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. TILE o
'SURGICAL CLAMPING DEVICES AND TOOLS FOR USE THEREWITH

FIELD OF THE INVENTION

The present invention relates to surgical clamping devrces and tools for

use therewith. In particular, but not exclusrvely,_ the present invention relates

to d_e,Vices for constrictiné and/or occluding bldod flow in blood vessels, su;:h

as veins, arteries and capillaries in humans and animals. The present
invention also relates to tools that can be used with the surgical clamping.
devices. '

BACKGROUND OF THE INVENTION
Durlng many surgacal procedures it is necessary to temporarlly 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.\/ein
or artery, or either sid'e of body tissue. comprising the vein or artery, and the
clamping members are biased towards each other to hold the veln artery or .

body tissue therebetween. Biasing is typlcally achieved via a spring, a

ratchetlng 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 available from-manufacturers in

'arange of sizes suited to clarr\ping blood vessels_.rahgihg from about 0.2mm
. to about 12.0mm. Some clamps have a pre-set clamping tension for ea_ch-

respective clamp size, while other_larger clamps are manually operated using

‘a ratcheting clqsure 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 Idwer clamping force in an effort to avoid d.amage to th'e respective blood
ve‘ssele. Conv.e'rsely,'larger' clarhps .comprisé longer clamping rhembers and -
stronger springs, which exert a higher clamping force to constrict or occlude
blood flow in larger blood vessels. Such clamps can be single Clarrmps' orapair
of clarnps mounted to a rod or pin and spaced apart for ela'mping two different

" locations of a single artery.
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For other types of surgery, the pair'of elongate clamping members is
provrded at the end of a parr of elongate handles such as wrth forceps such
that clamprng wrthln a body cavity can be achreved more easily. In this

“example, the clamping members are typicaily retarned in one- of a plurality of

predetermined separation positions via a releasable ratchet mechanism.
_One disadvantage with the aforementioned prior art clamping devices

~ is that the force exerted on the vein, artery or tissue by the clamping members

can-vary quite significantly. This will depend on the size and type of ciamp'

-used, the size and type of spring or other biasing means employed, the type
 of vein or artery being 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 Ieading to potentially life-
threatening cornplications. Example's_ of such complications -include
thrombosis, which is caused as a result of damage to the blood vessei at the
pornt of clamping, and heart attacks or strokes caused by dislodgement of
plaque material at the clamping site. '
Often the pressure exerted by the clamprng members is non- unrform
along their length resulting in a pressure gradient. Many clamps apply greater -

"pressu're at the approximate location of the blood vessel being clamped with
- less pressure being applied at the distal'iocation of the blood vessel causing
" damage to the blood vessel as a result of uneven pressure being applred to

the blood vessel.

Another drawback of the conventional surgical clamps and |n particular
the manually operated ciamps 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 _singie 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. Furthermore, a particular size of clamp may be
suitable for exerting an appropriate level of force on a particular artery in onel

' patient, but this may be excessive or insufficient for the same artery in the
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same procedure in a different patient, for example due to varyrng levels of
plaque build up between patients.

~ Metal surgical clamping devrces can be sterilized and reused, Wthh'
addresses to an extent the cost assocrated 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 mfectlon Metal surgical clamps also tend to Iose '
clamping tension due to repeated use.

Various attempts have been made to allevrate at least some of these
problems. For example European Patent No. EP 1 562 492 dlscloses an
apparatus for the detection and occlusion of blood flow comprising a pair of
elongate clamping members for clamping tissue comprising an artery. The
apparatus is similar to a pair of forceps and «compn‘ses a releasable ratcheting
mechanism to maintain préssure between the clamping members. One of the -
clamping members comprises a blood flow detectlng sensor to facilitate the
location or. monltonng of the artery to be ‘'occluded. The senisor 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 EP1562 492 is particularly suited for occludlng blood -
- flow in uterine arteries. However blood flow is still dependent on and

controlled by the manual adjustment of the releasable ratcheting mechanlsm
by the nurse or ‘surgeon, thus still requiring the necessary skill and care in
applying the correct pressure for the particular procedure, the partlcular region .
of the body and the particular patient. Furthermore,"the blood flow detecting
sensor is coupled to a éensor control device l_/ia 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 cavrtles is requrred
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Other clamping or ochusron devrces 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‘these documents exhibit one or more of the
aforementioned problems. | o _ _

The reference to any prior art ln,this specification is not, and should not |
be taken as, an acknowledgement or any form of s'uggestionthat the prior art
forms part of the common general knowledge. i

- OBJECT OF THE INVENTION
It is a preferred object of the invention to provide an improved surgical

clamping device that addresses or ameliorates one or more of the
aforementroned problems of the prior art or provrdes a useful commermal

alternative.

. 1t is another preferred object. of the invention to provrde a tool for use

with the rmproved surgical clamping devrces

SUMMARY OF THE INVENTION
Generally, the present mventlon relates to surglcal clamplng devices

wherein a predetermrned clamprng force can be achieved arid/or the likelihood
of damage to the blood vessel belng clamped is mlmmlzed or at least reduced
compared with the prior art. Generally, the present invention also relates to

- tools for use with the surgical clamping devices.

Accordlng to one aspect the present invention resides.in a surglcal

clamprng device comprrsmg
" abody; and _ ,

‘a pair of elongate clamplng members extendlng from the body wherein
a shape of the elongate clamping members is adjustable

Preferably, the elongate clamplng members are made from a flexrble
materlal allowing the . shape of the elongate clamplng members to be
conformed to the blood vessel to be clamped. ‘

‘Suitably, the elongate clampmg members are mtegrally formed wrth the |

body.
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Suitably, the elongate clémping members .are detachable from the

Accordlng to another aspect the present invention reSIdes in a surgical

g clampmg device comprising:

a body; and ‘ .

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 relatlve to the

- body in a vertical plane.

Suitably, the elongate clamping members are adjustable relatlve to the

. body.in a horizontal plane.

Suntably, the elongate clampmg members can occupy one of a plurality

of predetermined angles relative to the body

Alternatlvely, the elongate clamping members can occupy any posmon

wuthun a predetermmed range of angles.

The body may comprlse a ratchet mechamsm or geanng mechanlsm

~ for secunng the elongate clampmg members at the predetermined angles.

In the aforementioned aspects, a length of the elongate clamplngl'

: members is selectable from a plurality of predetermlned lengths.

Accordmg to a further aspect, the present |nvent|on resides in a

| surgical clamping device comprising:

a body;, , . ,
a.pair of elongete clamping membefs 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

: clamplng members on a blood vessel clamped therebetween.

