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AN INTERNAL RETRACTOR

FIELD OF THE INVENTION

The present invention generally relates to a surgical device, and more specifically, to a retraction

device for lifting and supporting various organs within the abdominal cavity.

BACKGROUND OF THE INVENTION

During surgical procedures, there may be a requirement for the retraction of organs, so the field of
view or work area will be clear. For example, a segment or lobe of the liver may need to be held
back in order to perform surgery on a segment of the stomach. This process can be demanding and
typically can require an extra person to hold a conventional retractor. This procedure is even more
challenging during minimally invasive surgery (MIS) where port and surgical technician may be
devoted primarily to holding tissue back from the field of view or work area.

US patent application US2009/0198107 (referred hereinafter as 1 07) discloses a device for use
during surgical or non-surgical procedures, which can move items from the field of view or work
space. Retraction of items during any surgical or non-surgical procedure moves the items from the
field of view or work space. The flexibility and compactness of a retraction device can make it

suitable for surgery, especially minimally invasive surgery (MIS).

The main distinction between the retraction device disclosed in '107 and the retraction device of the
present application is the fact that the '107 device is made of non-rigid structure which deform
under application of forces. For example, the device of patent application '107 will bent (under
force), and thereby increase the tension forces which are applied on the abdominal wall. Such
tension forces may harm the tissues involved and cause irreversible damage. Furthermore, such

bending decreases the amount of organ retraction provided.

Thus, there is along felt need to provide a retraction device which minimized the tension forces
applied on the abdominal wall.

SUMMARY OF THE INVENTION

It is one object of the present invention to provide aretraction device useful in laparoscopic surgery
and especialy in minimally invasive surgeries for retraction of an organ within the abdominal

cavity of the human body. The retraction device comprises:
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a. a least one first anchoring means adapted to be reversibly attached to afirst anchoring

point within said abdominal cavity.

b. a least one second anchoring means adapted to be reversibly attached to a second

anchoring point within said abdominal cavity.

c. a least one supporting member, defining a predetermined geometrical structure,
interconnecting the first anchoring means and the second anchoring means, adapted to at
least partially support the organ, such that the organ is retracted.

It is within the scope of the present invention to provide the retraction device as defined above,
wherein said at least one supporting member is characterized by a substantially rigid structure, such
that the a least one supporting member is substantially not deformed when mechanical force, cause
by said organ, is applied on the geometrical structure of the supporting member when the organ is

retracted viathe retraction device.

It is another object of the present invention to provide the retraction device as defined above,

wherein said mechanical force applied by said organ is perpendicular to said supporting member.

It is another object of the present invention to provide the retraction device as defined above,
wherein said supporting member is defined by a plane; further wherein said perpendicular force
applied on said supporting member does not result in any development of tangential force in said

plane.

It is another object of the present invention to provide the retraction device as defined above,
wherein said supporting member is defined by a plane; further wherein said perpendicular force
applied on said supporting member does not result in any change in tangential force in said plane.

It is another object of the present invention to provide the retraction device as defined above,
wherein said mechanical force applied by said organ is positioned a an angle of about 0 to about 90

relatively to said supporting member's plane's normal.

It is another object of the present invention to provide the retraction device as defined above,
wherein the mechanical force is applied on the geometrical structure substantially perpendicularly.

It is another object of the present invention to provide the retraction device as defined above,
wherein said supporting member is characterized by at least one selected from a group consisting of
(@) predetermined size; (b) predetermined length; (c) predetermined cross section; (d)
predetermined shape; or any combination thereof; such that, when a perpendicular force is applied

on said supporting member, said at least one selected from a group consisting of (a) predetermined
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size; (b) predetermined length; (c) predetermined cross section; (d) predetermined shape is
substantially not deformed.

It is another object of the present invention to provide the retraction device as defined above,
wherein said supporting member is defined by a plane; such that when a perpendicular force to said
plane, is applied on said supporting member; said supporting member is substantialy not deformed

in any plane outside said plane.

It is another object of the present invention to provide the retraction device as defined above,
wherein said supporting member is defined by a plane; such that when a perpendicular force, to said
plane, is applied on said supporting member; said supporting member is substantially not deformed

in aperpendicular direction to said plane.

It is another object of the present invention to provide the retraction device as defined above,
wherein the structural properties of said rigid structure is characterized by at least one mechanical
property selected from agroup consisting of: non-bendable, a non-flexible structure, a non-twistable
structure, a non-elastic structure, or any combination thereof due to perpendicular force applied on

said supporting member.

It is another object of the present invention to provide the retraction device as defined above,
wherein the rigidity of the supporting member is adapted to reduce the tension forces actuated by
the first anchoring means and the second anchoring means on the first and second anchoring points,

relatively to anon-rigid supporting member.

It is another object of the present invention to provide the retraction device as defined above,
wherein when aretraction force F is applied by the organ on the at least one supporting member, the
tension forces actuated on each of the first and second anchoring points is about 0.5*F.

It is another object of the present invention to provide the retraction device as defined above,
wherein when atangential force is applied on said at least one supporting member, the shape of said

at least one supporting member is changed.

It is another object of the present invention to provide the retraction device as defined above,
wherein the geometrical structure is characterized by dimensions selected from: 1D, 2D, 3D, or any

combination thereof.

It is another object of the present invention to provide the retraction device as defined above,
wherein the geometrical structure is selected from a group consisting of: an array of interconnected

wires, asurface, aplane, aplatform, or any combination thereof.
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It is another object of the present invention to provide the retraction device as defined above,
wherein the supporting member is deployable within the abdominal cavity and is characterized by at
least two configurations. () a FOLDED CONFIGURATION; and, (i) a DEPLOYED
CONFIGURATION,;

It is another object of the present invention to provide the retraction device as defined above,
wherein said supporting member is characterized by a default configuration which is selected from
said FOLDED CONFIGURATION and said DEPLOYED CONFIGURATION.

It is another object of the present invention to provide the retraction device as defined above,
wherein in the FOLDED CONFIGURATION, the geometrical structure has dimensions of ID, and
in the DEPLOYED CONFIGURATION the geometrical structure of has dimensions selected from

agroup consisting of: ID, 2D, 3D, or any combination thereof.

It is another object of the present invention to provide the retraction device as defined above,
wherein each of the a least one first anchoring means and the at least one second anchoring means
is selected from the group consisting of: vacuum means, magnetic means, mechanical means,

adhesive means or any combination thereof.

It is another object of the present invention to provide the retraction device as defined above,
wherein said supporting member comprises at least two hinged elements adapted to provide the

deployment of said retraction device.

It is another object of the present invention to provide the retraction device as defined above,
wherein each of the at least one first anchoring means and the at least one second anchoring means
comprises a plurality of attachment means selected from the group consisting of: clips, clamps,
fasteners, binding means, connecting means, vacuum cups, magnetic means, mechanical means,

adhesive means, needle, spike, peg, hook, or any combination thereof.

It is another object of the present invention to provide the retraction device as defined above, further
comprising controlling means releasably attached to the retraction device, adapted to (i) introduce
the retraction device into the abdominal cavity; (ii) to extract the retraction device from the
abdominal cavity; and, (iii) to relocate the retraction device within the abdomina cavity; the

controlling means being at least partially operated by from outside the body.

*

It is another object of the present invention to provide the retraction device as defined above,
wherein the retraction device is adapted to relocate the organ from one predetermined location to

another predetermined location within the abdominal cavity of the human body.

It is another object of the present invention to provide the retraction device as defined above,

wherein said supporting member comprises an intermediate member adapted to couple said

4
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supporting member to a least one selected from a group consisting of said first anchoring means,

said one second anchoring means or any combination thereof.

