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SURGICAL INSTRUMENTS, SYSTEMS AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application Ser.
No. 61/354,516, entitled “Surgical Instruments, Systems and Methods of Use”
which was filed on June 14, 2010 and U.S. Patent Application Ser. No.
13/160,445, entitled “Surgical Instruments, Systems and Methods of Use” filed
June 14, 2011, the contents of which are incorporated herein by reference in

their entirety.

FIELD OF THE INVENTION
[0002] The present invention relates generally to surgical instruments, and more
particularly to surgical instruments useful for engaging surfaces of an organ,
including organ stabilizer instruments and organ positioner instruments and their

related components.

BACKGROUND OF THE INVENTION

[0003] Diseases of the cardiovascular system affect millions of people each year
and are a leading cause of death throughout the world. The cost to society from
such diseases is enormous both in terms of the number of lives lost as well as in
terms of the costs associated with treating patients through traditional surgical
techniques. A particularly prevalent form of cardiovascular disease is a reduction
in the blood supply leading to the heart caused by atherosclerosis or other
condition that creates a restriction in blood flow at a critical point in the
vasculature supplying blood to the heart.

[0004] One option for treatment of such a blockage or restriction in the blood flow
supplying the heart is a procedure known as a coronary artery bypass graft
(CABG) surgery, more commonly known as a "heart bypass" operation. In the
CABG procedure, the surgeon "bypasses” the obstruction to restore adequate
blood flow to the heart either by attaching an available source vessel to the

obstructed target coronary artery or by removing a portion of a vein or artery
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from another part of the body, to use as a graft, and installing the graft between a
point on a source vessel and a point on a target artery.

[0005] To restore an adequate supply of blood to the heart, the CABG procedure
requires that a fluid connection be established between two vessels. This
procedure is known as an "anastomosis.” Typically, a source vessel, such as a
source artery with an unobstructed blood flow, i.e., the left or right internal
mammary artery (IMA), or a bypass-graft having one end sewn to an
unobstructed blood source such as the aorta, is sewn to a target occluded
coronary artery, such as the left anterior descending (LAD) artery or other vessel
that provides blood flow to the muscles of the heart.

[0006] Although the CABG procedure has become relatively common, the
procedure itself is lengthy and traumatic and can damage the heart, the
cardiovascular system, the brain, and the blood cells, as well as activate plasma
cascade systems. In a conventional CABG procedure, the surgeon makes an
incision down the center of the chest, cuts through the sternum, performs several
other procedures necessary to attach the patient to a heart-lung bypass machine,
cuts off the blood flow to the heart and then stops the heart from beating in order
to complete the bypass. The most lengthy and traumatic surgical procedures are
necessary, in part, to connect the patient to a cardiopulmonary bypass (CPB)
machine to continue the circulation of oxygenated blood to the rest of the body
while the bypass is completed.

[0007] In recent years, a growing number of surgeons have begun performing
CABG procedures using surgical techniques especially developed so that the
CABG procedure could be performed while the heart is still beating. In such
procedures, there is no need for any form of cardiopulmonary bypass, and no
need to stop the heart. As a result, these beating heart procedures are much less
invasive and carry lower risk of post-operative neurological complications. In
certain situations, the entire beating-heart CABG procedure can be performed
through a small number, typically one or two, of comparatively small incisions
in the chest, further reducing the risk of post-operative wound complications.

[0008] When CABG procedures are performed on a beating heart, a surgical
stabilizer instrument is typically used to stabilize the heart tissue in the area of
the anastomosis. Various surgical stabilizer instruments are available today.

Typically the surgical stabilizer instrument will have some form of attachment
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mechanism that permits it to be fixed to the sternal retractor, so that it is
maintained fixed relative to the tissue to be stabilized. One drawback of
currently available stabilizer instruments is that they tend to extend too far across
the open chest cavity and may obstruct movements of the surgeon’s hands in
some instances. Additionally, the arm and attachment mechanism also extend
above the surface of the retractor and may also form an obstruction.

[0009] There is a continuing need for surgical stabilizer instruments having a lower
profile and that can be extended into the chest cavity in a configuration that
causes less obstruction to the operating surgeon.

[0010] When an anastomosis is to be performed on a surgical target area that is not
readily accessible by the surgeon (e.g., one or more arteries of interest are
located on the lateral or posterior aspects of the heart, making access to such
arteries difficult), the heart is typically repositioned either by hand, by the
surgeon or a surgeon’s assistant, or, more commonly, by attachment of an organ
positioner instrument to the heart, for repositioning and maintaining the heart in
a displaced position via the organ positioner instrument.

