different embodiments

-according to the particular vein or artery or capillary being clamped and/or the

particular surgicé! procedure(s) for which the improved surgical clamping
device 10 is/are intended. It is envisaged that the projec{ions 40 and recesses
42 can be provided at other positions along the length of the elongate
clampingvmembers 14, 16 and need not ne.qeésarily be provided adjacent or
within the channels 36 38 as shown in FIG 5A. | '

" FIG 5B shows an alternative embodiment of the elongate clamping
mémber 14, which comprises channel 36 for receiving the blood vessel 18. In

this embodiment, the élongate clamping _rmember 14 comprises an inclined

PCT/AU2011/001319
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~ portion 44 from a tip of the clamping member 14 to the channel 36 to facilitate

location of the blood 'vesselv 18 into the channel 36 by sliding of the blood

- vessel 18 up the inclined portion. and into the channel 36.

Embodiments of the improved surgical clamplng dewce 10 can
comprlse an enlarged channel wall 46 to aid retention of the blood vessel 18
in the .channel 36. The enlarged channel wall 46 helps prevent the blood
vessel 18 sliding out of the channel 36 after movement of the blood vessel 18

’ v

up the inclined portion 44 and into the channel 36. -

FIG 5C shows a further embodiment of the‘improved surgical clamping
device 10, wherein the elongate clamping member 14 comprises the inclined
portion 44, channel 36 and enlarged channel wall 46 as described in relation
to the previous embodiment shown in FIG 5B. In the embodiment shown in
Flé 5C, the elongate clamping' member 16 comprises a projection 48 aligned |
witn the channel 36 in the other elonéate ’clamping member 14 to securely

clamp .the blood vessel 18 in position when the separation between the

elongate clamping members 14, 16 is reduced. Evlongateclampin'g member
16 also eomprises recess 42 for receiving aligned enlarged channel walil 46.
Th'is arrangement prevents the elongate clamping members 14, 16 being
closed with too much pressure, thus preventlng trauma to the blood vessel 18.
being clamped '

In the embodiment shown in FIG 5C, a magn'ifying device 50, suchasa
lens, can be p'rovided on clamping member 16 above the projection 48 to aid |
location of the vein or artery 18 to be clamped Where a magnlfying device 50
is provided on clamping member 16, projection 48 is transparent In some
embodiments, magnifying device 50 can be mounted to body 12.

in the embodument shown in FIG SC the output device 32, such as an
LCD screen or seven segment display, can be mounted to, or otherwise
integrated with, elongate clamping member 16 to provnde a reading of the
blood flow in the constricted vein or artery. 18 or to confirm that there is no -

| blood flow when the vein or artery 18 is occluded.

For some of the aforementioned embodiments, the elongate clamping

members 14, 16 may' be integrally formed with the body 12 to simplify

manufacturing and minimize cost of production. However, for some

embodiments the elongate clamping members 14, 16 are manufactured

PCT/AU2011/001319
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separately. For example, in the embodiment shown in FIG 1, the elongate

clamping members 14, 16 can be molded from plastics material whereas the
body 12 and the internal components- thereof, such as the controller and :
microchip can be fabricated using MEMS techniques well known in the art,
suc_h as deposition, patterning, etching and micromachining.

For some of the aforementioned embodiments, the elongate clamping
members 14, 16 are detachable from the body 12. In such embodiments, tbe
elongate clamping members may be disposable and hence intended for single
use or may be reusable. In at least some embodiments, the body 12 is
reusable and may be sealed sufficiently that the body can be sterilized after ,
each use. ' 4 ‘

Hence, another aspect of the present inventioo ie a s_urglcal clamping
kit comprising a reusable body 12 and a‘ plurality. of interchangeable elobgate

clamping members 14, 16. The elongate clamping members required for a

particular procedure and/or for a partrcular patient and/or veln/artery can be '_ '
selected and coupled to the body 12. The elongate clamplng members can be

- provided in pairs and disposed of after a single use. Alternatively, in

embodiments where only one of the elongate clamping members_moves, the
elongate clamping mernbers can be provided singly and disposed of after a
single use. In these examples, one of the elongate clamping members is
permanently coupled to the body and can be reused along with the body after

sterrllzatlon

ln the aforementioned embodiments, a. length of the elongate clamping
- members 14, 16 may be selectable from a plurality of predetermined lengths.

The predetermined |engthv‘ selected can depehd‘on the vein/artery to be
clamped and/or the procedure for which the improved surgical clamping
device 10 is intended. According to some embodiments, three different
lengths may be provided. However, these embodiments of the present
mventlon are not limited to the particular number

The |mproved surgical clamping device -10 can be made from any
material or comblnatlon of materials smtable for surgical use. For example,
where the body 12 and/or elongate clamping members 14, 16 are made from

plastics materials, bio'compatible polymers can be used, such as, but not

limited to  polycarbonates,. polyesters, . polyamides, homopolymer

PCT/AU2011/001319
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| polypr_opylene and acetal copolymer. Where the body 12 and/or elongaté

clamping members 14, 16 are made from metals, stainless steel, aluminium,
titanium, titanium alloys, nicke! alloys or shape memory alloys can be used.
Ceramics, rubber, glass, carbon fibre, composites and/or other known -
materials can also be used.

Furthér‘details‘ of embodiments of the present invention will now be
described with reference to FIGS 6A-13F. -

Referring to FIG 6A, smart surgical clamping device 10 comprises body
12 and a pair of elo_ngate‘blamping members 14, 16 ext_ending from the body
for clamping a blood vessel 18, such as an artery, vein, or capilla‘ry
therebetween. Clamping members 14, '16 comprise, or are coupled to, a
respecﬁve_ mount 53 that moS/es aiong tracks 55 to facilitate movement of the
elong’ate clamping members 14, 16. Body 12 can ‘comprise one or more
apertures 57 to allow for movemént of mounts 53 and clamping members 14,
16 at least partially outside of body ‘12, as shbwnv in FIG 6C. In this.
efnbodiment, elongate clamping memberé 14, 16 have a tapered shape and
comprise soft cushioning Iéyers 52 to help minimise traurﬁa to the blood
vessel. L | | ‘ .