It is another object of the present invention to provide a method for internally retracting an organ
within abdominal cavity of the human body during minimally invasive surgeries, the method

comprising steps of:

a. Obtaining a retraction device useful in minimally invasive surgeries for retraction of an organ
within the abdominal cavity of the human body, the retraction device comprising: (i) at least
one first anchoring means adapted to be reversibly attached to a first anchoring point within
said abdomina cavity; (ii) & least one second anchoring means adapted to be reversibly
attached to a second anchoring point within said abdominal cavity; and, (iii) supporting
member, defining a predetermined geometrical structure, interconnecting the first anchoring

means and the second anchoring means.
b. Inserting the retraction device into the abdominal cavity by means of an introducer.
c. Reversibly attaching the at least one first anchoring means to the first anchoring point.

d. Reversibly attaching the a least one second anchoring means to the second anchoring point

while retracting the organ.
e.  Supporting the organ by the supporting member, and thereby retracting the organ.

It is within the scope of the present invention that the method as defined above, further comprises
step of providing the a least one supporting member, wherein the at least one supporting member is
characterized by a substantially rigid structure, thereby substantially preventing deformation of the
at least one supporting member when mechanica force is applied on the geometrical structure of

the supporting member when the organ isretracted via the retraction device.

It is another object of the present invention to provide the retraction method as defined above,

wherein said mechanical force applied by said organ is perpendicular to said supporting member.

It is another object of the present invention to provide the retraction method as defined above,
wherein said supporting member is defined by a plane; further wherein said perpendicular force
applied on said supporting member does not result in any development of tangential force in said

plane.

It is another object of the present invention to provide the retraction method as defined above,
wherein said supporting member is defined by a plane; further wherein said perpendicular force

applied on sa;d supporting member does not result in any change in tangential force in said plane.
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It is another object of the present invention to provide the retraction method as defined above,
wherein said mechanical force applied by said organ is positioned at an angle of about O to about 90

relatively to said supporting member's plane's normal.

It is another object of the present invention to provide the retraction method as defined above,
wherein said supporting member is characterized by at least one selected from a group consisting of
(@ predetermined size; (b) predetermined length; (c) predetermined cross section; (d)
predetermined shape; or any combination thereof; such that, when a perpendicular force is applied
on said supporting member, said a least one selected from a group consisting of (a) predetermined
size; (b) predetermined length; (c) predetermined cross section; (d) predetermined shape is
substantially not deformed. '

It is another object of the present invention to provide the retraction method as defined above,
wherein said supporting member is defined by aplane; such that, when a perpendicular force to said
plane, is applied on said supporting member; said supporting member is substantially not deformed

in any plane outside said plane.

It is another object of the present invention to provide the retraction method as defined above,
wherein said supporting member is defined by aplane; such that when a perpendicular force, to said
plane, is applied on said supporting member; said supporting member is substantially not deformed

in aperpendicular direction to said plane.

It is another object of the present invention to provide the retraction method as defined above,
which further comprises step of applying mechanical force on the geometrical structure

substantially perpendicularly.

It is another object of the present invention to provide the retraction method as defined above,
which further comprises step of selecting a mechanical property of the rigid material from a group
consisting of:' non-bendable, non-flexible, non-twistable, non-elastic, ‘or any combination thereof.

It is another object of the present invention to provide the retraction method as defined above,
which further comprises step of applying a retraction force F by the organ on the supporting
member, and thereby actuating tension forces on each of the first and second anchoring points of
about 0.5*F.

¥

It is another object of the present invention to provide the retraction method as defined above,
further comprising step of applying a tangential force is on said at least one supporting member,
thereby changing the shape of said at least one supporting member.
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It is another object of the present invention to provide the retraction method as defined above,
which further comprises step of selecting a geometrical structure of the supporting member with

dimensions selected from a group consisting of: 2D, 3D, or any combination thereof.

It is another object of the present invention to provide the retraction method as defined above,
which further comprises step of selecting the supporting member from a group consisting of: an

array of interconnected wires, a surface, aplane, aplatform, or any combination thereof.

It is another object of the present invention to provide the retraction method as defined above,
which further comprises step of deploying the supporting member within the abdominal cavity; the
supporting member characterized by a least two configurations. (i) a FOLDED
CONFIGURATION; and, (ii)) aDEPLOYED CONFIGURATION.

It is another object of the present invention to provide the retraction method as defined above,
wherein in the FOLDED CONFIGURATION, the supporting member is characterized by a ID
geometrical structure, and in the DEPLOYED CONFIGURATION the supporting member is
characterized by a geometrical structure of dimensions selected from: 2D, 3D, or any combination

thereof.

It is another object of the present invention to provide the retraction method as defined above,
further comprising step of providing said supporting member in a default configuration selected
from said FOLDED CONFIGURATION and said DEPLOYED CONFIGURATION.

It is another object of the present invention to provide the retraction device as defined above,
wherein each of the at least one first anchoring means and the at least one second anchoring means
is selected from the group consisting of: vacuum means, magnetic means; mechanical means,

adhesive means or any combination thereof.

It is another object of the present invention to provide the retraction method as defined above,
which further comprises step of selecting each of the at least one first anchorlng means and the at
least one second anchoring means from the group consisting of: vacuum means, magnetic means,

mechanical means, adhesive means or any combination thereof.

It is another object of the present invention to provide the retraction method as defined above,
which further comprises steps of: providing the a least one first anchoring means and the at least
one second :’:\nchoring means with a plurality of attachment means and, selecting the attachment
means from the group consisting of: clips, clamps, fasteners, binding means, connecting means,
vacuum cups, magnetic means, mechanical means, needle, spike, peg, adhesive means or any

combination thereof.
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It is another object of the present invention to provide the retraction method as defined above,
which further comprises steps of: releasable attaching a controlling means to the retraction device;
introducing the retraction device into the abdominal cavity; extracting the retraction device from the
abdominal cavity; and, relocating the retraction device within the abdominal cavity; the controlling

means being at least partially operated by from outside the body.

It is another object of the present invention to provide the retraction method as defined above,
which further comprises step of relocating the retraction device from one predetermined location to

another predetermined location within the abdominal cavity of the human body.

It is another object of the present invention to provide the retraction method as defined above,
wherein said supporting member comprises an intermediate member adapted to couple said
supporting member to at least one selected from a group consisting of said first anchoring means,

said one second anchoring means or any combination thereof.

BRIEF DESCRIPTION OF THE FIGURES

For a better understanding of the invention and to show how the same may be carried into effect,
reference will now be made, purely by way of example, to the accompanying drawings in which

like numerals designate corresponding elements or sections throughout.

With specific reference now to the drawings in detail, it is forceed that the particulars shown are by
way of example and for purposes of illustrative discussion of the preferred embodiments of the
present invention only, and are presented in the cause of providing what is believed to be the most
useful and readily understood description of the principles and conceptual aspects of the invention.
In this regard, no attempt is made to show structural details of the invention in more detail than is
necessary for afundamgantal understanding of the invention, the description takfan with the drawings
making apparent to thoée skilled in the art how the several forms of the invention may be embodied

in practice. In the accompanying drawings:
FIG. lisaschematic illustration of retraction device of the prior art.
FIG. 2 isaschematic illustration of retraction device of the present invention.

FIG. 3a-3b is anillustration of physical concepts and the advantages of the retraction device of the

present invention over the prior art.

FIGs. 4a-4b are specific embodiments of the retraction device of the present invention in the folded
and the DEPLOYED CONFIGURATIONS.
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FIGs. 5a-5b are specific embodiments of the retraction device of the present invention in its
DEPLOYED and folded CONFIGURATION.

FIG. 6isaspecific embodiment of the retraction device of the present invention in its DEPLOY ED
CONFIGURATION.

FIG. 7al-7a3 is a specific embodiment of a telescopic retraction device of the present invention

having side rods 535.

FIG. 7b-7d are specific embodiments of atelescopic retraction device of the present invention in its
FOLDED and DEPLOYED CONFIGURATIONS.