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

4control|er wherein actuation of the at least one actuator causes the controller

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

Suitably, the body compnses a flrst 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 elongate

clamping members.



10

15

20

25

30

WO 2012/048387 _ PCT/AU2011/001319

Suitably, the body comprises a second parr of opposed actuators

' coupled to ‘the controller wherein actuation of the second parr of opposed

actuators causes the controlier to decrease the pressure exerted by the
elongate clamplng members. . ‘ _
Suitably, the first pair of opposed actuators are perpendicular to the

- second pair of opposed actuators 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 clamplng members such that a pressure is exerted on the blood

‘vessel clamped therebetween sufficient to constrict or occlude blood flow as

required.

Surtably, the controller |s implemented via a micro- electro-mechanlcal- ‘
system (MEMS) _ _

Suntably. the’ elongate clamping members are .detachable from' the
body The elongate clamping members and/or the body may be dlsposable for
single use or may be reusable _

Suitably, at least one blood flow sensor is mounted to one of the

- elongate clamping members to detect blood flow in the blood vessel clamped

between the elongate clarping members. ,
Preferably the elongate clamplng members elther 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.

Suitably, the at least one blood flow sensor is |mplemented usrng
Coriolis technology _
Sultably, the at least one blood flow sensor is coupled to an output
device for displaying an indication of the blood flow via a wrred or wireless
link. | | N o

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

S'ui.tably, at least one sensor is mounted to at least one of the elongate
clamping members to detect a 'mass of the blood vessel clamped between the
elongate 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
aforementloned embodiments may comprise a channel for receiving the blood

‘vessel. One of the elongate clamping members may comprise a projection
\ allgned with the channel in the other elongate clamping members to securely_
~ clamp the blood vessel in position. '

Accordrng to another aspect, the present invention resrdes in an |

-applicator for use with a surgical clamplng device, the. appllcator comprising:

‘a body housrng at least one input device; at least one output devrce
and a microcontroller coupled to the input and output devices; '

an arm connected to the body at a proximal 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.

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

A linear actuator may control extensron and retraction of the elongatlon '
member relative to the cylindrical sleeve member

The head may comprise a frame supportlng a ball member which can
pan and tilt relatlve to the frame the ball member comprising an mterface for.
couplmg the surgrcal clamplng device to the head. ' '

Suitably, the arm of the appllcator is flexrble

Accordmg to another aspect, the -present invention resides in an

. applicator for use'llvith a surgical clamping device, the applicator comprising:

. abody housing at least one input device, 'at least one output device, a
micro-motor and a: mlcrocontroller coupled to the input and output devrces and
the micro- motor

an actuatlon mechanlsm coupled to the mlcro-motor
an arm connected to the body at a proximal end and
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a connecting rod housed within the arm, a proximal end of the

‘connecting rod coupled to the “actuation mechanism and a distal end

connectable to the surgical clamping device.

Preferably, the connectmg rod can be rotated bi- durectnonally in a:
clockwuseand anticlockwise direction end extended and retracted. -

Suitably, a distal end of the am corhprises 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 ¢ontrolling 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 understood and put into

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

present invention with reference to the accompanymg drawings, wherem like

reference numbers refer to |dent|cal elements The drawmgs are provided by'

- way of example only, wherem

FIG 1is a schematlc side vnew of a surgical clampmg devnce accordlng v
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 devuce
accordlng toa third embodiment showing flexible clamping members in a first -
arrangement; ‘

FIG 3B is a schematic plan view of the 'surgical clamping device of FIG
3A showing the flexible clamping members in a second arrahgement;

FIG3Cis a schematic plan view of the surgical clamping device of FIG

3A showihg 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 showing 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 i |n a fifth arrangement;

FIG4Ais schemetac plan view of a surgncal clampung device accordlng
to a fourth embodiment showmg clamplng members at different angles in a

horizontal plane;

FIG 4B is schematic side view of the surgical clamping device of FIG
4A showmg clamping members at different angles in a vertical plane '
“FIG 5A is a.schematic side view of a further embodlment of the surglcal

’clampmg device showing elampmg ‘members 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

. FIG 5C is a schematic siAde view of a further embodiment of the surgical |
clamping device comprising a magnifying device, output device and alignment |
recess; | -

FIG BA 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 surglcal clampmg device
of FIG B6A showung internal components of the device;

FIG 6C is an |sometr|c view of the surglcal ¢lamping device of FIG 6A
showing the elongate members in an open position; 4

FIG6D 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 5urgical clamping applicator, -

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

FIG 8is an lsometrlc vsew a surglcal clampmg devnce accordmg 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 dewce ‘ R .

FIG 9C is an end view of the surgical clampmg dewce of FIG 9A
showing a mountmg member of the dewce for connection to a surglcal
clamping applicator; A |

FIG 10A is an isometric view an surgiCaI clamping applicator accofdi'ng
to another embodiment of the present mventlon showing an arm of the
applicator in an extended posmon

FIG 10B is a side view of the surgical clampmg apphcator of FIG 10A
showing a mounted surgical clamplng device at an angle in vertlcal plane '

FIG 10C is a partially cut-away top view of the surg|cal clamplhg

- appllcator of FIG 10A showmg a mounted surgical clamplng 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 surgical

clamping device; .
FIG 10E is an isometric view of a mountlng member of the head
assembly of the applicator shown in FIG 10D;
FIG 10F is an isometric view of" th_e mounting member shown in FIG
10E coupled to the mounting' member for the surgical clamping device shown

" in FIG BE:

FIG 10G is a side view of the arrangem:e'nt_shown‘ in FIG 10F;
FIG 11 is a side view of a surgical clamping applicator comprising a

~ flexible arm for varying configu'rationS'

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

according to another embodlment of the present invention;

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

4 elongate members in an open position:

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

FIG 12D is an end view of the device of FIG 12A showing a mountlng
member of the device for connectlon toa surglcal micro- clamplng apphcator

FIG 13A is an |sometr|c view an surgical micro-clamping appllcator

according to a further embodlment of the present invention;
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-FIG 13B is an enlarged isometric view of a cylindrical eleeve member .
of the appllcator of FIG 13A for connection to a surglcal micro- clamplng
devrce : S ' , '
. FIG 13C shows the cyllndrlcal 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
‘ F.lG 13E is' an isometric view of the applicator of FIG 13A showing a

, surgic_al-micro-clamoing device mounted thereto.