[0011] Various organ positioner instruments are available today. Typically the
organ positioner will have some form of attachment mechanism that permits it to
be fixed to the sternal retractor, so that it is can be supported by the sternal
retractor while it is maintaining the organ in the displaced position.

[0012] One drawback of currently available organ positioner instruments, is that
they tend to extend too far across the open chest cavity and may obstruct
movements of the surgeon’s hands in some instances, and may prevent viewing
of some areas in the surgical field.

[0013] There is a continuing need for organ positioner instruments that can be
extended into the chest cavity in a configuration that canses less obstruction to
the operating surgeon.

[0014] The present invention meets these needs as well as providing additional
improved features that will become apparent upon reading the detailed

description below.

SUMMARY OF THE INVENTION
[0015] A surgical instrument according to an example embodiment of the present

invention comprises: a mount body having a top portion, a distal end, a proximal
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end and a bottom portion; a joint member pivotally mounted at a distal end
portion of the mount body to allow positioning of a proximal portion of an arm
extending distally from the joint member, the joint member configured to at least
partially constrain movement of the proximal portion of the arm to a plane; and a
working end mounted to a distal end portion of the arm.

[0016] According to an example embodiment, the joint member comprises a first
joint member and a second joint member, wherein the first joint member
confines movement of the proximal portion of the arm to yawing, and the second
joint member confines movement of the proximal portion of the arm to pitching.

[0017] According to an example embodiment, the joint member pivotally mounted

at the distal end portion of the mount body is a disk member.

[0018] According to an example embodiment, the joint member further comprises a
slotted ball.
[0019] According to an example embodiment, the joint member is a disk member,

and the slotted ball is connected to said disk member.

[0020] According to an example embodiment, further comprising an actuator
rotatably mounted to the mount body towards the proximal end of the mount
body, and a cable extending from the actuator through the mount body, joint
member, slotted ball and arm, the actuator and the cable being configured to
change a state of the arm from a flexible state to a rigid state by movement of the
actuator in a first direction, and from the rigid state to the flexible state by
movement of the actuator is a second direction opposite the first direction.

[0021] According to an example embodiment, movement of the actuator involves
rotation, the first direction is a first rotational direction, and the second direction
is a counter-rotational direction.

[0022] According to an example embodiment, the slotted ball member forms a joint
with a proximal end of the arm.

[0023] According to an example embodiment, upper and lower surfaces of the disk
member extend substantially parallel with the top portion of the mount body, and
wherein the slotted ball is capable of pivoting to an angularly downward position
from a plane parallel to the upper and lower surfaces of the disk member.

[0024] According to an example embodiment, the instrument comprising a vacuum
tube in fluid communication with the working end, and the working end is

configured to reversibly attach to the exterior surface of a human’s heart.
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[0025] According to an example embodiment, the instrument comprises an actuator
rotatably mounted to the mount body at the proximal end of the mount body, the
actuator being configured to change a state of the arm from a flexible state to a
rigid state by rotation of the actuator in a first rotational direction, and from the
rigid state to the flexible state by rotation of the actuator in a counter-rotational
direction.

[0026] According to an example embodiment, the instrument comprises a suction
tube in fluid communication with the working end, and a clip configured to
receive and temporarily hold the suction tube to maintain the suction tube in a
low profile with the instrument, wherein the clip is formed with or connected to
the mount body, the actuator, or both the mount body and the actuator.

[0027] According to an example embodiment, the actuator comprises a plurality of
fins with one of the clips formed in one or more of the fins.

[0028] According to an example embodiment, the instrument is an organ stabilizer
and the working end comprises at least one contact member configured to be
exerted against a tissue surface to stabilize the tissue surface.

[0029] According to an example embodiment, the instrument is an organ positioner
and the working end comprises a suction member defining a vacuum space
therein, wherein the suction member is configured to receive the apex of a
human heart.

[0030] According to an example embodiment, the instrument is further configured
to exert sufficient suction force on the heart to move the heart when the suction
member is placed against the heart, a negative pressure of 250 millimeters of
Mercury is applied within the vacuum space to engage the suction member with
the heart, and the suction member is moved.

[0031] According to an example embodiment, the bottom portion comprises a
mounting mechanism configured to reversibly clamp the instrument to a fixed
object.