FIG. 8 is a specific embodiment of a telescopic retraction device of the present invention in its
DEPLOYED CONFIGURATION.

FIG. 9 is a specific embodiment of X-type retraction device of the present invention in its
DEPLOYED CONFIGURATION.

FIGs. 10a, 11a, 12a, 13a and 14a are illustrations of the retraction device of the present invention

in experimental settings.
FIGs. 10b, lib, 12b, 13b and 14b are schematic illustrations of Figs. 10a, 11a, 12a, 13a and 14a.

The drawings together with the description make apparent to those skilled in the art how the

invention may be embodied in practice.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before explaining at least one embodiment of the invention in detail, it isto be understood that the
invention is not limited in its application to the details of construction and the arrangement of the
components set forth in the following description or illustrated in the drawings. The invention is
applicable to other embodiments or of being practiced or carried out in various ways. Also, it is to
be understood that the phraseology and terminology employed herein is for the purpose of

description and should not be regarded as limiting.

The device of the present invention provides a retraction device useful in minimally invasive

surgeries for retraction of an organ within the abdominal cavity, said retraction device comprising:

a. a least one first anchoring means adapted to be reversibly attached to a first anchoring point
within the abdominal cavity;

b. a least one second anchoring means adapted to be reversibly attached to a second anchoring

point within the abdominal cavity; and,
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c. a least one supporting member, defining a predetermined geometrical structure,
interconnecting said first anchoring means and said second anchoring means, adapted to at

least partially support said organ, such that said organ is retracted,

The at least one supporting member is characterized by a substantially rigid structure, such that said
a least one supporting member is substantially not deformed outside the plane defining said
supporting member, when a mechanical force is applied by the organ on the rigid structure of the

supporting member when the organ is retracted via the retraction device.

According to one embodiment said retraction device can be non-invasively and removably attached

to the undersurface of a patient's cavity, or to various tissues within a cavity.

The device is initidly introduced through an opening in the cavity wall and then attached to some

location on the undersurface of the cavity wall, by attachment means.

The term 'ID' refers hereinafter to a one dimensional geometrical structure which is may be
characterized by one coordinate adapted to specify each point on it. For example, awire, a cord, a

rod, arope, etc. are | D geometrical structures.

The term '2D' refers hereinafter to a two dimensional geometrical structure which requires two

coordinated in order to specify each point of it.

Theterm 'leaf spring' refers hereinafter to aflat elastic element which can be made of any material
with a polygonal or rounded cross sectional shape. The flat element is characterized by an ability to
be bent in a desired direction when a predetermined force in a predetermined direction is applied on
it.

Theterm 'rigid structure' refers hereinafter to a structure being characterized by at least one of the

following:

(@ illustrating no deformation in the plane confining said rigid structure (in terms of size,
shape, length, cross section or any combination thereof) to a normal force applied on the
same; In other words, when normal forces are applied, no deformation in eg., length is
illustrated (again, in the plane confining said rigid structure); and hence, no tangentia (i.e.,

parallel) forces will be created.

(b) When perpendicular forces are applied on said rigid structure, no development (or change)

of tangential force to the plane confining said rigid structure are illustrated.

(c) having a degree of freedom of rotation or/and trandation in the plane parallel (or enclosing)

to said structure, but no degree of freedom in the two other planes perpendicular to said

10
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structure. In other words, the structure may illustrate deformation in the plane parallel to the

same, but there will be no deformation to the plane perpendicular to the same.

The above definition of rigid is provided under the assumption that the friction between the rigid
structure and the retracted organ (i.e., the element which eventually applies the vertical forces) is
neglectable. In other words, the present invention defines the force applied on the rigid structure as

anormal (i.e., vertical) force assuming there isno friction.

The term ‘'anchoring point' refers hereinafter to any physiological location within said
abdominalcavity to which the device of the present invention may be attached to. For example, the
anchoring point may be located on the internal abdominal wall, or an organ within said abdominal
cavity. The anchoring point is located on the internal surface of said abdomina wall, such that

creation of an opening at the location of the anchoring point for the retraction is prevented.

The term 'tangential’ refers hereinafter to a direction of atangent to the supporting member of the

device.

According to another embodiment of the present invention, the term 'leaf spring' refers hereinafter
to a flat rod which can be made of any material with polygona or rounded cross section shape;
furthermore, the rod's cross sections properties are chosen such that its height is smaller than its

width so when axial force is applied; the buckling of the rod isin predetermined direction.

Fig. 1 illustrates the retraction device of the prior art, in which a retraction device 5 which
comprises a non-rigid supporting member 7 (e.g., a plastic mesh, a silicon strip, etc.), which is
deformable when a mechanical force is applied. As aresult of this deformation, a high tension is
applied on the abdomina wall. This high tension may cause damage to the tissue of the abdominal

wall or may cause the retraction device to disconnect from the tissue.
Furthermore, the bending obtained substantially decreases the amount of organ retraction obtained.

Aswill be disclosed below, the present invention is intended to reduce this high tension applied of
the abdominal wall, so asto prevent (or reduce) the damage to the tissue and prevent disconnection

of the retraction device from the tissue, and to have farther retraction.

An additional advantage of the present invention over the prior art isthe ability of the retraction
device to be deployed. As will l;e disclosed below, in its DEPLOYED CONFIGURA%ION, the
supporting member of the present invention is adapted to provide a surface which is adapted to
support the organ. This surface is characterized by a 2D/3D wide area which improves the ability to

support the organ, and differently from a | D.member with narrow area.

Reference isnow made to FIG. 2, which illustrates a specific embodiment of retraction device 100.

11
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Retraction device 100 is useful in minimally invasive surgeries for retraction of an organ 60 within
the abdominal cavity of the human body. By the retraction of organ 60, retraction device 100 is
adapted to relocate organ 60 from one predetermined location to another predetermined location
within the abdominal cavity of the human body.

According to this figure, retraction device 100 comprises the following components:

a. A first anchoring means 10 adapted to be reversibly attached to a first anchoring point 40
(e.g., onthe internal abdomina wall 55);

b. A second anchoring means 20 adapted to be reversibly attached to a second anchoring point
50 (e.g., on the internal abdominal wall 55); and,

c.  Supporting member 30, defining a predetermined geometrical structure, interconnecting the
first anchoring means 10 and second anchoring means 20. Supporting member 30 adapted to
at least partially support organ 60, such that organ 60 is retracted.

The supporting member 100 is characterized by a substantially rigid structure, such that supporting
member 30 is substantially not deformed (e.g., not bent, not twisted, etc.) when a mechanical force
is applied on the rigid structure of supporting member 100 (e.g., when organ 60 is placed on the
supporting member 30). According to different embodiments of the present invention, first and
second anchoring points 40 and 50 can be any physiological locations on the internal abdominal
wall 55 to which first and second anchoring means 10 and 20 may be attached to.

The first and the second anchoring points 40 and 50 are located on the internal surface of the
abdominal wall. According to this, an advantage provided by the device of the present invention is
that the location of the anchoring point a an internal surface of the abdomina wall within the
abdomina cavity prevents the creation of an additional opening in the patient's body. This
avoidance of creating an additional opening in the patient's body is highly important in the field of
laparoscopic surgeries. Each incision in the body of the patient, leaves scars, and requires recovery.
Moreover, in creation of an additional incision, there is always a risk of infections. Therefore,
creation of an additional incision in the body of the patient should be prevented if it possible.

By using the various attachment means provided by the device of the present invention, for the
attachment of the first and the second anchoring means to the abdominal wall, the surgeon is able
the change the direction of the retraction and the location of the anchoring point without creating
additional openings at the abdominal wall.

According to some embodiments of the present invention, supporting member 30 may be

characterized by a ID, a2D or a3D geometrical structure.