Skilled addressees will appreciate that elements in the draWinge are
illustrated for simplicity and clarity and have not necessarily been drawn to
scale. For example, the relative dlmensmns of some of the- elements in the.
drawmgs may be distorted to help lmprove understandlng of embodlments of

the present invention.

DETAILED DES_CRIPTlON OF THE PREFERRED EMBODIMENTS
With reference to FIG 1, an improved surgical clamping device 10

eccording to an embodiment of lhe 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 oapillary 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 clamplng members. |

According to some embodiments, the body 12 compnses 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 Apressure
exerted by the elongate clamping members 14, 16. _

n the embodiment shown in FIG 1 two actuators 22, 24 are provided.
Body 12 compnses a first actuator 22 coupled to the controller 20 wherein
actuation of the first actuator 22 by a user 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 seoon'd 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 cl'ampingdmembers. Varying the: separation
between the elongate clamping members 14, 16 can be achieved by moving -
one or both of the eIongate 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 Within a'second wall 28 of

-the body. However, other configurations of the first and second actuators 22

24 are envnsaged depending on the size and shape of the body 12 and the'
particular procedure(s) for which the rmproved surglcal clamprng device 10 is-
intended. . _ '
According to some embodiments, the controller 20 and the components
to effect rnovement ”of' the elongate clamping membe.rs 14, 16 are

- implemented via a mlcro-electro mechanical- system (MEMS) as will be

descrlbed in detail herein. For example, movement of the elongate clamping
members can be effected by a mrcro-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'pr'e-prograrnmed and coupled to be in

communicet_ion with the elongate clamping members .1'4,' 16, controller-2'0,
actuators 22, 24, blood flow sensor 30 and one or more _otner'sensors, output
device 32, limiter and external patient monitoring device as described herein.
It will be apprecrated that the body 12 can also compnse a suitable power |
supply to power the components therein. '

The improved surglcal clamping device 10 further comprlses at least
one blood flow sensor 30 mounted to, or rntegrated with, one of the elongate
clamping members 14, 16 to detect blood flow in the blood vessel 18 clamped
between the elongate clamping members. The blood flow sensor 30 can be

_implemented 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 output device 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 device 32 is not
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p)

provided on the body 12 of the improved surgical clamping device 10. In such
embodiments, the output device of a conventional patient monitoring device
can be utilized with blood flow data being communicated to. the conventional
patient monitoring device wrrelessly ,

The blood ﬂow sensor 30 can be selected from sensors consrstlng of
pressure sensors, magnetic sensors, electrical sensors, optical sensors,
nuclear sensors, strain sen_sors.'stress sensors, acoustic sensors, 'ultrasound

. sensors, such as Doppler uitrasound sensors, electromagnetic radiation
- sensors, chemical sensors, thermal sensors Conohs micro flow sensors and

: combrnatrons thereof.

Although the blood flow sensor 30 is generally mdlcated m FIG 1 as -

being provrded along substantially the full length of the elongate clamping

members 14, 16, the positioning of’ the blood flow sensor 30-on.the 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 ’rhe 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 clamped between the elongate

4 .clamping me_rnbers. 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 walils to tnicken 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 Dopbier 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. o -
According to some embodiments, at least one sensor is mounted to at

- least one of the elongate clamping‘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 Iocation can vary between patients

| depending ona range 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 pressure requ_ired to occlude the same blood vessel can. \rary
between patients. Therefore, the controller 20 adjusts a pressure applied by
the elongate clamplng members 14, 16 according to the detected mass. of the
blood vessel. ' ' .

One or more of the elongate clamping members 14, 16 can compnse a
non-slip coating or layer 34 on at least part thereof to prevent the blood ‘vessel
18-from sliding from a clampmg surface of the elongate clamping members. In

| the embodlment shown in FIG 1, non-slip. coating or Iayer 34 is provided on

both elongate clamping members 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 ofr surface can be provided dn, 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 apblied thereto. As a further alternative, a
surface of the soft cushiening Ieyer can be treated to render it non-slip. |
_Referring to FIG 2, according to a sec'ond. embodiment, body 12
comprises a first pair of opposed actuators 22 mounted thereto and coupled to ‘

~ the controller 20 wherein actuation of the first pair of opposed actuators as

indicated by the arrows causes the controller 20 to increase the pressure
exerted by the elongate clamping members 14, 16. Body 12 also comprises a -
second pair of opposed actuators 2_4' 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 el‘ongate 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 operated' with the thumb and foref nger
of a user alternately to mcrease or decrease the pressure exerted by the
elongate clamping members 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 currént blood flow can be indicated by the output device 32 as
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described above such that the operator can increase or decrease the -
pressure via actuators 22, 24 as desired. .

~ The controller 20/MEMS mcludes 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 clamplng members

- 14, 16 exceeding the physrcal limits of the device 10.

With reference to FIGS 3A to 3B, accordrng to other embodrments of
the rmproved surglcal clamping devrce 10 the shape of the elongate clamplng' '

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

from a flexible material allowing the shape of the elongate clar_nping members
to be co'nformed to the blood vessel 18 to be clarnped FIG 3A shows the
elongate clamping members in a Ilnear arrangement as shown in the prevrous‘
embodrments FIG 3B shows the elongate clamprng members curved to the
right along substantially the whole length of the elongate clamprng 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 angte '
from that shown in FIG 3C. FIG 3D shows the elongate clamping members
14, 16 bent to the left aporoximately at a mid-point thereof, such that the

" elongate clamping members 14, 16 are at an angle of about 100°. The
- adjustable elongate clamprng members ‘enable the improved surgical
vclamprng device 10 to be adapted to a range of different blood vessels, a

range of different sizes of blood vessels, a range of dif_ferent locations within

- the animal or human body and o use in a range of different surgical |

30

" 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 procedures |

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 members 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 elong'ate

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 _prede_termined angles relative to the body
12. According to other embodiments, the elongate clampihg 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 thé central position. FIG 4B s_howé the

" elongate clamping members occupying three different positions in the same

vertical plane — a central position, a pbsition 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 ahglgs. For
example, in some émbodiments the elongate cIampinQ members may be able
to occupy any position 90° either side of the central posi_ti_on proViding a 180°
range of positions. The body may comprise a ratchet mechanism or gearing
mechanism. for securing the el.ongate clamping member§ 14, 16 at '_the
different angles relative to the body. Alternatively, a locking-mechanism can
be employed which Sécures the elongate clamping members at the desired
angle. | - o
Referring to FIGS- 5A:5C, one or more of the elongate clamping :
members 14, 16 of one or more of the aforementioned embodiments can
comprise a recéss 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. Acéording 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 ernbodiments and as shown in F IG 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