Output device 32 in the form of a graphic micro LED display shows
system messagesfoperati'on .instrubtions, Sensory data, battery information,
diagnostic data, self-test data, and other relevant information for effective user
interaction. - The micro LED display is' connected to an embedded
microcom'putér as a digital output. The Operation,of the micro LED display is
programmed in computer implemented code run .oh thé embedded‘
microcomputer. . |

" Actuator 22 in the form of a pushbutton is mounted on first side wall 26

of the body 12 to receive user commands including opening and closing of
elonga_te clamping members 14, 16 and emergency stopping of the clamping
members 14; 16 during opening or closing of the clamping members. The
pushbutton is connected to the embedded microcomputer as é binary input.
The function of the pushbutton is programmed in the computer irﬁplemented »
cod_e_fun on the embedded microcomputer. FIG 6A shows the elongate

clamping members 14, 16 in a fully closed position.



10

15

20

25

30

WO 2012/048387

21 .

Referring to FIG 6B, body 12 houses all internal components of the
device 10 and supports elongate clamping rnembers 14, 16 comprising soft
¢ushioning Iayers 52. Embedded microcomputer 54 involves a low-power
mic'rocontroller on-board memory and digit'ai and analogue input/output ports.

Body 12 can also house a buzzer and/or |oudspeaker 61 in the form of a

~ micro speaker for sounding an alarm or indicator as required during use of the
rciamping device 10. Microcomputer 54. executes the computer implemented
“system code in real-time and controls the operation of the clamping device 10.

Computer implemented systern code can include code for data acquisition,
monitoring, control,'communication, data logging, self-test, and user interface -

.modules. According to one embo‘diment a circuit for the microcomputer 54 is
'assembled on two small multilayer pnnted circuit boards 56 mounted within
" the body 12 of the clamping device 10. ' '

A micro-motor 58 is situated substantially centraily within the body 12,
which is coupled to and powered by a powe'r supply in the form of battery 60.
A micro-’gea‘rbox 62 is coinled to the micro-motor 58 to actuate elongate
clamping members 14, 16. Micro-gearbox 62 enables controlled transmission
of power from the miero-rnoter 58 to the elongate clamping members 14, 16
by converting rotational power of the micronotor,58 to linear motion of‘the
eiongate ‘clamping members 14, 16. Micro-geerqu 62 also converts the |

_ rotational speed of the micro-moto_r 58 to an appropriate linear speed and

power of the elongate clamping members 14, 16. Additionally, when the

- elongate clamping members 14, 16 are in the desired position, micro-gearbox-

62 acts as a brake, thus preventing further motion of the elongate clamping
members 14, 16. This enables the micro-motor 58 to go into a sleep mode
thus eliminating the requirement to maintain power to the micro-motor 58,

" which results in a reduction of battery power use.

A blood flow sensor 30 in the form of a blood flow sensor array is

mounted at the interface of the elongate clamping rnembers 14, 16 and -

_respective cUshioning layers 52 for continuous monitoring of the .blood flowv '

rate. Irrespective of the location o'f. the blood vessel 18 in between the

, clemping members 14, 1'6 the sensor array 30 monitors the blood flow

passing- through the vessel 18 and transmits the information to the

' mlcrocomputer 54 for monitoring,’ Iogging, and/or control actions.

PCT/AU2011/001319
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Battery 60 can be in the form of a high-povlrer button-cell lithium-ion
battery, which powers the entire clamping device including the embedded
microcomputer 54, blood flow sensor 30, and actuation of the clamping
members 14, 16 including the micro-motor 58 and micro—Qearbox 62.
However, it will be _appreciated that other types of power supply can be used.

FIG 6C shows the elongate clamping members 14, 16 in a partially

" open position. ready to receive a blood vessel. In this embodiment, mounts 53

protrude through aperture 57 in the body 12,
With reference to FIGS 6D and 6E, a mountmg member 64 is coupled

to an end wall 66 of body 12 of the clamping device 10 to enable the clamping |
’ devrceto be attached to an applicator, which will be described in further detail
" herein. The mounting member 64 enables the exchange of control and data

- _'messages in serial form and enables the clamping device 10 to be fully

15

20

25

30

operated through the applicator.. The mounting member 64 comprises a
mounting platform 68 and signal and ground electrodes 70.
FIG 7 shows another embodiment of the surgical clamplng devrce 10

compnsmg substantially rectangular-shaped elongate clamplng members 14,

16 rather than vthe tapered shape shown in FIGS BA-6C. Both the clamping
members 14, 16 and the edges of the body 12 have smoothed rounded
edges. ‘ |

ln' the embodirnent shown in FlG 8, surgical_ clamping devlce- 10
comprises one _fixed elongate clamping member 16 and one. movable
elongate clamping member 14. Clamping member 14 comprises mount 53,
which moves along tracks 55, whereas clamping member 16 does not .':
comprise a mount and can be fixed to the body 12. '

With reference to the embodiment shcwn in FIG 9A and 9B, surgical

clamping device 10 comprlses shorter clamping members 14, 16 compared
‘with previous embodiments described herein. In this embodlment clampmg

members 14, 16 have a tapered shape and comprise soft cushioning layers
52 mcorporatmg a channel 36 for holdmg the blood. vessel 18. Channels 36
compnse a central ridge 72, which aids retention of the blood vessel 18 in the
channel 36 since the cross sectlonal shape . of the blood vessel is not
necessarily perfectly circular. A single blocd flow sensor 30 is located
adjacent the channel .36 for monitoring the blood flow rate. The user places