12
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According to various embodiments, this rigid structure of supporting member 30 may form one of
the following structures. a plurality of rods, an array of interconnected rods (or wires), a telescopic

structure, a surface, aplane, aplatform, etc.

According to some embodiments of the present invention, the first anchoring means 10 and second
anchoring means 20 may be selected from the group consisting of: vacuum means, magnetic means,
mechanical means, adhesive means, etc.

According to other embodiments of the present invention, first anchoring means 10 and second
anchoring means 20 may comprise a plurality of attachment means selected from the group
consisting of: clips, clamps, fasteners, binding means, connecting means, vacuum cups, magnetic

means, mechanica means, adhesive means, needle, hook, spike, peg, etc.

The main problem with the bendable retraction device of patent application '107, which the present
invention is intended to solve, is an existence of high tension forces applied on the internal
abdominal wall 55 (namely on the first/second anchoring point 40/50) when the device is used for
the retraction of the organ. A further non neglectable issue is the bending of the 1 07 device. Such

bending, as mentioned above, will decrease the amount of organ retraction eventually obtained.

These high tension forces are much lower in the device of the present invention, due to the design

characteristics of retraction device 100, and more specifically, the rigidity of supporting member 30.
Aswill be seen in the following equations, T> T, for each 0°<a<90°.

By referring to Fig. 2 and to Figs. 3ab, it can be easily concluded that the rigidity of supporting
member 30 is adapted to reduce the tension force Ti (in Fig.3b) actuated by first anchoring means
10 and second anchoring means 20 on first and second anchoring points 40 and 50, relatively to a

non-rigid supporting member and itstension force T (in Fig. 3d).

Fig. 3a illustrates a bendable retraction device 101 e.g., the device disclosed in US patent
application '107. In this figure, a non-rigid (e.g., soft) supporting member 105 is attached to the

internal abdominal wall 110 at two anchoring points aand b.

According to calculation performed by the inventors of the present invention, when a perpendicular
force F is applied (e.g., by aretracted organ) on the non-rigid supporting member 105, the tension
which is applied on the internal abdominal wall 110 is T=F/(2*sin(a)).

For example, when a=30°, T=F.

Fig 3b illustrates the rigid retraction device 200 of the present invention. In this figure, a rigid
supporting member 115 is attached to the internal abdominal wall 120 a two anchoring points ¢ and

d. According to calculation performed by the inventors of the present invention, when force F is
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applied by a retracted organ on midpoint of rigid supporting member 115, the tension which is
applied on the internal abdomina wall 120 is Ti=F/2.

According to the calculations presented above, the tension on the abdominal wall is reduced, when
arigid supporting member is used. Therefore, the damage which is/may be caused to the tissue of
the abdominal wall is reduced / eliminated. Furthermore, the possibility of the retraction device to

disconnect from the tissue is reduced.

It should be pointed out that, rigid supporting member as used above, is defined by at least one of

the following:

(@ illustrating no deformation in the plane confining said rigid structure (in terms of size,
shape, length, cross section or any combination thereof) to a normal force applied on the
same; In other words, when perpendicular forces are applied, no deformation in e.g., length
is illustrated (again, in the plane confining said rigid structure); and hence, no tangential

(i.e., paraldl) forces will be created.

(b) When perpendicular forces are applied on said rigid structure, no development (or change)

of tangential force to the plane confining said rigid structure are illustrated.

(c) having adegree of freedom of rotation or/and trandation in the plane parallel (or enclosing)
to said structure, but no degree of freedom in the two other planes perpendicular to said
structure. In other words, the structure may illustrate deformation in the plane parallel to the

same, but there will be no deformation to the plane perpendicular to the same.

The above definition of rigid is provided under the assumption that the friction between the rigid
structure and the retracted organ (i.e., the element which eventually applies the vertical forces) is
neglectable. In other words, the present invention defines the force applied on the rigid structure as

anormal (i.e., vertical) force assuming there is no friction.

Reference is now made to Figs. 4a-b, which illustrate a specific embodiment of the retraction device

of the present invention.

This figure illustrates a - canula 218 which has been generated by the operator (e.g., surgeon) in
abdominal cavity 220 for performing a minimally invasive surgery or a laparoscopic surgery. As
part of the surgery, there might be a need t'o retract organ 240. This may be performed via the
retraction device 300 of the present invention. According to this embodiment, retraction device 300
comprises a supporting member 230 which interconnects between a first and a second anchoring
means 251 and 252. According to this figure, first and a second anchoring means 251 and 252 are

connectable to the abdominal wall 225.
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According to these figures, retraction device 300 has at least two configurations a FOLDED
CONFIGURATION (see Fig. 4a) and a DEPLOYED CONFIGURATION (see Fig. 4b).

Fig. 4a illustrates the retraction device 300 in its FOLDED CONFIGURATION, in which the
retraction device 300 is shaped and sized so as to be inserted into abdominal cavity 220 though a

canula 218.

Fig. 4b illustrates the retraction device 300 in its DEPLOYED CONFIGURATION in which the
retraction device 300 is deployed within the abdominal cavity and can be connected to abdominal
wall 225. In the DEPLOYED CONFIGURATIO, the retraction device 300 can be used to retract
organ 240.

It should also be emphasized that according to different embodiments of the present invention, the
default configuration of the retraction device may be the FOLDED CONFIGURATION, or the
DEPLOYED CONFIGURATION. The term 'default configuration' refers hereinafter to the size

and shape of the retraction device when the same isnot constrained within the insertion canula 218.

According to some embodiments, the FOLDED and the DEPLOYED CONFIGURATIONS of
retraction device 300 may be provided by folding and deploying supporting member 230.

In this embodiment, supporting member 230 is constructed of at least two leaf springs which may
be bent by the operator (e.g., physician, surgeon, etc.) by approximation of first and second

anchoring means 251 and 252 for the deployment of retraction device 300.

According to different embodiments of the present invention, atangential force which is applied on
the device of the present invention, is aforce which is applied on the tangential direction for folding
or deploying the device of the present invention by changing the shape of the same. The tangential
force differs from any other force in another direction. For example, the tangential force is different
from aretraction force which does not change the shape (e.g., bents) of the supporting member of

the present invention.

In other words, in this embodiment, in the FOLDED CONFIGURATION, the two leaf springs are
in their relaxed configuration (default configuration) and in the DEPLOYED CONFIGURATION
the two leaf springs are in their deformed (loaded) configuration (i.e., bent).

In the DEPLOYED CONFIGURATION, the first and second anchoring means 251 and 252 are
pushed towards the direction of abdomina wall 225, such that retraction device 300 is held within
the abdominal cavity in said DEPLOY ED . CONFIGURATION. Namely, when device is released

in retraction position the loaded springs push the anchoring means toward the abdominal wall.
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However, as mentioned above, it should be pointed out that according to some embodiments, in the
FOLDED CONFIGURATION, the two leaf springs are in their deformed configuration (i.e., bent),
and in the DEPLOYED CONFIGURATION the two leaf springs are in their relaxed configuration.
According to this embodiment, the retraction device may be provided to the abdominal cavity when
the leaf springs are bent (or folded in a manner know in the art), and the deployment of the

retraction device may be performed by straightening the leaf springs.

According to a specific embodiment, the leaf springs composing the supporting member 230 are at

least partially connected to afirst and a second anchoring means.

It should be mentioned that in spite of the ability of the leaf springs to be bent by an operator for
their deployment, the same are substantially not deformed when mechanica force of an organ (i.e.,

perpendicular forces) is actuated on the retraction device.

The retraction device 300 which is illustrated in Fig. 4a is introduced in its FOLDED
CONFIGURATION through canula 218 (which has a diameter of 5-15 mm) into internal abdominal
cavity 220.

The retraction device 300 which is illustrated in Fig. 4b is provided in the DEPLOYED
CONFIGURATION.