10
~_vessel 18 when the elongate clamplng members 14, 16 are closed together

15

20

25

_clamp the blood vessel 18 in position. The recess or. channel 38 curves in the

same direction as channel 36 and the und’erside‘_of channel 38 contacts the

“blood vessel 18 in channe! 36 and Vapplies pressure thereto to constrict or

occlude the blood flow. .
In other embodlments the channel 38 can be mverted such that
channels 36, 38 form a substantlally circular aperture that surrounds the blood

“In some’ embodlments the channel 36 and/or the channel 38 compnse -

the non-slip coating or layer 34 described above. |
'Accord_ing to some embodiments of the improved surgical clamping
device 10, elongate clambing member 14 comprises a brojebtion 40 either
side of the channel 36. Elongate clamping member 16 comprises a recess 42
either slde of the channel 38 sized and'.shaped to receive a respective
projection 40 of the elongate .clamping member 14. During'clos_ure' of the
elongate clamplng members 14, 16, fecesses 42 receive respective .
projections 40 therein and once fully accommodated prevent further closure of

~ the elongate clamping members 14, 16. Hence, each projection ‘and recess

pair determines a minimum'separation 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 belng 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 surgic‘al procedure(s) for which the improved surgical clamping . .

- 30

device 10 is/are intended. It is envisaged that thelprojec‘tions 40 and recesses

42 can be provided at other posntlons along the length of the elongate'

clamping members 1 4, 16 and need not necessanly be provided adjacent or
within the channels 36, 38 as shown in FIG 5A. ‘

" FIG 5B shows an alternative ernbodlment_of the elongate clarnping
mel‘nber 14, which comprises channel 36 for receiving the blood vessel 18. In
this embodiment, the elongate clamping member 14 comprises an inclined
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. portion 44 from a tip of the clamping member 14 to the channel 36 to facilitate

location of the blood Vessel 18 into the channel 36 by sliding of the blood

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

Embodlments of the- rmproved surgical clamplng dewce 10 can
comprrse 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
up the inclined portion 44 and into the channel 36. ' ' o
.FIG 50 shows a further embodiment of the lmproved surgrcal clamprng.

device 10, wherein the elongate clamping member 14 comprrses the inclined

portlon 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 al_igned 4
\jvith the channel 36 in the other elongate clamping member 14 to securely

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

elongate clamping members 14, 16 is reduced. Elongate-clampin'g member

16 also compnses recess 42 for receiving allgned enlarged channel wall 46.

Thls arrangement prevents the . elongate clampmg members 14, 16 being
closed with too much pressure, thus preventlng trauma to the blood vessel 18. -
being clamped _ ‘

in the embodlment shown in FIG 5C, a magnlfylng device 50 suchas a f
lens' can be prowded on clamping member 16 above the projection 48 to aid |
Iocatlon of the vein or artery 18 to be clamped Where a magmfymg device 50
is provided on clamping member 18, projection 48 is transparent In some -
embodiments, magnifying dewce 50 can be mounted to body 12. _

~In the embodlment shown in FIG SC the output device 32, such as an
LCD screen or seven segment dlSplay, can be mounted to, or otherwise
integrated wrth elongate clamping member 16 to provrde a readlng of the

blood flow: in the constricted vein or artery. 18 or to confrrm that there is no -~

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

For some of the aforementroned embodiments, the elongate clamplng

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
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separately. For example, in the e_mbbdiment 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"»
microch‘ip can be fabricated using MEMS techniques well known'in the art,
such as deposition, patterning, etching and mlcromachmlng

For some of the aforementloned embodrments the elongate clampmg
members 14, 16 are detachable from the body 12. In such embodiments, the
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 ca_ribe sterilized after.
each use. | - | |

Hence, another aspect of the present lnventron is a surgrcal c|ampmg _
kit comprising a reusable body 12 and a plurahty of rnterchangeable elongate

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

particular procedure and/or for a partlcular patrent and/or veln/artery can be '_ '
selected and coupled to the body 12. The elongate clampmg members can be

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

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

stenllzatron

In the aforementroned embodiments, a. !ength of the elongate clampmg .
" members 14, 16 may be selectable from a plurality of predetermined I.engths.
The predetermined length selected can depend* 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

’Iengths may be provided' However, these embodiments of the present

mventron are not limited to the particular number .
The lmproved surgical clamping devrce 10 can be made from any

material or combination of materials surtable, for surgical use. For example,

where the body 12 and/or elongate clamping members 14, 16 are made from
plastrcs materials, brocompatlble polymers can be used, such as, but not

" hmrted to polycarbonates,, polyesters, . polyamides, . homopolymer
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polypropylene and acetal copolymer. Where the b,ody 12 and/or elongaté

clamping members 14, 16 are made from metals, stainless steel, aluminium,

titanium, titanium alloys nickel alloys or shape memory alloys can be used.

'Ceramrcs rubber, glass, carbon fibre, -composites and/or other known -

. materials can also be used.

Further details- of embodiments of the present mventron wrll now be
descrrbed with reference to FIGS 6A-13F. A

-Referring to FIG 6A, smart surgical clampihg device 10 comprises _body
12 and a pair of elongate"clamping members 14, 16 ext_ending from the body
for clamping a blood vessel 18, such as an artery, 'yeih or caplllary
therebetween Clampmg members 14, 16 comprise, or are coupled to, a
respectlve mount 53 that moves along tracks 55 to facilitate movement of the
elongate clamprng members 14, 16. Body 12 can _comprrse one or more
apertures 57 to allow for movement of mounts 53 and clamping members 14,
16 at least partially outside of body 12, as shown in FIG 6C. In_this
embodlment 'elongate clamping members 14, 16 have a tapered shape and

- comprise soft cushlomng layers 52 to help mrnrmrse trauma to the blood

- vessel.

Output device 32 in the form of a graphic micro LED display shows
system messages, operatlon mstructrons 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

microComputer as a digital output. The operation of the micro LED display is
programmed in computer implemented code run .ort the embedded'
mlcrocomputer | . '

Actuator 22 in the form of a pushbutton is mounted on first side wall 26
of the body 12 to receive user commands mcludrng openlng and closing of

‘elongate clamprng mémbers 14, 16 and emergency stopping of the clamplng

‘members 14, 16 during opening or closing of the clamping members. The
pushbutton is connected to the embedded microcomputer as a binary input.
The function of the pushbutton is programmed in the computer implem_ented A
cod_e'_run on the embedded microcomputer. FIG 6A shows the el'ongate :

clamping members 14, 16'in a fully closed position.