PCT/AU2011/001319
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the channels 36 of the elongate ciamping members around the blood vessel
and activates closure of the elongate clamping members 14, 16 by pressing
actuator 22. Biood flow sensor 30 detects when biood vﬂow in the blood vessel
is occluded and halts cIo_s_ure of the elongate clampihg members 14, 16. This
embodiment comprises 'arcuate plattorm 74 in body 12 .to further aid.
positioning of the surgical clamping device 10. A user pushes the clarriping _
device 10 forward until a resistance is sensed by a suitable sensor indicating
that the blood vessel is located in the arcuate platform 74. o
FIG 9C shows mounting member 64 coupled to end wall 66 of body 12

~ of the clamping device 10 to enable the clamping device to be attached to an
-apblicator. FIG 9C also shows actuators 22, 24 protruding from body 12.

~ Whilst some of the embodiments are shown comprising actuators 22,
24 on side walls 26 and output device 32 on a substantially perpendicUlar top - |
wall of the device -10, it will be appreciatéd that other configurations are -

_envisaged, such as the output device 32 being provided on one of the side

wall 26 and one of the actuators 22, 24 provided on the top wall of the device -
10. ' : o |
In use, a user holds the body 12 of surgical clamping device 10 using

- two fingers placed on top of actuators 22, 24. In some embodiments, pressing

one of the actuators fully opens elongate 'clamping- members 14, 16. Device
10is thén brought into the vicinity of the blood vessel to be clamped and the
user p‘la'ce}s the spaced apart clamping members 14, 16 either side of the
vessel. Pressing one of vthe actuators 22, 24 commences closure of the
elongate clamping members 14, 16. The user can stop closing of the clamping .
members 14, 16 at any time by pressing one of the actuators 22, 24. Whilst
the clamping members 14, 16 are closing, .blood flow sensor 30 is
continuously monitored by_thé microcomputer. Once a predetermined blood
flow rate is sensed, the microcomputer stops closure of the elongate clamping
members 14, 16, souhds the alarm or buzzer, displays a message on the
display 32, and ceases supply of power tc.)ithe micro-motor 58 to conserve
power in ,béttery 60. Micro-gearbox 62 ensures that the clamping members

14, 16 are locked in position and cannot move. Upon hearing of the alarm

and/or viewing the message on the dispiéy 32, the user releases the clamping

device 10 whilst connected to the blood'vessel~1l8_.
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~ The microcomputer continues to monitor the blood flow sensor 30, the

actuators 22, 24 and the communication port in real-time. If the blood flow rate
increased or decreased beyond the desired rate at any given time during the
procedure/operation, the microcomputer causes thé micro-motor 58 to adjust -
separation of the clamping members 14, 16 to maintain the desired flow'rate,
This adjustment is carried out in a few milliseconds. » | |

At the conclusion of the procedure/operation, the user pressés one of
the actuators 22, 24 a'n'd the microcomputer opens the clamping members 14,
16 using micro-motor 58 to enable detachmen_t‘, of the device 10 from the
blood vessel. o o | .

The surgical clamping device 10 exchanges control and data signals
through wired and/or wirele_ss serial communications.. The device 10 can

‘communicate with an appiicator as described hereinafter and/or an external
computer through the wired and/or wireless communication means.

Referring now to FIGS 10A and 10C, according- to another aspect of
the present in\)ention a tool in the form of an applicator 76 is provided for use
with the surgical clampung devnce 10. Applicator 76 compnses a body 78 -
which forms a handle for holdmg by a user. Body 78 contains an embedded
microcomputer 79 compnsmg a low-power microcontroller, on-board memory

-and digital and analogue input/output ports, similar to such features described

above in relation to the surgical clamping device 10 with reference to FIG 6B.
The microcomputer ‘_79'of,applic'ator 76 executes comiputer implemented code
stored in the memory and controls operation of the applicator 76. The‘
microcomputer circuit is assembled onto two small multilayer printed circjuit
boards mounted within the body 78 of ‘t_he applicator and is powered by an

~ internal battery 81.

Appllcator 76 comprises an output devuce in the form of a graphic micro.
LED display 80 coupled to be in communication with the microcomputer of the
applicator 76 to display system messages, operation instructions, sensory
data, battery information, dIaQHOStIC data, and other relevant information for v

effective user interaction. Applicator 76 comprlses input devices in the form of .
four push buttons 82, 84, 86, 88 and a directional controller 90, such as a

joystick or roller ball, which are coupled to be in communication with the

micrdcomputer of the applicator 76 to control distal extension and retraction of
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telescopic erm 92 of the epplicater 76 as well as positioning control of a
surgical clamping member 10 attached to a distal end of arm 92, as shown in.
FIGS 10B and 10C. '

Arm 92 comprises a cylindrical sleeve member 94, a proxnmal end of
which is attached to body 78. Arm 92 also comprises an elongation member
96, which is housed within cylindrical sleeve member 94 in a retracted state.
FIG 10A shows arm 92 with elongation member 96 in an extended state.
Abpli'cator 76 comprises a pan tilt head 98 coupled to a distal end of .
elongation merﬁber’ 96. Pan tilt head 98 comprises an interface. 100 for
coupling surgical clamping device 10 to the pan tilt head 98 \)ia mdunting
member 64 of the clamping device 10 and thus to the distal end of arm 92 as |
shown in FIGS 10B and 10C

Appllcator 76 comprises a linear actuetor 93 housed in body 78 and/or
in cylindrical sleeve member 94 which controls the elongation of member 96.
Linear actuation can be achieved via any known mechanism that enables
linear movement of member 96 relative to sleeve member 94. As shown in

- .FIG 10A, the elongation member 96 can slide freely-in and out of the sleeve

member 94,
As shown in FIG 10C, a Iocking mechanism 95 is incorporated in .
cylindrical sleeve member 94 to prevent elongation member 96 from sliding

~out of the sleeve member 94 completely. In some erﬁbodiments, the

maximum extension of elongation member 96 is half of the total length of
cylindrical sleeve member 94. The length of the cylindrical sleeve member 94
and elongation member 96 can be selectable from a plurality of predetermined

lengths.