[0032] According to an example embodiment, the mounting mechanism is fixed to
a surface of a sternal retractor, the sternal retractor comprising a sternal retractor
blade mounted to or integral with the sternal retractor, wherein the arm is
capable of being oriented downwardly to make contact with an inner surface of a
sternal retractor blade without requiring the movement of the actuator with

respect to the mounting body.
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[0033] According to an example embodiment, the mounting mechanism comprises
a fixed jaw and a movable jaw; and wherein a mounting mechanism actuator is
pivotally mounted within the bottom portion and at least partially above the
movable jaw, the mounting mechanism actuator being configured to move the
movable jaw from an unlocked position to a locked position and vice versa.

[0034] According to an example embodiment, the mounting mechanism actuator is
configured to move the movable jaw toward the locked position when the
mounting mechanism actuator is pulled in a proximal direction.

[0035] According to an example embodiment, the mounting mechanism comprises
a fixed jaw that is unitarily formed with the main body, and a movable jaw
movably engaged to the main body.

[0036] According to an example embodiment, the instrument comprises a cam
mounted above a bottom surface of the movable jaw and below the mounting
mechanism actuator, the cam connected to the mounting mechanism actuator to
be actuated to lock or unlock the movable jaw.

[0037] According to an example embodiment, the mounting mechanism comprises
a mounting mechanism actuator, the mounting mechanism actuator including
rocker switches with cams configured to clamp to the fixed object.

[0038] According to an example embodiment, the instrument is a stabilizer and the
working end comprises a pair of contact members and a blower/mister device
incorporated into at least one of the contact members.

[0039] According to an example embodiment, the instrument is a stabilizer
configured for a blower/mister device to be attached thereto.

[0040] According to an example embodiment, the instrument is a stabilizer and the
working end comprises a pair of contact members and a support to link the
contact members to the arm, wherein the support is pivotally linked to the
contact members.

[0041] According to an example embodiment, the contact members each comprise
a clip at a proximal end portion thereof, the clips configured to form a snap fit
with the support members.

[0042] According to an example embodiment, the instrument is a stabilizer and the
working end comprises a pair of contact members, the contact members each
having a relatively thicker cross-sectional dimension at an outside edge thereof

and a relatively thinner cross-sectional dimension at an inside edge thereof.
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[0043] According to an example embodiment, the arm comprises an intermediate
link that is adjustable by a user to adjust a portion of the arm distal of the
intermediate link and the working member to assume a flexible configuration in
a first configuration, and to assume a rigid configuration in a second
configuration, while allowing a portion of the arm proximal of the intermediate
link to remain flexible during both the first configuration and the second
configuration.

[0044] According to an example embodiment, the arm comprises an intermediate
link that is adjustable by a user to adjust a portion of the arm proximal of the
intermediate link to assume a flexible configuration in a first configuration, and
to assume a rigid configuration in a second configuration, while allowing a
portion of the arm distal of the intermediate link and the working end to remain
flexible during both the first configuration and the second configuration.

[0045] According to an example embodiment, the instrument comprises a motor
configured to operate the actuator, and a second actuator, located distally of the
actuator and the motor, electrically connected to the motor, and configured to
actuate the motor to drive the actuator to increase or decrease rigidity in the arm
and a connection between the arm and the working end.

[0046] According to an example embodiment, the top portion is smooth and
comprises a flat portion with no obstructions thereon, and wherein the top
surface provides a rest for a surgeon’s hand, that can be used to help stabilize the
surgeon’s hand.

[0047] According to an example embodiment, ridges or teeth provided around at
least a portion of a perimeter of the disk member.

[0048] According to an example embodiment, the instrument a cable extending
through the disk member, at least a portion of the arm, and at least a portion of
the mount body, wherein the disk member comprises a slot formed therein, the
slot being curved to facilitate bending and tightening of the cable thereagainst
when the disk member has been pivoted, thereby helping to eliminate or reduce
variations in at least one of cable length and cable tension at different angular
positions of the disk member relative to the mount body.

[0049] According to an example embodiment, the disk member comprises a slot
formed therein, the slot being curved to facilitate bending and tightening of the

cable thereagainst when the disk member has been pivoted, thereby helping to
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eliminate or reduce variations in at least one of cable length and cable tension at
different angular positions of the disk member relative to the mount body.

[0050] According to an example embodiment, the instrument comprises an actuator
rotatably mounted to the mount body at the proximal end of the mount body and
a cable extending from the actuator through the mount body, disk member,
slotted ball and arm, the actuator and the cable being configured to change a
state of the arm from a flexible state to a rigid state by rotation of the actuator in
a first rotational direction, and from the rigid state to the flexible state by
rotation of the actuator in a counter-rotational direction.