10

WO 2012/048387 . ‘ o ‘ , ‘ PCT/AU2011/001319

21 .

Referring to F!‘G- 6B, body 12 houses all internal components of the
device 10 and supports elongate clamping members 14, 16 comprising soft

’ cushioning_' Iayers 52. Embedded microcomputer 54 involves a iow-power

microcontroller, on-board memory and digital and analogue input/output 'ports
Body 12 can also house a- buzzer and/or |oudspeaker 61 in the form of a'_

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

Computer impl_emented system code can include code for data acquisition,
monitoring, control, communication, data logging, self-test, and user interface *

_modules. According to one embodiment, a circuit for the microcomputer 54 is
‘ assembled on two s'm'all‘ multilayer printed circuit boards 56 mounted within

" the body 12 of the clampmg device 10.
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A -micro-motor 58 is situated substantrally centraﬂy within the body 12
which is coupled to and powered by a power supply in the form. of battery 60.
A micro-gearbox 62 is cothIed to tbe micro-motor 58 to act'uate elongate
clamping members 14, 16. Micro-gearbox 62 enables controlled transmission
of power from the micro- motor 58 to the elongate clamping members 14, 16
by convertmg rotatronal power of the micro- motor 58 to linear motron of’ the
elongate clamprng members 14, 16. Mrcro-gearbox 62 also converts the |

‘ rotatronal‘ speed of the micro- motor 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 furth_er motion of the elongate clamping
members‘ 14, 16. This enables the micro-motor 58 to go into a sleep mode
thus ellmmatrng the requrrement to mamtam power to the micro-motor 58,

" which results i in a reductron 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 clampmg members 14, 16 and -

,respectrve cushlonmg ta_yers 52 for continuous monitoring of the .blood flow -
rate. Irrespective of the location of the blood vessel 18 in betWeen the
, clamping members 14, 16, the sensor array 30 monitors the blood flow

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

' mlcrocomputer 54 for monltonng, loggrng, and/or control actlons
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Battery 60 can be in the form of a high-poWer button-cell. lithium-ion
battery, which powers the entire clamping device including the embedded
mlcrocomputer 54 blood flow sensor 30, and actuatron of the clampmg _

members 14, 16 including the micro-motor 58 and micro-gearbox 62.

However, it will be apprecrated that other types of power supply can be used _
FIG 6C shows the elongate clamplng members 14, 16 in a par_trally

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

10

protrude through aperture 57 in the body 12. ’
W|th reference to FIGS 6D and 6E, a mountlng member 64 is coupled

to an end wall 66 of body 12 of the clamplng device 10 to enable the clamping '
’ devrce to be attached to an applicator, which will be described in further detarl
" herein. The mountrng member 64 enables the exchange of control ‘and data

- _'messages in serial form and enab_les the clamplng device 10 to be fully -
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operated through the applicator - The mounting memb‘er 64 comprises a
mountnng platform 68 and signal and ground electrodes 70.
FIG7 shows another embodiment of the surgical clamplng devrce 10 |

_-compnsmg substan'nally rectangular—shaped eIongate clampmg members 14,

16 rather than the tapered shape shown in FIGS BA-6C, Both the clamping
members 14, 16 and the edges of the body 12 have smoothed rounded
edges. 4 | : | | A |
in the-emb‘odiment shown in FIG 8, -surgical' clamping devfce-10-'
comprises one fixed elongate clamping member 16 and one movable
elongate clamping member 14. Clamping member 14 comprises mount 53,
whlch moves’ along tracks 55, whereas clamping ‘member 16 does not ._‘-
compnse a mount and can be fixed to the body 12.

~ With reference to the embodiment shown in FIG 9A and. 9B, surgical

clamplng device 10 compnses shorter clampmg members 14, 16 compared :
,wrth previous . -embodiments descrlbed herein. In this embodrment clampmg

members 14, 16 have a tapered shape and comprise soft cushioning iayers
52 mcorporatlng a channel 36 for holdlng the blood vessel 18. Channels 36
compnse a central ridge 72, which aids retentlon of the blood vessel 18 in the

_channel 36 since the cross sectlonal shape of the blood vessel is not

necessanly perfectly crrcular A' single blood flow 'sensor 30 is located

adjacent the channel 36 for momtonng the blood flow rate. The user places
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the channels 36 of the elongate clamping members around the blood vessel -
and activates closure of the elongate clamping members 14, 16 by pressing
actuator 22. Blood flow sensor 30 detects when blood 'ﬂow in the blood vessel
is occluded and halts closure of the elongate clamping members 14, 16. This
embodiment comprises "a‘rcuate, platform 74 in body 12 .to further aid'
positioning of the surgical clamping device 10. A user pushes the clamping _
device 10 forward until a resistance is sensed by a suitable sensor indicating
that the blood vessel is located in the arcuate platform 74, _

~ FIG 9C shows mounting member 64 coupled to end wall 66 of body 12,
of the clamping device 10 to enable the c_lampmg device to be attached to an’

:a‘pplicator FIG 9C also shows actuators 22, 24 protruding from body 12.

_ Whilst some of the embodiments are shown comprismg actuators 22,
24 on side walls 26 and output device 32 on a substantially perpendicular top -

- wall of the device 10, it will be appremated 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
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 then brought into the vicinity of the blood vessel to be clamped and the -
user place.s the space_d apart clamplng members 14, 16 either snde of the
vessel. Pressing one of the actuators 422, 24 commence_s closure of the
elongate clamping members ‘l4,-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_the microcomputer. Once a predetermined blood
flow rate is sensed, the microcornputer stops closure of the elongate clamping -

. members 14, 16, sounds the alarm or buzzer, displays a message on the

display 32, and ceases supply of power to the micro-motor 58 to conserve
power in .battery 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 display 32, the user releases the clamping

. device 10 whilst connected to the blood vessel 18
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The mrcrocomputer continues to monitor the blood flow sensor 30, the
actuators 22, 24 and the commumcatron port in real-time. If the blood flow rate
mc_:reased or decreased beyond the desired rate at any given trme during the
procedure/operation, the microcornputer causes the micro-motor 58 to adjust -
separation of the clamping members 14, 16 to malntarn the desrred flow rate.
Th|s adjustment is carried out |n afew mrlllseconds

- At the conclusmn of the procedure/operatron the user presses one of
the actuators 22, 24 and the mlcro.computer opens the clamping members 14,
16 using micro-motor 58. to. ena_ble detachment'. of the device 10 from the
blood vessel. o - ‘

The surgical clamping devnce 10 exchanges control and data srgnals
through wlred and/or wrreless serial communications. The device 10 can

‘communicate with an appticator 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 rnventron a tool in the form of an applicator 76 is provrded for use
with the surgrcal clampmg devrce 10. Applicator 76 compnses a body 78 :
which forms a handle for holdrng 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.