The reconfiguration of retraction device 300 from the FOLDED CONFIGURATION to the
DEPLOYED CONFIGURATION is performed by approximating the first and second anchoring
means 251 and 252 relatively to each other while positioning the retraction device 300 in a

predetermined position (i.e., angle) and in a predetermined location.

Now the organ is place on the supporting member of the retraction device. Next, the first and the
second anchoring means 251 and 252 are released. As aresult of that, organ 240 which actuates a

predetermined force on the retraction device 300, is retracted.

According to this embodiment, retraction device 300 in the DEPLOYED CONFIGURATION
forms a surface which is characterized a 2D geometrical structure. According to this embodiment,
the first and the second anchoring means 251 and 252 are connected to the abdomina wall due to
pressure of the abdomina wall on retraction device 300 and vice versa. As aresult of the pressure,
vretraction device 300 is held in its predetermined Iocatipn, and is not movable due to friction forces

between the recreation device and the abdominal wall.

For summary, it should be mentioned that retraction device 300 is characterized by an ability to
resist to perpendicular force actuated on the same by aretracted organ, and on the other side they

don't resist atangential forces which are adapted to deploy the device.
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According to various embodiments of the present invention, the supporting member of the
retraction device may also be characterized by an additional configuration in which the device isin
between the folded and DEPLOY ED CONFIGURATION.

Reference is now made to Figs. 5a-5b, which illustrates another embodiment of the present
invention.

According to this figure, retraction device 400 is constructed of a first anchoring means 310 and a
second anchoring means 320, which are interconnected via supporting member 330. Supporting
member 330 comprises of three rods 331, 332 and 333 which are connected each other by hinges
326, 327. In this embodiment, supporting member 330 is a foldable member characterized by at
least two configurations. a FOLDED CONFIGURATION (see fig. 5d); and, a DEPLOYED
CONFIGURATION (illustrated in Fig.5b).

The supporting member 330 is connected to anchoring means 310 and 320 by hinges 328 and 325.
The deployment of supporting member 330 may be performed by rotating the hinged members of
supporting member 330 relatively to each other, and thereby forming a 2D geometrical structure.
For example, according to the embodiment of FIGs. 5a-5b, rods 331 and 333 can be rotated with
respect to rod 332 in hinges 326 and 327.

In the embodiment illustrated in FIGs. 5a-5b, rods 331 and 333 are connected to atension spring
(not shown) which is located within hollow rod 332. Rods 331 and 333 may be either (a) rotated by
the operator (for the reconfiguration into the FOLDED CONFIGURATION); or, (b) rotated by a
spring (which aspires to be in the DEPLOYED CONFIGURATION, asin Fig. 5b). In the second
option, the tension spring is adapted to actuate a pulling force on rods 331 and 333, to return to its
initial position (default configuration) - the DEPLOYED CONFIGURATION illustrated in Fig. 5b.
In the FOLDED CONFIGURATION (see fig. 5a), when rods 331, 332 and 333 are substantially
align to each other, and the tension spring is tensed, retraction device 400 may be introduced into
the abdominal cavity through a canula, and then deployed within the abdominal cavity (by letting
the tension spring to return rods 331 and 333 to their initial position). The straightening of the
supporting member (to provide the FOLDED CONFIGURATION) may be performed to pulling
first and second anchoring means 310 and 320 to the opposite directions.

It should be mentioned that although the ability of retraction device 400 to be lengthened in its main
axis, it isnot deformable in the axis of the force which is actuated by aretracted organ.

According to the embodiment of the present invention, which is illustrated in Figs. 5a-5b, the first
anchoring means 310 and a second anchoring means 320 of retraction device 400 are clamps which

are adapted to grasp the abdominal wall at the anchoring points.
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According to one embodiment of the present invention, the actuation of the anchoring means (310
and 320) is provided by a 2 shoulders (rings) mechanism 340. The 2 rings mechanism 340
comprises 2 rings 341 and 342.

When the two rings are brought into proximity to one another, the anchoring means are actuated.
Thus, as can be seen in fig. 5b, the two left shoulders (rings) are brought into proximity to one
another; thus, the anchoring means 310 are actuated. On the contrary, the two right shoulders (rings)
are not brought into proximity to one another; thus, the anchoring means 320 are not actuated.

It should also be mentioned that according to different embodiments of the present invention, the
default configuration of the retraction device may be the FOLDED CONFIGURATION, the
DEPLOYED CONFIGURATION, or any other position between the FOLDED
CONFIGURATION and the DEPLOYED CONFIGURATION.

It should be emphasized that the above disclosed device is constructed from a plurality of rigid rods
(‘arms) hinged-like coupled to one another. Such a construction is aimed to:

(a) enable al the rods to be straightened into a single ID 'lin€' so as to be introduced into the
abdominal cavity through a canula (diameter of 5-15 mm) whilst minimum application of
force.

(b) Enabling displacement and approximation of first and second anchoring means according to
the desired anchoring point (which vary in the different anatomical cavities), whilst
minimum application of force.

All of the above is enabled while the device is not substantially deformed out side the plane
defining the supporting member. It should be pointed that the device may be deformed in the plane
defining the supporting member.

Reference is now made to Fig. 6, which illustrates another embodiment of the present invention.
According to this figure, retraction device 500 is rod with a snake-like shape (a spring-like device),
which may be folded and deployed according to the various needs. For example, for the
introduction of retraction device 500 into the abdominal wall, the same may be in a straight (ID)
configuration (FOLDED CONFIGURATION) When released inside the body cavity it becomes
back to default configuration. The snake-like shape of retraction device 500 is adapted to form a
surface which is adapted to support the retracted organ.

According to a specific embodiment, following the introduction to the abdomina wall, retraction
device 500 may be constricted, and thereby reconfigured into the DEPLOYED
CONFIGURATION. This may be performed manually by the operator, or automaticaly as
mentioned above. In this case, the default configuration may be a configuration which is between
the FOLDED CONFIGURATION and the DEPLOYED CONFIGURATION. The retraction device
500 of Fig. 6 has first and second anchoring means 410 and 420 which are characterized by
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sharpened ends (e.g., pegs). The reconfiguration of retraction device 500 from the default
configuration to the DEPLOYED CONFIGURATION may be performed by approximating first
and second anchoring means 410 and 420. Following the positioning of pressed retraction device
500 within the abdominal cavity, these first and second anchoring means 410 and 420 are adapted
to be anchored (e.g., stuck) within the abdominal wall when the retraction device 500 is
automatically converted to the DEPLOYED CONFIGURATION willing to be in the default

configuration.

According to various needs of the operator, retraction device 500 may aso be lengthened to a
predetermined length to be in the FOLDED CONFIGURATION (liketensioning a spring).

The force which is needed for the reconfiguration of the retraction device in its various
embodiments from the FOLDED CONFIGURATION to the DEPLOYED CONFIGURATION,

and vice versa, is a standard force which operators are used to apply via graspers.

It should be emphasized that it is within the scope of the present invention in which the default
configuration of the retraction device 500 isthe DEPLOYED CONFIGURATION and by applying
forces on the same, its converted into is FOLDED CONFIGURATION. Alternatively it is within
the scope of the present invention in which the default configuration of the retraction device 500 is
the FOLDED CONFIGURATION and by applying forces on the same, it is converted into is
DEPLOYED CONFIGURATION.

Reference is now made to Figs. 7al-7a3, which illustrate another embodiment of the present
invention. According to this figure, retraction device 600 is a telescopic device which may be
deployed by its elongation within the abdominal wall.

Retraction device 600 comprises supporting member 530 which is adapted to form a supporting
surface, when side rods 535 are deployed (in the DEPLOYED CONFIGURATION). Supporting
member 530 comprises an internal telescopic rod 531 and external telescopic rod 532 (see figs. 7a2-
7a3).

The external telescopic rod 532 comprises a spring which pushes internal telescopic rod 531, so that
the default configuration of retraction device 600 is when internal telescopic rod 531 is extending
out of external telescopic rod 532 (i.e., the DEPLOYED CONFIGURATION).