[0051] According to an example embodiment, the instrument comprises a canister
in fluid communication with the vacuum tube, the canister having an opening for
connecting the canister in fluid communication with a vacuum source, the
canister configured to trap fluid therein.

[0052] According to an example embodiment, the instrument comprises a filter in
fluid communication with the opening of the canister, the filter configured to be
connected to the vacuum source and to filter particulates from effluent from the
canister.

[0053] According to an example embodiment, the canister has at least one
substantially flat side.

[0054] According to an example embodiment, the instrument comprises a strap
connected to the canister and adapted to hang the canister in an upright
orientation wherein the opening for connecting the canister with a vacuum
source is higher than a connection forming the fluid communication of the
canister with the vacuum tube.

[0055] According to an example embodiment, a surface of the canister is matted to
inhibit glare reflection therefrom.

[0056] A surgical instrument according to an example embodiment of the present
invention comprises: a mount body, an arm, and a tool; the mount body
configured to be used with a retractor, a bottom surface of the mount body
facing the retractor when mounted, a front edge of the mount body running at an
angle to the bottom surface; the arm pivotally connected on a proximal end
thereof via the end joint to the front edge of the mount body; the tool connected

to a distal end of the arm; the arm configured to be movable between a plurality
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of positions relative to the mount body and to be temporarily lockable in these
positions.

[0057] According to an example embodiment, the joint configured such that a
proximal portion of the arm extending from or adjacent to the mount body is
pivotable to the mount body and temporarily lockable in a position substantially
perpendicular to the mount body.

[0058] According to an example embodiment, the joint configured such that a
proximal portion of the arm extending from and adjacent the mount body is
movable from a left distal region of the mount body to a right distal region of the
mount body and vice versa.

[0059] A surgical instrument according to an example embodiment of the present
invention comprises: a mount body, an arm, a tool and a tube; the mount body
configured to mount to a retractor or a surgical table; the arm pivotally
connected on a proximal end to the mount body; the tool connected to a distal
end of the arm; the arm configured to be movable between a plurality of
positions relative to the mount body and to be temporarily lockable in these
positions; a distal end of the tube connected at or adjacent a distal end of the
arm; and the mount body configured to removably retain the tube.

[0060] According to an example embodiment, the mount body includes a recess
sized to receive and removably retain the tube.

[0061] According to an example embodiment, the mount body includes a clip sized
to receive and removably retain the tube.

[0062] According to an example embodiment, the mount body further comprising
an actuator rotatably mounted to the surgical instrument, the actuator being
configured to change a state of the arm form a flexible state to a rigid state by
rotation of the actuator in a first rotational direction, and from the rigid state to
the flexible state by rotation of the actuator in a counter-rotational direction; and
the actuator configured to removably retain the tube.

[0063] An example method of operating a surgical instrument according to the
present invention comprises the steps of attaching a mount body of the
instrument to a fixed object so that the mount body is not movable relative to the
fixed object; adjusting an orientation of an arm that extends from a distal end of

the mount body; and rotating an actuator rotatably mounted to a proximal end of
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the mount body, thereby fixing the orientation of the arm with respect to the
mount body in a rigid configuration.

[0064] According to an example embodiment, a tensioning cable extends through at
least portions of the proximal half of arm and the mount body and connects with
the actuator, and the rotation of the actuator increases tension in the cable.

[0065] According to an example embodiment, the fixed object is a sternal retractor

and the arm contacts an inner surface of the sternal retractor in the rigid

configuration.

[0066] According to an example embodiment, the instrument is a surgical
stabilizer.

[0067] According to an example embodiment, the instrument is a surgical stabilizer

for beating heart surgery, or an organ positioner for beating heart surgery.

[0068] A surgical instrument according to an example embodiment of the present
invention comprises: a mount bedy, an arm, a joint, and a tool; the mount body
configured to mount to a retractor, a bottom surface of the mount body facing
the retractor when mounted, a front edge of the mount body running at an angle
to the bottom surface; the arm pivotally connected on a proximal end of the arm
via the joint to or along the front edge of the mount body; the tool connected to a
distal end of the arm; the arm configured to be movable between a plurality of
positions relative to the mount body and to be temporarily lockable in these
positions; and the joint configured such that a proximal portion of the arm
extending from and adjacent the mount body is pivotable to and temporarily
lockable in a position substantially perpendicular to the mount body along
portions of the front edge.