25

30

The microcomputer 79'of applicator 76 execut'es computer implemented code '
stored in the memory and controls operatlon ‘of the applicator 76. The
mlcrocomputer circuit is assembled onto two small multilayer printed crrcurt
boards mounted within the body 78 of the apphcator and |s powered by an .

_internal battery 81.

Apphcator 76 comprises an output devrce inthe form of a graphrc micro.
LED drsplay 80 coupled to be in communication with the mrcrocomputer of the

“applicator 76 to display system messages, operation instructions, sensory

data, battery information, dragnost|c data, and other relevant information for _

“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
| microoomputer of the applicator 76 to control distal extension and retraction of
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t'elescopic arm 92 of the epplicatbr 76 as well as posiﬁoning 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 cyllndncal sleeve member 94, a proxnmal end of .

WhICh is attached to body 78 Arm 92 also compnses an elongation member
96, which is housed within cylindrical sleeye 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 member 96. Pan ti_lt ‘head 98 'comprises an interface. 100 for
coupling surgical clamping device 10 to the "pan tit head 98 \)ia mbunting ;
member 64 of the clamping device 10 and thus to the distal end of arm 92 as |
shown in FIGS 10B and- 1OC

Appllcator 76 comprises a linear actuator 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 membef 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 locking 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 embodiments the
- maximum extension of elongation member 96 is half of the total length of

cylindrical sleeve member 94. The length of the cylmdncal sleeve member 94
and elongation member 96 can be selectable from a plurality of predetermined

~ One or more micro-motors 97 ‘a,re included in pan tilt head 08 and/or
elongation member 96.to co'n'trollthe 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 an& tilt relative to the frame 102, as illustrated by FIG 1OB,.‘ ,
which shows the surgical 'clampihg device 10, attached to ball member 1 04
inclined to the ver'ticall, and by FIG 10C; which illustrates the surgical clamping

- device 10 inclined to the vertical and angled to the I‘e'ft relative to a longitudinal
~ axis of the applicator 76. The movement of the pan tilt head 98 is 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 surgical

clamping device 10 attached thereto to be rhan_oeuvred: at different angles and
positions, as shown in FIGS 10B and 10C. Both the elbngation member 96

" and the pan tiit head 98 enable the devnce 10 to be operated at a distance in
.range of different locations within the anlmal or human body.

lnterface 100 has an electromagnetlc system which is controlled by the
mrcrocomputer Interface 100 can be magnetlzed and de-magnetized using
one or more of the push buttons 82; 84, 86, 88 on the body. 78 of the

. apphcator 76. When the user wants to connect the applicator 76 to a surgrcal

clamp 10, one of the push buttons 82, 84, 86, 88 is depressed to magnetize .

interface 100 causing the interface 100 to be attracted towards mounting

- member 64 of surgical clamping device 10. Referring to FIG '1'0E, during the
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magnetization phase, the rounded shape of interface 100 -has a

'complementary shape to mountlng member 64 thus- enabling the applrcator to
, mterlock with mounting member 64 of the surgical clamping. device 10, as
S shown in FIGS 10F and 10G. After adju_stmg the position and orientation of _

the clam‘ping device 10 via the directional control_ler 90, the user disengages
the surgical clémping device 10 from the applicator 76 by depressing one of

-the push buttons 82, 84, 86, 88 to disable generatlon of the electromagnetic |

'srgnal

Apphcator 76 can be made from any material or combination of

materials suitable for surglcal apphcatlons For example body 78, cylindrical

sleeve member 94, elongatlon member 96 and pan t|It head 98 can be made
of plastics materials such as, but not limited to polycarbonates polyesters, -
polyamldes homopolymer propylene and acetal copolymer or other known
materials. Interface 100 can be made of any material- with magnetlc'
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

: abplicatiorrs. In this embodiment, arm 92 can be constructed from any suitable .
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material, or comblnatlon of materials, that ',allow the shape of the arm to be_

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

-~ In use, a user manually attaches surgical clamping device 10 to the

. applicator 76 via mounting member 64 on end wall 66 of the clamprng device
’body'12 and interface 100 of pan/tllt head 98 the applicator 76. Attachment is B
’ detected automatically through exchange of signals’ between the  clamping

- device 10 and the applicator. 76 causing activation of the electromagnetic
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system "to _secure the clamping device 10 to the applicator- 76.- The

electromagnetic-system can be also activated and deactivated by the user b'y' o
’pressmg one of the push buttons 82, 84 86, 88 on the applicator body 78 at

any grven time. ‘ ,
Once the electromagnetrc system is actrvated control of the clamping
devrce 10 is managed through the push buttons 82 84, 86, 88 and the

dlrectron controller 90 of the applicator 76. lnformatlon from the blood flow

sensor array 30 is relayed to the applrcator 76 from the clamping device: 10 in
real-time through the serial communrcatlon ports. '

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

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

during closure as described above Mrcrocomputer 79 of the applicator 76
stops closure of thé clamplng members 14, 16 once a predetermrned blood
flow rate is sensed, sounds an alarm in the appllcator 76, drsplays a message
on the display 80 of the applicator 76, and ceases power to the micro- motor
68 in clamping.device 10. ' ' ' _

Upon hearing the alarm and/or vrewmg the message on drsplay 80, the
user deactivates the electromagnetrc system of the applrcator 76 whilst the
clamprng 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 clamplng members 14, 16 to maintain the desired ﬂow rate as

' rdescrlbed above

At the conclusron of the procedure/operatlon the user- posrtrons the

interface: 100 of panitilt 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.
Referrlng to FIGS 12A and 12B, a smart surgical mrcro-clampmg A

| device 110 is shown comprlsmg a substantlally cylindrical body 112 and a parr _
 of elongate clamprng members 14, 16 extending from the body for clampmg a . -
.caprllary. 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 electrrcally to a mlcro-clampmg applrcator which will be
described in further detail herernafter In one embodrment micro-clamping
device 110 comprises four electrodes, only two of Wthh are visible in FIGS -
12A and 12B. Body 112 houses all internal components of the devrce 110 and
supports the elongate clamping members 14, 16. FIG 1_2A shows the
clamping members 14, 16 in a closed'position and FIG 12B shows the
clamplng members 14, 16 ina partially open posrtlon Clamplng members 14, B
16 comprlse 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 eémbedded blood flow sensor array 30, a linear rnrcro -actuator

| 120, actuation arms 122 for moving'elongate clamping members 14, 16 and a

coupling member 124 to couple the _mioro-_clamping device 110 to the micro-

clamping applicator Linear micro-actuator 120 actUates the -clamping

.30 | -'members 14, 16. ln some embodlments 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 rnember 124 at one end and