L)

Internal telescopic rod 531 comprises a first anchoring means 537 at one of its ends, and external

telescopic rod 532 comprises a second anchoring means 538 at one of its ends.

Side rods 535 are connected to supporting member 530 via torsion springs. Side rods 535 are
adapted to extend out of external telescopic rod 532 in asubstantially perpendicular angle relatively

to the same.
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The torsion springs are adapted to push side rods 535, so that in the default configuration, side rods
535 are deployed.

According to this embodiment, the default configuration of retraction device 600 is the
DEPLOYED CONFIGURATION.

Retraction device 600 is introduced through a canula into the abdomina cavity in its FOLDED
CONFIGURATION. In this configuration, side rods 535 are folded within external telescopic rod
535.

Following the introduction of retraction device 600 to the abdominal cavity, it isreconfigured to the
DEPLOYED CONFIGURATION in a predetermined location and a predetermined position (i.e.,

angle).

In this position, first and second anchoring means (e.g., pegs) are stuck within the abdominal wall,
while internal telescopic rod 531 is at least partially within the external telescopic rod 532; and the
spring within external telescopic rod 532 pushes out the internal telescopic rod 531, so that

retraction device 600 is fixed in said predetermined position and location.

It is within the scope of the present invention to use either a dedicated grasping means or a standard
grasping means (540) to enable the attachment of the anchoring means 538 and 537 to the
abdominal wall.

Furthermore, in the DEPLOYED CONFIGURATION, side rods 535 are extending out of external

telescopic rod 532, creating a supporting surface to retract an organ.

According to some embodiments, retraction device 600 may be used for retraction of an organ when
side rods 535 which are maintained within external rod 532 and are not extracted from the same. In
this embodiment, retraction device 600 is a | D telescopic rod which can be used for retraction of an

organ (see further details in Figs. 7B-7D).

In case of aplurality of 1D telescopic rods which are used for a retraction of an organ (placed one
next to the other), a 2D supporting surface is created, and an organ may also be retracted. In this
embodiment the plurality of 1D telescopic rods can be coupled/interconnected to each other or may

be used separately/independently.

Reference is now*made to Figs. 7b-7d, which illustrate another embodiment of the present
invention. According to this figure, retraction device 650 is a telescopic device which may be

deployed by its elongation within the abdominal wall.

Retraction device 650 is essentially the same as retraction device 600; However, the same illustrates

an embodiment without the side rods 535.
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Asmentioned above, according to some embodiments of the present invention, the retraction device

650 may be characterized by a ID, a2D or a3D geometrical structure.

According to various embodiments, the retraction device 650 may take the form of at least one of
the following structures. a plurality of rods-like retraction device 650 (in parallel), an array of

interconnected rods-like (or wires-like) retraction device 650.

While figure 7b illustrates the telescopic retraction device 650 in the close (FOLDED)
CONFIGURATION (in said configuration, the telescopic retraction device is introduced through a
canula into the abdominal cavity); figures 7c& 7d illustrate the telescopic retraction device 650 in
the DEPLOYED CONFIGURATION (and default configuration, once the same have been already
introduced into the abdominal wall) where both the external and the internal rods (655 and 656
respectfully) are shown (see fig. 7d).

It should be pointed out that according to this embodiment, in the FOLDED CONFIGURATION
(figure 7b), the device is introduced into the abdominal cavity via a canula, thus, the anchoring
means 538 and 537 are paralel to the main longitudinal axis of the device. In the DEPLOYED
CONFIGURATION (see figures 7c-7d) the anchoring means 538 and 537 are can be oriented at

any angel relatively to the main longitudinal axis of the device.

While both figures 7c and 7d illustrates the telescopic retraction device 650 in the DEPLOYED
CONFIGURATION, 7d illustrates the same while its stretch, and thus, the internal rod 656 is at
least partially outside the external rod 655.

It should be pointed that although the telescopic retraction device 650 may be extended and
stretched (due to the telescopic properties of the same); however such stretching is not essential

necessity.

Thus, it may very well be that the DEPLOYED CONFIGURATION and the FOLDED
CONFIGURATION of telescopic retraction device 650 are of the same length.

Also shown are coupling means 657 coupling the anchoring means 538 to the telescopic retraction
device 650 at both its ends. According to one embodiment, the coupling means 657 enables the
rotation of the anchoring means 538 and 537 around the main longitudinal axis of the rods (655 and

656).

Y et more,' according to one embodiment, the coupling means 657 reconfiguration of the anchoring

means 538 and 537 from being paralel to said main longitudinal axis (when the telescopic
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retraction device 650 is introduced through the canula, i.e., in the FOLDED CONFIGURATION) to

being positioned substantially perpendicularly to the same.

According to another embodiment the coupling means 657 enables the anchoring means 538 and
537 to be orientated at an angle A with respect to the same. Said angle A can be in a range of
degrees to 90 degrees.

The anchoring means 538 in figures 7b-7c are clips. However, said anchoring means can be
selected from the group consisting of: vacuum means, magnetic means, mechanical means,
adhesive means or any combination thereof.

According to some embodiments of the present invention, the telescopic retraction device 650 may
comprises the 2 shoulders (rings) mechanism 340 (so as to actuate the anchoring means) disclosed

infigs. 5.
Reference is now made to Fig. 8, which illustrates another embodiment of the present invention.

According to this figure, retraction device 700 is telescopic device which may be deployed by its
elongation within the abdominal wall.

Retraction device 700 comprises supporting member 630 which is adapted to form a supporting
surface, when side rods 635 are deployed. Retraction device 700 may comprise spring elements
adapted to fix the same in its DEPLOYED CONFIGURATION.

Retraction device 700 comprises supporting member 630 which is adapted to form a supporting
surface, when side rods 635 are deployed (in the DEPLOYED CONFIGURATION). Supporting
member 630 comprises an internal telescopic rod 631 and external telescopic rod 632. Externa
telescopic rod 632 comprises a spring which pushes internal telescopic rod 631, so that the default
configuration of retraction device 700 is when interna telescopic rod 631 is out of externa
telescopic rod 632 (the DEPLOYED CONFIGURATION). Internal telescopic rod 631 comprises a
first anchoring means 637 at one of its ends, and external telescopic rod 632 comprises a second

anchoring means which are parts of side rods 635.

According to a specific embodiment of retraction device 700, rods 635 are adapted to create a
surface which leans on different organs (e.g., intensine), thereby scatter to load of the device of the
internal abdominal wall.

According to a specific embodiment, side rods 635 are connected to supporting member 630 via
hinges 639, and are supported with springs. Side rods 635 are extending out of one end of external

telescopic rod 632. According to a specific embodiment, the springs which are connected to side
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rods 635 are adapted to pull side rods 635, so that in the default configuration (the DEPLOYED
CONFIGURATION) isformed.

According to other embodiments, side rods 635 may be provided without springs, and their
deployment is performed by rotating them manually so that a predetermined supporting surface is
formed.

Retraction device 700 is introduced through a canula into the abdomina cavity in its FOLDED
CONFIGURATION. In this configuration, side rods 635 are folded to the sides of externa
telescopic rod 635. The introduction of retraction device 700 to the abdominal cavity is aided via

introducer (not shown).

Following the introduction of retraction device 700 to the abdomina cavity in the FOLDED
CONFIGURATION, it is reconfigured to the DEPLOYED CONFIGURATION. Said
reconfiguration is performed in a predetermined location (within the abdomina cavity) and at

predetermined position (i.e., angle).

In this position, first and second anchoring means (e.g., pegs) 637 are stuck (i.e., anchored) within
the abdominal wall, while interna telescopic rod 631 is at least partially out of said external
telescopic rod 632, and the spring within external telescopic rod 632 pushes internal telescopic rod
631, so that retraction device 700 is fixed in said predetermined position and location.