[0069] According to an example embodiment, the surgical instrument further
comprises a universal connector configured to connect the mount body to any

one of a plurality of retractors of different size.

[0070] According to an example embodiment, the joint includes a disk member.
[0071] According to an example embodiment, the joint includes a slotted ball.
[0072] A surgical instrument according to an example embodiment of the present

invention comprises: an actuator rotatably mounted to the mount body at the
proximal end of the mount body and a cable extending from the actuator through
the mount body, disk member, slotted ball and arm, and the actuator and the

cable are configured to change a state of the arm from a flexible state to a rigid

10
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state by rotation of the actuator in a first rotational direction, and from the rigid
state to the flexible state by rotation of the actnator in a counter-rotational
direction.

[0073] According to an example embodiment, a tube is provided in fluid
communication with the tool.

[0074] According to an example embodiment, a tube is provided in fluid
communication with the tool, and the actuator includes a clip configured to
receive and temporarily hold the tube to maintain the tube in a low profile
arrangement with the instrument.

[0075] According to an example embodiment, the mount body includes a recess
sized to receive and removably retain the tube.

[0076] According to an example embodiment, the instrument is a stabilizer and the
tool comprises at least one contact member configured to be exerted against a
tissue surface to stabilize the tissue surface.

[0077] According to an example embodiment, the instrument is a positioner and the
tool comprises a suction member defining a vacuum space therein, wherein the
suction member is configured to exert sufficient suction force on an organ to
move the organ when the suction member is placed against the organ, a negative
pressure is applied within the vacuum space to engage the suction member with
the organ, and the suction member is moved.

[0078] According to an example embodiment, the instrument includes a cable
extending through the disk member, at least a portion of the arm and at least a
portion of the mount body, wherein the disk member comprises a slot formed
therein, the slot being curved to facilitate bending and tightening of the cable
thereagainst when the disk member has been pivoted, thereby helping to
eliminate or reduce variations in at least one of cable length and cable tension at
different angular positions of the disk member relative to the mount body.

[0079] According to an example embodiment, an actuator is rotatably mounted to
the mount body at the proximal end of the mount body and a cable extends from
the actuator through the mount body, disk member, slotted ball and arm.

[0080] According to an example embodiment, the actuator and the cable are
configured to change a state of the arm from a flexible state to a rigid state by
rotation of the actuator in a first rotational direction, and from the rigid state to

the flexible state by rotation of the actuator in a counter-rotational direction.

11



WO 2011/159733 PCT/US2011/040399

[0081] According to an example embodiment, a canister is provided in fluid
communication with the tube, the canister having an opening for connecting the
canister in fluid communication with a vacuum source, the canister configured to
trap fluid therein.

[0082] According to an example embodiment, a filter is in fluid communication
with the opening of the canister, and the filter is configured to be connected to
the vacuum source and to filter particulates from effluent from the canister.

[0083] According to an example embodiment, a strap is connected to the canister
and adapted to hang the canister in an upright orientation wherein the opening
for connecting the canister with a vacuum source is higher than a connection
forming the fluid communication of the canister with the vacuum tube.

[0084] According to an example embodiment, a surgical instrument is provided that
includes a mount body, an arm, a tool, and a tube; the mount body configured to
mount to a retractor or a surgical table; the arm pivotally connected on a
proximal end to the mount body; the tool connected to a distal end of the arm;
the arm configured to be movable between a plurality of positions relative to the
mount body and to be temporarily lockable in these positions; a distal end of the
tube connected at or adjacent a distal end of the arm; and the mount body
configured to removably retain the tube.

[0085] A surgical instrument according to an example embodiment of the present
invention comprises: a mount body having a top portion, a distal end, a proximal
end and a bottom portion; a plurality of mount body jaws formed by or
connected to the bottom portion; a joint member engaged to an arm, the arm
extending distally from the joint member and terminating with a working end
mounted to a distal end portion of the arm, the joint member pivotally mounted
at a distal end portion of the mount body; wherein the arm through positioning of
the joint member is capable of being positioned towards the left or right distal
regions of the mount body without interfering with a space located above the
mount body jaws and immediately dorsal to the top portion of the mount body.

[0086] According to an example embodiment, the joint member is capable of being
positioning with constrained movement of at least a portion of the joint member
with respect to a plane horizontally aligned with respect to the top portion of the

mount body.

12
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[0087] According to an example embodiment, the working end is configured for
attachment to the surface of a heart, the working end further including a
stabilizer member to engage one or both sides of a coronary artery, or a
positioner member capable of receiving the apex of the heart.