One or more micro-motors 97 'a‘re included in pan tilt head 98 and/or
elongation member 96 to control the orientation and position of the surgical
clamping device 10 attached to the head 98. With additional reference to FIG
10D, pan tilt head 98 comprises_ a frame 102 supporting a ball member 104,
which can pan and tilt'relative to the frame 102, as illustrated by FIG 10B,
which shows the surgical ‘clampihg device 10 attached to ball member 1 04
inclined to the vertical, and by FIG 10C, which illustrates the surgical clamping
device 10 inclined to the vertical and angled to the left relative to a longitudinal
axis of the applicator 76. The movement of the pan tilt head 98 ie controlled
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via software stored in memory executed by the microcomputer 79 of the
applicatpr 76 in response to inputs by the user via push: buttons 82, 84, 86, 88
and/or directional controller 90. The pan tilt head 98 allows the surgicél
clamping device 10 attached thereto to be manoeuvred at different angles and
positions, as shdwn in FIGS 10B and 10C. 'Both,the elbngation member 96
and the pan tilt hea‘d 98 enable the device 10 to be operated at a distance in

‘range of different locations within the animal or human body.

Interface 100 has an electromagnetic system which is controlled by the
microcomputer. Interface 100 can be magnetized and de-magnetized using
one or more of the push buttons 82; 84, 86, '_88 on the body. 78 of the

. applicator 76. When the user wants to connect the applicator 76 to a surgical

clamp 10, one of the push buttons 82, 84, 86, 88 is dépress_ed to magnetize
interface 100 causing the interface 100 to be attracted towards mounting

- member 64 of surgical clamping device 10. Referring to FIG iOE, during the

magnetization phase, the rounded shape of interface 100 has a
complementary shape to mo_unting member 64 thus-enabling the applicator to

_ interlock with mounting member 64 of the surgical clamping device 10, as
~ shown in FIGS 10F and 10G. After adjusting'th'e position and' orientation of

the clamping device 10 via the directional controller 90, the user disengages
the surgical clamping device 10 from the applicafor 76 by depressing one of
the push buttons 82, 84, 86, 88 to disable generation of the electromagnetic
signal.’ ' o
| Applicator 76 can be made from any' material or combination of

materials suitable for éurgical applications.. For example, body 78, cylindrical

sleeve member 94, elbngation membe_r 96 and pan tilt head 98 can be made
of plastics materials such as, but not limited to polycarbonatés, polyesters, -
polyamides, homopdlymer propylene and acetal copolymer or other known
materials.. Interfface 100 can be made of any material with magnetic
properties. | | ' |

~ With reference to FIG 11, another embodiment of the applicator 76
comprises an arm 92 which is flexible enabling the user to shape the arm 92
to the desired configuration for improved ease of access for many'different

' abplications. In this embodiment, arm 92 can be constructed from any suitable o
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material, or combination of materials, that __allow the shape of the arm to b'e‘

- changed and the changed shape to be maintained for the application.

In use, a user rhanually attaches surgical clamping device 10 to the

_ applicator 76 via mounting member 64 on end wall 66 of the clamping device

body‘ 12 and interface 100 of panftilt head 98 the applicator 76. Attachment is
defectéd automatically through exchange of signals between the' clamping
device 10 and the applicator 76 causing activation of the electromagnetic
system "to secure the clamping device 10 to the applicator- 76. The
electroma‘gnetic'system can be also activated and deactivated by the Liser by
pressing one of the push buttons 82, 84, 86, 8 8 on the applicator body 78 at
any given time.

Once the electromagnehc system is actlvated control of the clamping
device 10 is managed through the push buttons 82,’ 84, 86, 88 and the
direction controllver 90 of the applicator 76. Information from the blood flow
sensor array 30 is relayed to the applicator 76 from the clamping device 10 in
real-time through the serial communication ports.

The clamping device 10 is brought into the.vicinity of the' blood vessel
via the applicator 76 and manoeuvred via the dit_eétion controller 90 until the
elongate clamping members 14, 16 are around the vessel. Closure of the
cIamplng members 14, 16 is controlled by push buttons 82, 84, 86, 88 on the .

'appllcator 76. Blood flow sensor 30 in the device 10 monitors blood flow

during clospre- as described above. Microcomputer 79 of the applicator 76
stops closure of the clam'pihg fnembers 14, 16 once a predetermined blood
flow rate is sensed, sounds an alarm in the applncator 76, dlsplays a message
on the display 80 of the applicator 76, and ceases power to the micro-motor
68 in clamping. devnce 10. ' ' .