“actuation arms 122 at-an opposite end.
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In some embodiments, coupling member 124 comprises 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 transmrtted to and recelved_

from the surgrcal mlcro-clampmg device 110 and the mlcro-clampmg device
110 to be fully operated through the mrcro-clampmg appllcator Coupling

| member 124 comprisés a mountrng platform 129 and electrodes for srgnals |

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 mrcro-clampmg

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

| shape complementary to the shape of the recess 125 in coupling member

124.4Mounting 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
mlcro—clampmg devrce 110 is mounted to the mlcro -clamping applicator in the
correct orientation. Electrodes 116, 118 of micro- clamping device 110 couple
with respective electrodesl17, 119 of arm 92 of the micro-clamping applrcator
128 to provide power to micro—clamping device 110 whilst coupled to the
applicator 128 Rotational motion of 'connecting'rod 126 is converted to linear«
motion of the threaded rod, which is connected to the actuation arms 122
whrch open and close the clamping members 14, 16.

Blood ﬂow sensor array 30 continuously monltors the blood flow rate in
the capillary in between the clamplng members 14 16 “and transmlts the

information to the m|crocomputer of the applicator 128 for monitoring, logging,

‘or control actions whilst the mlcro—clampmg device 110 is coupled to the

applrcator 128
" Dueto the threading mechanrsm 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 operation.
| Atthe conclusion of the operation, the micro~clamping applicator 128 is
re-attached to the micro-clamping device 110. Connecting rod 126 rotates in.l
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an opposrte direction enabllng the threaded rod to move in the opposrte
direction resultmg in the opening of the clamplng members 14, 16
‘ The surgical mlcro-clampmg device 110 can be made from any'

materlal or combmatron of materials suitable for surglcal apphcatlons as .

_ descrrbed herein in relation to other embodlments

The m_rcro-clamping applicator. 128 shown in FIGS 13A-E can have a

~ similar conf" iguration to the applicator 76 described in previous embodiments.
. Micro-clamping appllcator 128 compnses body 78 providing a handle for the

user, an embedded mlcrocomputer 79 comprising ‘a Iow-power "
microco'ntroller, on-board memory and dlgltal and analogue input/output ports.

'Microcomputer 79 lexecutes computer implemented code. stored in the’

memory and controls operatlon of the appllcator 128 in response to input from’

the user-and/or feedback from the sensors. The microcomputer circuit can be
A assembled onto two small’ multrlayer prlnted circuit boards mounted within the

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

~ Output device in the form of graphlc micro LED drsplvay 80 is provided

on bo_dy' 78 to display system messages, operation instr_uc_tions,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 Joystlck or
roller ball to control distal extension and retract_lon of connecting rod 126

located within cylindrical sleeve member 94 of arm 92 mounted to body 78.

Micro-clamping applicator 128 comprises a micro-motor 132 coupled to
the microcomputer 79 and ‘an actuation mec‘hanism 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 12_6'_ is
threaded. The micro-motor 132 and actuation mechanism 134 can be housed

" inthe body 78 and/or in the cylindrical sleeve member 94. ln‘respon's_eto
30 -

inputs from the user, the microcomputer 79 controls movement of the
oonneCting ‘tod 126 'via micro-motor 132 and actuation .r'ne_chanism 134.
Connecting rod 126 can be rotated bi-directionally in a olockwise_ or
anticlockwise direction and can be extended or retracted whilst rotating.' :
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‘Micro-'clamping applicator 128 comprises an electromagnetic system
which is controlled by the mncrocomputer 79. Connecting rod 126 can be
magnetlzed and de-magnetlzed by the user using the push buttons 82 84, 86
88. When the user wants' to connect the micro- -clamping applucator 128 to
surgical micro-clemp_ 110, the microcomputer 79 a'utomatioally detects the
mounting by employing a conductance test through the electrodes 117, 119 in

“ the cylindrical sleeve member 94 of arm 92 and'electrode's 116, 118 in the

body 112 of the micro- clamping device 110. The electromagnetic systém is
actlvated by the microcomputer 79 thus securing the mlcro-clamplng device
110 into the mucro-clampmg appllcator 128. Once the electromagnetlc system
is activated, control of the mlcro,-clampmg device 110 is' managed through
push but'ton's 82, 84, 86, ‘88‘an'd direct_ional controller 90 of micro-clamping
epp‘licator 128. Micro-clamping device 110 is manoeuyred into position around
the blood vessel and clamped thereon as described above Ihformation from
the blood flow sensor array 30is relayed to the mlcro clampmg applicator 128

' from the micro- clampmg dewce 110 in real-time through electrodes 116, 117,

118 119.

The electromagnet|c system is de—actlvated 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 miciocomputer 79 of the applicator.
The apphcator 128 can be disconnected from the micro-clamping device 110
by retractmg connectlng rod 126, dlsconnectlng electrodes 116, 118 from
electrodes 117 119 and by dnsengagmg mounting guide 114 from recess 130.

- At the conclusion of the procedure/operatlon the user posutlons

connecting rod 126 of applicator 128 near coupling member 124 of micro-

_ clamping device 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 rec'onnect with electrodes
117, 119 and mounting guide 114 engages with recess 130. The

electromagnetic system is re-activated by the microcomputer 79 to'enable

: openmg of clamping members 14, 16.

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

embodiments of the present invention relate to-surgncal clampmg devices that
. constrict or occlude blood flow in blood vessels during, for example, cardiac _



10

15-

20

25

30

WO 2012/048387 , _ : PCT/AU2011/001319

32

~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 enables the elongate clamplng members to sense the -
rate of blood flow through the respective blood vessel. The rate of blood flow
is determmed 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 level, 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,

' ,embodlments of the present invention also relate to tools for use with the |

improved surgical clamping dev:ces The tools in the form of applicators 76,
128 as described herein, can be connected to, and disconnected from,
surglcal clampmg devices 10, 110. Whilst connected, the lmproved surgical

- clamping devices can be maneuvered and controlled by the applicators, which
~enable the surgical clamping devices 10, 110 to be used and controlied in

regions that are difficult to reach, such as deeper bod._y"' cavities, - or are -

“obstructed.