Furthermore, in the DEPLOYED CONFIGURATION, side rods 635 are extending out of external

telescopic rod 632, creating a supporting surface to retract an organ.

According to this embodiment, retraction device 700 may be operated via a shifting device with a

loop in its end.

According to some embodiments, retraction device 700 may be used for retraction of an organ when
side rods 635 are located at the side external rod 532, perpendicular to the same (at this position,
side rods 535 are not deployed). In this embodiment, retraction device 700 is a I D telescopic rod.

When two | D telescopic rods are used, an organ may also be retracted.
Reference is now made to Fig. 9, which illustrates another embodiment of the present invention.

According to this figure, retraction device 800 has four anchoring elements 710, 711, 712 and 713,
which are connectable to the abdominal wall. Retraction device 800 has form of X-shape device in
its DEPLOYED CONFIGURATION, and an elongated from in the FOLDED CONFIGURATION.

According to other embodiment, the retraction device may have n anchoring elements, which are

connectable to the abdominal wall, wherein nis anatural number and n>2.
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The deployment of retraction device 800 may be performed by rotation of elements 730 relatively

to each other around axis 731, so asto form said X-shape.

In the DEPLOYED CONFIGURATION, retraction device 800 has an X-shaped supporting surface
which is adapted to support aretracted organ.

It should be emphasized that it is within the scope of the present invention in which according to

one embodiment & least two, preferably 3 anchoring elements are provided.

According to another embodiment of the present invention there could be provided any intermediate

member connecting said supporting member and the anchoring means.
Reference isnow made to Figs. 10-14 in which illustrated the use of the retraction device.

Fig. 10a illustrates the retraction device 900 (which is similar to the embodiment of retraction
device 400) when it is introduced into the abdominal cavity through a canula 901. Fig. 10b is a

schematic illustration of the same.

In Fig. 11a, retraction device 900 is being positioned; i.e., brought in proximity to liver 850.

Fig. lib isaschematic illustration of the same.

Fig. lib also illustrates the activation/actuation of the anchoring means 810 by closely bringing
rings 341 and 342 (be means of a grasper).

In Fig. 12a, a first anchoring means 810 of retraction device 900 (in the DEPLOYED
CONFIGURATION) is connected/anchored to the abdominal wall.

Fig. 12b isaschematic illustration of the same.

In Fig. 13a, the second anchoring means 820 of retraction device 900 is connected to the abdominal
wall.

Fig. 13b aso illustrates the activation/actuation of the anchoring means 820 by closely bringing
rings 341 and 342 (be means of grasper 888).

Fig. 13b isaschematic illustration of the same.

Fig. 14a illustrates the final result of the above mentioned retraction process. In this figure, the
supporting member 830 of retraction device 900 supports liver 850. As can be seen, the retraction
device 900 is substantially not deformed when mechanical force is applied on the same by liver
850. In other words, retraction device 900, and more specifically the surface formed by supporting
member 830 isnot bent/curved/twisted, etc.

Fig. 14b isaschematic illustration of the same.

To summarize the above, the supporting member is characterized by the following:
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a. The supporting member may be conducted / provided into the abdominal cavity through a canula
with diameter of 5-15 mm, and deployed with said cavity.
b. The supporting member is not deformable when a perpendicular mechanical force of the retracted
organ (due to its weight which may be max. afew kg.) isapplied on it.
c. The supporting member may have more than two configurations (e.g., a configuration between
the FOLDED CONFIGURATION and the DEPLOYED CONFIGURATION).
d. The supporting member may comprise internal reinforcing elemetns adapted to prevent the same
to be converted from said DEPLOYED CONFIGURATION to said FOLDED CONFIGURATION.
e. The supporting element may comprise: atelescopic element with a plurality of arms, a foldable
rod with hinged elements, aplurality of hinged elements.
According to different embodiments, the first and the second anchoring means may be characterized

by an ability to penetrate and not the penetrate the abdominal wall.

In the foregoing description, embodiments of the invention, including preferred embodiments, have
been presented for the purpose of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise form disclosed. Obvious modifications or
variations are possible in light of the above teachings. The embodiments were chosen and described
to provide the best illustration of the principals of the invention and its practical application, and to
enable one of ordinary skill in the art to utilize the invention in various embodiments and with
various modifications as are suited to the particular use contemplated. All such modifications and
variations are within the scope of the invention as determined by the appended claims when

interpreted in accordance with the breadth they are fairly, legally, and equitably entitled.
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CLAIMS

1

A retraction device useful in minimally invasive surgeries for retraction of an organ within

the abdominal cavity, said retraction device comprising:

a. a least one first anchoring means adapted to be reversibly attached to a first anchoring

point within said abdominal cavity;

b. a least one second anchoring means adapted to be reversibly attached to a second

anchoring point within said abdominal cavity; and,

c. a least one supporting member, defining a predetermined geometrical structure,
interconnecting said first anchoring means and said second anchoring means, adapted to

at least partially support said organ, such that said organ is retracted;

wherein said a least one supporting member is characterized by a substantially rigid
structure, such that said at least one supporting member is substantially not deformed in any
direction outside the plane defining said supporting member when a mechanical force is
applied, by said organ, on said rigid structure of said supporting member when said organ is

retracted via said retraction device.

The retraction device of claim 1, wherein said mechanical force applied by said organ is

perpendicular to said supporting member.

The retraction device of clam 2, wherein said supporting member is defined by a plane;
further wherein said perpendicular force applied on said supporting member does not result in

any development of tangential force in said plane.

The retraction device of claim 2, wherein said supporting member is defined by a plane;
further wherein said perpendicular force applied on said supporting member does not result in

any change in tangential force in said plane.

The retraction device of claim 1, wherein said mechanical force applied by said organ is
positioned a an angle of about O to about 90 relatively to said supporting member' plane

normal.

The retraction device of claim 1, wherein said supporting member is characterized by at least
one selected from a group consisting of (a) predetermined size; (b) predetermined length; (c)
predetermined cross section; (d) predetermined shape; or any combination thereof; such that,
when a perpendicular force is applied on said supporting member, said at least one selected
from a group consisting of (a) predetermined size; (b) predetermined length; (c)
prédetermi ned cross section; (d) predetermined shape issubstantially not deformed.
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The retraction device of claim 1, wherein said supporting member is defined by a plane; such
that when a perpendicular force, to said plane, is applied on said supporting member; said

supporting member is substantially not deformed in any plane outside said plane.

The retraction device of claim 1, wherein said supporting member is defined by a plane; such
that when a perpendicular force, to said plane, is applied on said supporting member; said

supporting member is substantially not deformed in a perpendicular direction to said plane.

The retraction device of clam 1, wherein, when said organ is being supported by said
supporting member, said mechanical force is substantially perpendicular to the main plane of

said rigid structure.

The retraction device of claim 1, wherein said rigid structure is made of a material

characterized by Y oung's modulus in the range of about 1 Mpato about 310,000 Mpa.

The retraction device of claim 1, wherein the rigidity of said supporting member is adapted to
reduce the tension forces actuated by said first anchoring means and said second anchoring

means on said first and second anchoring points, relatively to anon-rigid supporting member.

The retraction device of clam 1, wherein the structural properties of said rigid structure is
characterized by a least one mechanical property selected from a group consisting of: non-
bendable, a non-flexible structure, a non-twistable structure, a non-elastic structure, or any

combination thereof due to perpendicular force applied on said supporting member.

The retraction device of clam 1, wherein when said mechanical force F is applied
substantially at the center of said rigid structure , the tension forces actuated on each of said

first and second anchoring points is about 0.5*F.

The retraction device of claim 1, wherein when atangential force is applied on said at least

one supporting member, the shape of said at least one supporting member is changed.