Upon hearing the alarm and/or viewing the message on dlsplay 80, the
user deactivates the electromagnetlc system of the appltcator 76 whilst the
ciamping device 10 is connected to the blood vessel. The microcomputer 54
of the clamping device 10 resumes control and continues to monitor the blood
flow sensor 30. ' | . | ' |

If the blood flow rate increases or decreases beyond the desired rate at

any given time during clamping, the microcomputer 54 adjusts the separation
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of the clamping members 14, 16 to maintain the desired flow rate as

" .described above

At the conclusron of the procedure/operatlon the user- posrtrons the
interface’ 100 of panftilt head 98 of the applicator 76 near the mounting

‘member 64 of clamping device 10 and couples the clamping device to the

applicator 76.The user presses one of push buttons 82, 84, 86, 88 on

"applicator 76 to open clamping members 14, 16 to detach the clamping device

10 from the vessel.
Referring to FIGS- 12A and 12B, a smart surgical micro-clamping
device 110 is shown comprrsmg a substantrally cylindrical body 112 and a pa|r

~ of elongate clamping members 14, 16 extending from the body for clampmg a
capillary. Clamping members 14, 16 comprise soft cushioning layers 52 to

help minimise trauma to the capillary. Body 112 comprises a mounting guide
114 and electrodes 116, 118 for coupling the micro-clamping device 110
physically and electrically to a micro-clamping applicator which will be
described in further detail hereinafter. In one embod_iment, micro-clamping
device 110 comprises four electrodes, only two of which are visible in FIGS
12A and 12B. Body 112 houses all internal components of the deliice 110 and
supports the elongate clamping members 14,> 16. FIG 12A shows the
clamping members 14, 16 in a closed‘position and Fl'G 12B shows the
clamping members 14, 16 in a partlally open posmon Clamplng members 14,
16 comprise, or are coupled to, a respective mount 53 that moves along
tracks 55 and through one or more apertures 57 in body 12 to facilitate
movement of the elongate clamping members 14, 16. ”

With reference to FlG 12C, surgical micro-clamping devrce 110
comprises an embedded blood flow sensor array 30, a linear mrcro-actuator
120, actuation arms 122 for moving elongate clamping members 14, 16 and a
coupling member 124 to couple the micro—_clamping device 110 to the micro-
clamping apolicator Lirrear vmicro actuator 120 actuates the clamping
members 14, 16. In some embodiments, linear micro- actuator 120 comprises
a cavity or hollow core with an internal thread and a threaded rod inside the
cavity. The threaded rod comprises coupling member 124 at one end and

actuation arms 122 at'an opposite end.
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In some embodiments, coupling member 124 eomprises a cross-
shaped recess 125, as shown in FIG 12D. However, other shapes of recess

can be used, such as triangular, square, or hexagonal. Coupling member 124 .

is accessible at an end of the body 112 opposite clamping members 14, 16

- and enables data messages in serial form to be transmitted to and received

from the surgical micro-clamping device 110 and the micro—clamping device
110 to be fully operated through the micro- clampmg applicator. Coupling
member 124 comprises a mounting platform 129 and electrodes for sighals
and power and a ground electrode (not shown).

With reference to FIGS 13A-E, coupling member 124 of the threaded
rod_couples to and is driven by a connecting rod 126 of a micro-clamping

applicator 128. Connecting rod 126 comprises a protrusion 127 having a

shape complementary to the shape of the recess 125 in coupling member
124.'Mounting guide 114 on body 112 aligns with and is received within
recess 130 in arm 92 of the micro-clamping applicator 128 to ensure the

‘micro-clamping device 110 is mounted to the micro-clamping applicator in the

correct orientation. Electrodes 116, 118 of micro-clamping device 110 couple
with respective electrodes 117, 119 of arm 92 of the micro-clamping applicator
128 to provide power to micro-clamping device 110 whilét coupled to the
applicator 128. Rotational motion of connecting'rod 126 is converted to linear
motion of the th.'readed rod, which is connected to the actuation arms 122
Which open and close the clamping members 14, 16.

Blood flow sensor array 30 continuously momtors the blood flow rate in
the capillary in between the clampmg members 14, 16 and transmits the
information to the microcomputer of the applicator 128 for monitoring, logging,
or control actions whilst the micro- clampmg device 110 is coupled to the
appllcator 128. '

- Due to the threading mechanism of the linear micro-actuator 120, the
threaded rod is not able to move upon detachment of the connecting rod 126
of the micro-clamping applicator'128 ensuring that the clamping members 14,
16 do not open or close beyond the set position during the operetion.

At the conclusion of the operation, the micro-cla‘mping applicator 128 is
re-attached to the micro-clamping device 110. Connecting rod 126 rotates in )
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an opposite direction enabli’ng the threaded rod to move in the oppoeite
direction resulting in the opening of the clamping members 14, 16. :
' The surgical micro-clamping device 110 can be made from any
material or combination of.materials suitable for surgical applications, as
described herein in relation to other embodiments. ) _
The micro-clamping applicator 128 shown in FIGS 13A-E can have a
similar configuration to the applicator 76 deseribed in previous embodiments.
Micro'—clam}ping applicator 128 comprises body 78 providing a handle for the
user, an embedded mierocemputer 79 comprising a 'Iow-pdwer §
microcontroller, on-board memory and 'digital and analogue input/output ports.
Microcomputer 79»-'_ executes computer implemented code. stored in the
memory and contrels operation of the apblicator 128,in response to input from
the user and/or feedback from the sensors‘. The microcomputer circuit can be

assembied onto two small multilayer printed circuit boards mounted within the

body 78 of the epplicator 128 and is powered by an internal battery 81.

Output device in the form of graphic micro LED display 80 is provided
on body 78 to display system messages, operation instructions, sensory data,
battery information, diagnostic data, and other relevant information for
effective user interaction. Body 78 comprises input devices in the form of push :
buttons 82, 84, 86, 88 and directional controller 90 in the form of a joystiek or
roller ball to control distal extension and retraction of connecting rod 126
located within cylindrical sleeve member 94 ‘6f arm 92 mounted to body 78. .