Hence another aspect of the invention is a_ surglcal clamping kit
comprising one or more of the surglcal clampmg devices 10 and one or more

' appllcators 76 or one or more of the surglcal clamping devuces 110 and one or ’_

more appllcators 128. _ ;

It will be apprecnated that combinations of the embodiments described
hereln fall within the scope of the .present invention. For example, it is
envisaged ‘that one or more of the features of the ernbodiments described

- above with reference to FIGS 1 to 5C can be combined with one'or. more of

the features of the embodiments descrlbed above with reference to FIGS 6A
to 13E. For example, in-the embodiments described above with reference to
FIGS 6A to 13E, clamping members 14, 16 can be made from a flexible
matenal allownng the shape of the clampmg members 14 16 to be adjusted In

such embodiments, alternatlvely or additionally, the angle of the 'clamping
members 14, 16 relative to the body 12 ‘can be adjustable. ‘Clampmg '

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, embodlments of the present invention provnde solutnons for |

alleviating at least some of the problems of the prior art. Embodlments of the .
‘ rmproved surgrcal clamping dewces 10 comprise elongate clampmg members
14, 16 havmg an adjustable shape enablrng the clampmg members to be

shaped accordlng to the blood vessel being clamped and/or according to the

' surgrcal procedure being performed Embodlments of the improved surglcal

clamplng devrces 10 comprise eIongate clampmg members 14, 16 wherein

| the.angle of the clamprng members relative to the body 10 is adjustable in a

‘vertical and/or honzontal plane These embodiments enable the . |mproved
. surgical clampmg devrces 10 to be surtable 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 srngle embodiment of the. |mproved surgrcal clamping
device descrlbed herein can be surtable for constrrctmg and occludmg blood
flow in blood vessels havrng a diameter in the range of about 0. 2mm to about

7.0mm. Hence, the need for an extensive range of clamplng devrces

applrcable toonly a few procedures 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 being applied to the blood vessel whilst ensuring that occlusion
has occurred: before commencmg with the next stage of the surgrcal
procedure Similarly, the blood flow sensor enables the resumption of blood
flow to be accurately controlled after the procedure has been carrled 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 assocrated wrth clamping verns/arterles/caprllanes is also reduced by
the provision of the pro;ectlons 40 and recesses 42 which prevent the
clamplng members closmg beyond a predefined limit and thus from exertrng'

“an excessrve pressure on the vern/artery/caplllary

The provision of a non-sllp coating or Iayer 34 on one or both of the

“elongate clampmg members 14, 16 prevents the blood vessel 18 from sliding -

from a. clamping surface of the elongate clamplng members thus provndxng

‘ greater control during the surgical procedure Features such as the channel

36, the inclined surface 44 the enlarged wall 46 and the magnlfylng devrce 50
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. »also facrlltate quicker and more accurate locatron of the blood vessel and/or

more reliable clampmg of the blood vessel compared with at least some of the -
prior art clamping devices. ' A

" Embodiments eomprising detachable elongate clampmg members 14
16 -prowde an improved surgical clamping kit which is adaptable to a wide

range of surgical procedures and the clamping of a variety of blood vessels.

The detachable elongate clamping'members can be single use or -reu’sable |

and can be selected as required for the particular procedure. Embodiments

compris'ing the body 12 having a controller 20, and in particular the MEMS
fabncated body, provrde a reusable body that can accurately control the
separatron of, and thus the pressure exerted by, the elongate clamping _'

' members. The body can be detached once the desired’ clampmg pressure has
-been attalned and re-attached to the elongate clamplng members to release.

the elongate clampmg members and resume blood flow.
Provrsron of an output devrce 32, such as an LCD screen or. seven
segment display, provrdes the user w:th an lnstant rndlcatron of the blood flow,

. irrespective of . whether the output device 32 is prowded on the improved

surgical clamping devrce 10 or as part of a separate medical monitoring

device. Wirelesscommunlcation avoids the need for external cables or wires

that may snag on other objects durlng surgical procedures
Appllcators 76, 128, enable the surgical clamplng devices 10 110to be

'used and controlled ata distance, for example, in regions that are dlfﬂcult to
reach, such as deeper body cavrtres or are obstructed

LU 1 " u

compnsrng or

" In this specification, the terms “comprise”, comprlses

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

, lnclude those elements solely, but may well |nclude other elements not listed.

" Throughout the -specrfcatlon the aim has been to descnbe the

-~ preferred embodiments of the invention without Iimiting the invention to any
30

one embodiment or specific collection of features. It is to be apprecrated by
those of skill in the art that various modrflcatrons and changes can be made i in

~ the particular embodlments exempllfled without departlng from the: scope of

the present rnventron
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CLAIMS

A surgical clamping device comprising:

a body;

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 clamping members to control a
pressure exerted by the clamping members on a blood vessel clamped

therebetween.

The device of claim 1, comprising:
a micro-motor coupled to the controller;

a power supply coupled to the micro-motor and the controller

and
a micro-gearbox 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 device 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 clamping 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

second pair of opposed actuators coupled to the controller wherein
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actuation of the second pair of opposed actuators causes the controller

to decrease the pressure exerted by the clamping members.

The device of any preceding claim, comprising at least one blood flow
sensor mounted 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 clamping members to detect one or more
of the following characteristics of the 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 device of claim 10, wherein the controller adjusts a pressure applied
by the clamping members according to the detected calibre, wall

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 part 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.
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The device of claim 13, wherein the channel comprises a central ridge.

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 receiving the blood vessel.

The device of any 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 preceding claim, wherein the clamping members are

adjustable relative to the body in a vertical plane and/or a horizontal

plane.

The device of claim 18 or 19, wherein the clamping members occupy
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
ratchet mechanism or gearing mechanism for securing the elongate

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

a micro-electro-mechanical-system (MEMS).

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, comprising a magnifying device

coupled to the body 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 that releasably connects to an arm of an applicator;

a pair of clamping 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 pressure
exerted by the clamping members on a blood vessel 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

member to couple the device to the applicator for controlling the device.

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 the applicator; a mounting guide for alignment

with a recess of the applicator.
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The device of any of claims 28 to 31, comprising one or more of the
following:

at least one blood flow sensor mounted to at least one of the
clamping members to detect blood flow in the blood vessel;

a non-slip coating on at least part of one or more of the clamping
members;

a soft cushioning 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.