The retraction device of claim 1, wherein said rigid structure is characterized by dimensions

selected from: 1D, 2D, 3D, or any combination thereof.

The retraction device of claim 1, wherein said rigid structure is selected from a group
consisting of: a plurality of rods, an array of interconnected rods, a telescopic structure, a

surface, aplane, aplatform, or any combination thereof.

The retraction device of claim 1, wherein said supporting member is deployable within said
abdominal cavity and is characterized by at least two configurations: (i) a FOLDED
CONFIGURATION; and, (ii)) aDEPLOYED CONFIGURATION;
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The retraction device of clam 17, wherein in said FOLDED CONFIGURATION, said rigid
structure has dimensions of ID, and in said DEPLOYED CONFIGURATION said rigid
structure of has dimensions selected from a group consisting of: 1D, 2D, 3D, or any

combination thereof.

The retraction device of claim 17, wherein said supporting member is characterized by a
default configuration which is selected from said FOLDED CONFIGURATION and said
DEPLOYED CONFIGURATION.

The retraction device of clam 17, wherein said supporting member comprises at least two

hinged elements adapted to provide the deployment of said retraction device.

The retraction device of claim 1, wherein each of said at least one first anchoring means and
said at least one second anchoring means is selected from the group consisting of: vacuum

means, magnetic means, mechanical means, adhesive means or any combination thereof.

The retraction device of claim 1, wherein each of said a least one first anchoring means and
said at least one second anchoring means comprises a plurality of attachment means selected
from the group consisting of: clips, clamps, fasteners, binding means, connecting means,
vacuum cups, magnetic means, mechanical means, adhesive means, needle, spike, peg, hook,

or any combination thereof.

The retraction device of claim 1, further comprising controlling means releasably attached to
said retraction device, adapted to: (i) introduce said retraction device into said abdomina
cavity; (ii) to extract said retraction device from said abdominal cavity; and, (iii) to relocate
said retraction device within said abdominal cavity; said controlling means being at least

partially operated by from outside said body.

The retraction device of clam 1, wherein said retraction device is adapted to relocate said
organ from one predetermined location to another predetermined location within said

abdominal cavity of the human body.

The retraction device of claim 1, wherein said supporting member comprises an intermediate
member adapted to couple said supporting member to a least one selected from a group
consisting of said first anchoring means, said one second anchoring means or any

combination thereof.

A method for internally retracting an organ within abdominal cavity of the human body

during minimally invasive surgeries, said method comprising steps of:
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a. obtaining aretraction device useful in minimally invasive surgeries for retraction of an
organ within the abdominal cavity of the human body, said retraction device comprising:
() a least one first anchoring means adapted to be reversibly attached to a first
anchoring point within said abdominal cavity; (ii) at least one second anchoring means
adapted to be reversibly attached to a second anchoring point within said abdominal
cavity; and, (iii) supporting member, defining a predetermined geometrical structure,

interconnecting said first anchoring means and said second anchoring means;
b. inserting said retraction device into said abdominal cavity by means of an introducer;
c. revesbly attaching said at least one first anchoring means to said first anchoring point;

d. reversibly attaching said at least one second anchoring means to said second anchoring

point while retracting said organ;
e.  supporting said organ by said supporting member, thereby retracting said organ;

wherein in said method further comprises step of providing said at least one supporting
member, wherein said a least one supporting member is characterized by a substantially rigid
structure, thereby preventing substantial deformation of said at least one supporting member
when mechanical force is applied by said organ on said rigid structure of said supporting

member when said organ isretracted via said retraction device.

The retraction method of claim 26, wherein said mechanical force applied by said organ is

perpendicular to said supporting member.

The retraction method of claim 27, wherein said supporting member is defined by a plane;
further wherein said perpendicular force applied on said supporting member does not result in

any development of tangential force in said plane.

The retraction method of claim 27, wherein said supporting member is defined by a plane;
further wherein said perpendicular force applied on said supporting member does not result in

any change in tangential force in said plane.

The retraction method of claim 26, wherein said mechanical force applied by said organ is
positioned a an angle of about O to about 90 relatively to said supporting member's planes

normal’.

The retraction method of claim 26, wherein said supporting member is characterized by at
least one selected from a group consisting of (a) predetermined size; (b) predetermined
length; (c) predetermined cross section; (d) predetermined shape; or any combination thereof;

such that, when a perpendicular force is applied on said supporting member, said at least one
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selected from a group consisting of (a) predetermined size; (b) predetermined length; ()
predetermined cross section; (d) predetermined shape is substantially not deformed.

The retraction method of claim 26, wherein said supporting member is defined by a plane;
such that when a perpendicular force, to said plane, is applied on said supporting member;

said supporting member is substantially not deformed in any plane outside said plane.

The retraction method of claim 26, wherein said supporting member is defined by a plane;
such that when a perpendicular force, to said plane, is applied on said supporting member;
said supporting member is substantially not deformed in a perpendicular direction to said

plane.

The retraction method of claim 26, further comprising step of applying mechanical force

perpendicularly to the main plane of said rigid structure.

The retraction method of clam 26, wherein said rigid structure is made of a material

characterized by Young's modulus of between about 1 Mpa to about 300,000 Mpa.

The retraction method of claim 26, further comprising step of applying said mechanical force
F substantialy at the center of said rigid structure , and thereby actuating tension forces on

each of said first and second anchoring points of about 0.5*F.

The retraction method of claim 26, further comprising step of applying atangential force is
on said at least one supporting member, thereby changing the shape of said at least one

supporting member.

The retraction method of claim 26, further comprising step of selecting a rigid structure of
said supporting member with dimensions selected from a group consisting of: ID, 2D, 3D, or

any combination thereof.

The retraction method of claim 26, further comprising step of selecting said rigid structure
from a group consisting of: a plurality of rods, an array of interconnected rods, a surface, a

telescopic structure, aplane, aplatform, or any combination thereof.

The retraction method of claim 26, further comprising step of deploying said supporting
member within said abdominal cavity; said supporting member characterized by at least two
configurations. (i) a FOLDED CONFIGURATION; and,’ (ii) a DEPLOYED
CONFIGURATION.

The retraction method of claim 40, wherein in ssid FOLDED CONFIGURATION, said rigid
structure has dimensions of ID, and in said DEPLOYED CONFIGURATION said rigid
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structure of has dimensions selected from a group consisting of: 1D, 2D, 3D, or any

combination thereof.

The retraction method of claim 40, wherein said supporting member comprises at least two

hinged elements adapted to provide the deployment of said retraction device.

The retraction method of claim 40, further comprising step of providing said supporting
member in a default configuration selected from saidd FOLDED CONFIGURATION and said
DEPLOYED CONFIGURATION.

The retraction method of claim 26, further comprising step of selecting each of said at least
one first anchoring means and said at least one second anchoring means from the group
consisting of: vacuum means, magnetic means;, mechanical means, adhesive means or any

combination thereof.

The retraction method of claim 26, further comprising steps of: providing said at least one
first anchoring means and said a least one second anchoring means with a plurality of
attachment means; and, selecting said attachment means from the group consisting of: clips,
clamps, fasteners, binding means, connecting means, vacuum cups, magnetic means,

mechanical means, needle, spike, peg, hook, adhesive means or any combination thereof.

The retraction method of clam 26, further comprising steps of: releasable attaching a
controlling means to said retraction device; introducing said retraction device into said
abdominal cavity; extracting said retraction device from said abdomina cavity; and,
relocating said retraction device within said abdominal cavity; said controlling means being at
least partially operated by from outside said body.

The retraction method of claim 26, further comprising step of relocating said retraction device
from one predetermined location to another predetermined location within said abdominal

cavity of the human body.

The retraction method of clam 26, wherein said supporting member comprises an
intermediate member adapted to couple said supporting member to at least one selected from
a group consisting of said first anchoring means, said one second anchoring means or any

combination thereof.
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