Micro-clamping app.licator 128 comprises a micro-motor 132 coupled to
the microcemputer 79 and an actuation mechanism 134 coupled to the micro-
motor 132. In some embodiments, the actuation mechanism is a threaded-
nut-and-lead-screw actuation mechanism wherein a shaft of the micro-motor
132 comprises a lead screw and the inside of a connecting rod 126 is
threadved. The micro-motor 132 and actuation mechanism 134 can be housed
in the body 78 and/_or in the cylindrical sleeve member 94. ln_restnSe_to
inputs  from ‘the user, the microcomputer 79 controls movement of the
connecting rod 126 via micro-motor 132 and actuation mechanism 134.
Connecting rod 126 cah be rotated bi-directionally in a c_:lockwise_ or

anticlockwise direction and can be extended or retracted whilst rptatihg.
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’Micro-clamping applicator 128 comprises an electromagnetic system
which is controlled by the microcomputer 79. Connecting rod 126 can be
magnefized and de-m‘agnetized by the user using the push buttons 82, 84, 86,
88. When the user wants to connect the micro-clamping appliéator 128 to
surgical micro-clémp 110, the microcomputer 79 automatically detects the
mounting by employing a conductance test through the electrodes 117, 119 in

“ the cylindrical sleeve member 94 of arm 92 and electrodes 116, 118 in the

body 112 of the micro- clamping device 110. The electromagnetic systefn is
activated by the microcomputer 79 thus securing the mucro-clamplng device
110 into the micro-clamping appllcator 128. Once the electromagnetlc system
is activated, control of the micro- -clamping device 110 is managed through
push buttons 82, 84, 86, 88 and directional controller 90 of micro-clamping
epplicator 128. Micro-clamping device 110 is manoeuvred into position around
the blood vessel and clamped thereon as described above. Information fr'om
the blood flow sensor array 30 is relayed to the micro-cvlamping applicator 128

‘ from the micro-clamping device 110 in real-time through electrodes 116, 117,

118 119.

The electromagnetlc system is de- activated by the user and the blood
flow sensor 30 no longer receives power from the micro-clamping applicator
128 and is no longer monitored by the microcomputer 79 of the applicator.
The appllcator 128 can be disconnected from the micro-clamping device 110
by retractmg connectmg rod 126, dlsconnectmg electrodes 116, 118 from
electrodes 117, 119 and by dnsengaglng mounting guide 114 from recess 130.

At the conclusion of the procedure/operanon the user posmons
connecting rod 126 of applicator 128 near coupling member 124 of micro-
clamping _devi_ce 110 and extends connecting rod 126 for engagement with
coupling member 124. A rear portion of body 112 'is received within cylindrical
sleeve member 94 such that elect}rOdes 116, 118 reconnect with electrodes
117, 119 and mounting guide 114 engages with recess 130. The
electromagnetic system is re-activated by the microcomputer 79 to enabl'e

opening of clamping members 14, 16.

In view of the foregoing; it will be understood that, generally, .

embodiments of the present invention relate to surgical clamping devices that

~constrict or occlude blood flow in blood vessels during, for example, cardiac
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~and general vascular surgery. This is achieved in at least some embodiments

through the use of MEMS and/or Coriolis technology incorporated in the
clamping device, which enablés the elongate clamping' members to sense the -
rate of blood flow through the respective blood vessel. The rate of biood flow
is determined via a microchip/microcomputer circuit located internal or
external to the surgical clamping device. When the blood flow has been
occluded or constricted to the desired lévél; a braking system or limiter
prevents the user of the device from tightening the elongate clamping
members any further.

In view of the foregoing, it will also be understood that,  generally,

" embodiments of the present invention also relate to tools for use with the

improved surgical clamping devices. The tools, in the form of applicators 76,
128 as described herein, can bé connected to, and disconnected from,
s.urgical clamping devices 10, 110. Whilst connected, the improved surgical
clamping devices can be maneuvered and controlled by the applicators, which

- enable the surgical clampivng_devices 10, 110 to be used and controlled in

regions that are difficult to reach, such as deeper body‘ cavities, or are
obstructed. v
Hence, another aspect of the invention is a surgical clamping kit

comprising one or more of the surgical clamping devices 10 and one or more

~ applicators 76 or one or more of the sufgical clamping devices 1 10 and one or

more applicators 128. ‘ .

It will be appréciated that combinations of the embodiments described
herein fall within the scope of the present invention. For éxample, it is
envisaged that one or more of the features of the erhbodiments described
above with reference to FIGS 1 to 5C can be combined with one or. more of
the features of the embodiments described above with reference to FIGS 6A
to 13E. For example, in the embodimenté described above with reference to
FIGS 6A to 13E, clamping members 14, 16 can be made from a flexible
material allowing the shape of the clamping members 1‘4, 16 to be adjustéd. In
éuch embodiments, alternatively or additionally, the angle bf the clamping
members 14, .16 relative to' the body 12 can be adjustable. Clamping

members 14, 16 can alternatively or additionally. comprise one.or more of the

projections 40, recesses 42, inclined portion 44 and/or magnifying_device 50.
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. Hence, embodiments of the present,inventioh p_revide_ solutions for

alleviating at least sofne of the broblems of the prior art. Embodiments of the

| “improved surgical clamping devices 10 comprise elongate clamping members
14, 16 having an adjustable shape enabling the clamping members to be

shaped according to the blood vessel being clamped and/or according to the |
s-Urg‘icaI procedure being performed.v,_Embod_iments. of the improved surgicel
clamping devices 10 comprise elongate clamping members 14, 16 wherein
the angle of the clamping members relativevto the body 10 is adjustable in a
vertical and/or honzontal plane These embodiments enable the improved

- surgical clamplng dewces 10 to be suitable for use in a wider range of surgical
' procedures and for a wider vanety of types, calibres and masses of blood

vessels. For example, a single embodiment of the |mproved surgical clamping
device described herein can be suitable for eonstricting and occluding blood
flow in blood vessels having a diameter in the range of about 0.2mm to about

7.0mm. Hence, the need for an extensive range of clamping?devices

applicable to only a few proeedures is obviated.
Embodiments comprising the blood flow sensor and/or mass sensor

enable the level of constriction of the blood vessel and the point at which the |

blood vessel is occluded to be accurately detected. This prevents excessive

pressure from belng applled to the blood vessel whilst ensuring that occlusmn
has occurred before commencing with "the next stage of the surglcal
procedure Similarly, the blood flow sensor enables the resumption of blood .
flow to be accurately controlled after the procedure has been carned out. The
blood flow sensor and/or mass sensor also enable the calibre of the blood
vessel to be assessed. Hence, the risk of surgical procedures can be reduced.
The risk associated With clamping veins/arteries/capillaries is also reduced by
the provision of the projections 40 and recesses 42 which prevent the
clamping members closing beyond a predefined iimit and thus from exerting
an excessive pressure on the vem/artery/caplllary '
The provision of a non-slip coating or Iayer 34 on one or both of the
elongate clamping members 14, 16 prevents the blood vessel 18 from sliding -
from a clamping surface of the elongate clamping members, thus prov'iding
greater control during the surgical prbcedure. Features such es.the channel
36,. the invclined surface'44, the enlarged wall 46 and the magnifying device 50
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~-also fadilitate quicker and more accurate location of the blood vessel and/or

more reliable clamping of the blood vessel corhpared, with at least some of the
prior art clamping devices. '

Embodiments comprising detachable elongate clamping members 14
16 provide an improved surgical clamping kit which is adaptable to a wide
range of surgical procedures and the clamping of a variéty of blood vesséls.
The detachable elongate c|émping members can be single use or reusable |
and can'_be selected aS required for the particular procedure. Embodiments
comprisihg the body 12 héving a controller 20, and in particular the MEMS
fabricated body, prpvide a reusable body fhat can accuratély control the
separé_tion of, and_' thus the preésure éxerted by, the elongate clamping

, members. The body can be detached once the désired‘plampihg préssure has

-been attalned and re-attached to the elongate clampmg members to release.

the elongate clampnng members and resume blood flow.

Provision of an output device 32 such as an LCD screen or seven
segment display, provndes the user w|th an instant |nd|c_at|on of the blood flow,
irrespective of whether the output device 32 is provided on the improved
surgical clamping device 10 or as part of a separate medical monitoring
device. Wireless communication avoids the need for'external cables or wires
that may snag on other objects during surgical procedures.

Applicators 76, 128, enable the surgical clamping devices 10 110to be

‘used and controlled at a distance, for example, in regions that are difficult to

reach, such as deeper body cavities, or are ‘obStructed.

” o« n o«

In this specification, the terms “comprise”, compnses comprising” or

similar terms are intended to mean a non-exclusive inclusion, such that a

. syStem, method. or apparatus ‘that comprises a list of elements does not.

inc_iude those elements solely, but may well include other elements not listed.
" Throughout the specification the aim has been to describe the

~ preferred embodiments of the invention without limiting the invention to any
30

one embodiment or specific collection of features. It is to be appreciated by
those of skill in the art that various modifications and changes can be made in
the particular embodiments exemplified without departlng from the: scope of

the present invention.
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CLAIMS

A surgical clamping device comprising:
a body.ﬁ
a pair of clamping members extending from the body; and -

. an electronic controller housed within the body and coupled to
control movement of at least one of the clamplng members to control a
pressure exerted by the clamplng members on a blood vessel clamped
therebetween.

: vThe devrce of claim 1, comprising:

a mlcro-motor coupled to the controller;
- a power supply coupled to the micro-motor and the controller‘
and ' , v |
a micro-gearbbx coupled to the micro-motor -and'to at least one

of the clamping members.

The device of claim 1 or 2 wherein the clamping members are one or'_

more of the following: elongate tapered

The .dev.ice of any preceding claim, wherein the body comprises at least

one actuator coupled to the controller wherein actuation of the at least

one actuator causes the controller to increase or decrease the pressure

exerted by the clamprng members

The device of any preceding claim, wherein the body comprises a first
pair of opposed actuators coupled to the controller wherein actuation of
the first pair of opposed actuators causes the controller to increase the

pressure exerted by the clamping members

The device of any preceding claim, wherein the body comprises a
seeond pair of opposed ‘actuators coupled to the cpntroller wherein
actuation of the second pair of opposed actuators causes the controller
to decrease the pressure exerted by the clampi.ng members. |

PCT/AU2011/001319
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13

14.

36

. The device of ahy preceding claim, comprising at least one blood flow

sensor mdunted to at least one of the clamping members to detect blood
flow in the blood vessel. '

The device of claim 7, wherein the clamping members either side of the
blood vessel are locked in place once the at least one blood flow sensor .
detects that blood flow has been occluded or constricted to the desired -
extent.

The device of any preceding claim, comprising an output device for
displaying information relating to the device, including an indication of the

blood flow measured by at least one blood flow sensor.

The device of any preceding claim, comprising at least one sensor

‘mounted to at least one of the clémping members tb_ detect one or more

of the following characteristics of thé blood vessel clamped between the
clamping members: a calibre of the blood vessel;’a thickness of a wall of

blood vessel, a mass of the blood vessel.

The d_evicé of claim 10, wherein the controller adjusts a preésure applied
by the clamping members according to the detected calibre, w_a‘ll

thickness or mass.

The device of any preceding claim, wherein one or ‘more of the clamping
members comprises one or more of the following on at least pa'rt thereof:

a non-slip coating; a soft cushioning layer.

The device of any preceding claim, wherein one or more of the clamping

members comprise a channel for receiving the blood vessel.

¢ -

The d.evice of claim 13,'wheréin the channel comprises a ce'ntralvridge., -

PCT/AU2011/001319
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16.

17..

18.

.19,

20.

21..

_ ratchet mechanism or gearing mechanism for securing the elongate

22.

23,

37

The device of any preceding claim, wherein at least one of the clamping
members comprises a projection aligned with a recess in the other
clamping member to determine a minimum separation’ for the clamping

members.

The .device of. any/preceding claim, wherein the body comprises an

arcuate platform for receivihg the blood vessel.

The device of ahy preceding claim, wherein the clamping members are
‘made from a flexible material - allowing “the shape of the clamping
‘members to be conformed to a blood vessel to be clamped.

The device of any preceding claim, wherein the clamping members are
integrally formed with the body or are detachable from the body.

The device of any preéeding claim, wherein the clamping members are
adjustable relative to the body in a vertical plane and/or a horizontal

plane plane.

The device of claim 18 or 19, wherein the clamping members Qccupy
one of the following: a plurality of predetermined angles relative to the -
body; any position within a predetermined range of angles.

The device of any of claims 18 to 20, wherein the body comprises a
clamping members at the predetermined angles.

The device of any preceding claim, wherein a length of the elongate
clamping: members is selectable from a plurality of predetermined

lengths.

The device of preceding claim, wherein the controller is implemented via

a micro—eiectro—mecha‘nical-system (MEMS).

PCT/AU2011/001319
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25.

26,

27.

28.

29.
30.
. member to-couple the device to an applicator for controlling the device.

31.

32.

38

The device of any preceding claim, wherein the elongate clamping
members and/or the body are disposable or are reusable. - ’

The device of any preceding claim, corriprising a magnifying device

coupled to the bady or one of the clamping members.

The device of any preceding claim, wherein at least one clamping
member comprises an inclined portion for receiving a blood vessel. ‘

The device of any preceding claim, wherein the body comprises a

~ mounting ‘member for coupling the device to an applicator.

A surgical clamping device comprising:

a body; | ‘

a pair of clarhping members extending from the body; and ‘

an actuator housed within the body and coupled to control
movement of at least one of the clamping members to control a pressuré
exerted by the clamping members on a blood velsséll clamped
therebetween.. |
The device of claim 28, comprising at least one actuator arm coupled
between the actuator and at least one of the clamping members.

The device' of claim 28 or 29, wherein the actuator comprises a coupling

The device of any of claims 28 to 30, wherein the body comprises one or

more of the following: one or more electrodes for connection to

~respective electrodes of an applicator; a mounting guide for alignment

with a recess of an applicator.

The devicé of any of claims 28 to 31, comprising one or more of the

following‘:

PCT/AU2011/001319
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33,

34.

35,

. 36.

37

39

at least one blood flow sensor mounted to at least one of the

" clamping members to detect blood flow in the blood vessel,

~anon- slip coatmg on at least part of one or more of the ciamplng |
members
a soft cushiomng layer on. at least part of one or more of the

" clamping members.

An applicator for use with the surgical clamping device as claimed in any

one of the preceding claims.

An applicator for use with. a surgical clamping dewce the applicator
compnsmg
. a body housing at least one input device, at least one output
device and a microcontroller coupled to the input and output devices; ’
~an arm connected to the body at a proxumal end; and
a head at a distal end of the arm for connection to the surgical
clamping device, the head in communication with the microcontroller.

The applicator of claim 34, wherein the arm comprises a_cylindrical
sleeve member  connected to the body and an elongation member

housed W|thin the cylindrical sleeve member

" The applicator of claim 35, comprising a linear actuator for controlii'ng

extension and retraction of the elongation member relatlve to the‘

cylindrical sleeve member.
The applicator of claim 35 or 36, comprising a locki‘ng mechanism in the
cylmdncal sleeve member to prevent the elongation member from sliding

out of the sleeve member..

The applicator of any of cleims 34 to 37, wherein the head comprises a

~ frame supporting a‘ball member which can pan and tilt relative to the

 frame.

PCT/AU2011/001319
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40.

41.

42.

43.
44.

45.

46.

40,

The applicatqr of claim 38, wherein the ball member comprises an |
interface for coupling the surgical clamping device to the head.

The appllcator of any of claims 34 to 39, comprising at least one micro-
motor in the head to control the orientation and posmon of the surgical

clampung devace attached to the head.

The app»lricator of any of claims 34 to 40, wherein the arm is flexible.

An applicator for use with a surgical clamping device, the applicator

comprising: . _
' a body housing at least one input device atvleast one output
devnce a micro-motor and a microcontroller coupled to the lnput and
output devnces and the micro-motor, | '
- an actuation mechanism coupled to the micro—motor‘

an arm connected to the body at a prommal end; and

a connecting rod housed within the arm, a proximal end of the
connecting rod couple_d to the actuation’ mechanism and a distal end

connectable to the surgical‘ clampih"g device.

The applica_toerf claim 42, wherein the connecting rod can be rotated bi-

directionally in a clockwise and anticlockwise direction.

The applicator of claim 42 or 43, wherein the connecting rod can be

extended and retracted.

The applicator of any one of cleims 42 tor 44, wherein a distal end of the

‘arm comprises one or more of the following: one or more electrodes for

connection with respective electrodes of the surgical clamping device; a

recess for receiving a mounting guide of the surgical clamping device.

‘The applicator of any. of claims 34 to 45, comprising an electromagnetic -

system controlled by the microcontroller for controllin_g connectipn and

disconnection of the sufgical clamping device and the applicator.

PCT/AU2011/001319
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47. ‘A surgical clam‘ping device comprising a body and a pair of elongate
clamping members extending from the body, wherein a shape and/or_ '

an éngle of the elongate clamping members is adjustable.