[0088] A surgical instrument according to an example embodiment of the present
invention comprises: a flexible arm comprising a distal end, a proximal end, and
a plurality of joint members located therebetween whereby at least a portion of
adjoining joint members can form articulating joints; a working end configured
to engage a surface of a human’s heart, wherein the working end is connected to
the distal end of the flexible arm; and a mount body joint forming a mount body
angle between the proximal end of the flexible arm and a mount body, a
minimum mount body angle being at most than 120 degrees, wherein a reference
angle is defined as 180 degrees between any two unstressed articulating joint
members.

[0089] According to an example embodiment, the minimum mount body angle is
greater than 105 degrees.

[0090] According to an example embodiment, the mount body joint is comprised of
a horizontal joint and a vertical joint, wherein the horizontal joint is configured
for controlled planar translation or pivoting along a first plane that is
substantially horizontal, and the vertical joint is configured for generally planar
translation or pivoting along a second plane that is substantially perpendicular to
the first plane.

[0091] A surgical instrument according to an example embodiment of the present
invention comprises: a flexible arm comprising a distal end, a proximal end, and
a plurality of joint members located therebetween whereby at least a portion of
adjoining joint members can form articulating joints, the articulating joints
capable of establishing a plurality of arm joint angles each having a minimum
achievable angle value, the angle being defined as 180 degrees between any two
unstressed articulating joints; a working end configured to engage a surface of a
human’s heart, wherein the working end is connected to the distal end of the
flexible arm; and a mount body joint forming a mount body angle between the
proximal end of the flexible arm and a mount body, a minimum mount body
angle being a substantially smaller angle than a smallest of the minimum

achievable angle values.
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[0092] A surgical instrument according to an example embodiment of the present
invention comprises: a mount body having a top portion, a distal end, a proximal
end and a bottom portion and connected to a joint member; a mount body jaw
formed by or connected to the bottom portion; the joint member engaged to a
proximal portion of an arm that extends distally from the joint member and
terminates with a working end, the joint member being pivotally mounted at a
distal end portion of the mount body; wherein the joint member prohibits a
proximal portion of the arm from extending above the top portion of the mount
body.

[0093] A surgical instrument according to an example embodiment of the present
invention comprises: a mount body having a top surface, a distal end, a proximal
end and a bottom portion; a joint member including a disk member pivotally
mounted in a distal end portion of the mount body; an arm extending distally
from the disk member; and a working end mounted to a distal end portion of the
arm.

[0094] According to an example embodiment, the joint member forms a joint with
a proximal end of the arm.

[0095] According to an example embodiment, the joint member includes a slotted
ball.

[0096] According to an example embodiment, the slotted ball is fixed to the disk
member.

[0097] According to an example embodiment, the instrument includes an actuator
rotatably mounted to the mount body at the proximal end of the mount body and
a cable extending from the actuator through the mount body, disk member,
slotted ball and arm, and the actuator and the cable are configured to change a
state of the arm from a flexible state to a rigid state by rotation of the actuator in
a first rotational direction, and from the rigid state to the flexible state by
rotation of the actuator in a counter-rotational direction.

[0098] According to an example embodiment, the slotted ball forms a joint with a
proximal end of the arm.

[0099] According to an example embodiment, upper and lower surfaces of the disk
member extend substantially parallel with the top surface of the mount body, and
the ball extends angularly downward from a plane parallel to the upper and

lower surfaces.
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[00100]  According to an example embodiment, a vacuum tube is provided in fluid
communication with the working end.

[00101]  According to an example embodiment, an actuator is rotatably mounted to
the mount body at the proximal end of the mount body. The actuator is
configured to change a state of the arm from a flexible state to a rigid state by
rotation of the actuator in a first rotational direction, and from the rigid state to
the flexible state by rotation of the actuator in a counter-rotational direction.

[00102]  According to an example embodiment, a suction tube is provided in fluid
communication with the working end, and the actuator includes a clip configured
to receive and temporarily hold the suction tube to maintain the suction tube in a
low profile with the instrument.

[00103]  According to an example embodiment, the actuator comprises a plurality of
fins with one of the clips formed in each of the fins.

[00104]  According to an example embodiment, the instrument is a stabilizer and the
working end comprises at least one contact member configured to be exerted
against a tissue surface to stabilize the tissue surface.

[00105]  According to an example embodiment, the instrument is a positioner and the
working end comprises a suction member defining a vacuum space therein,
wherein the suction member is configured to exert sufficient suction force on an
organ to move the organ when the suction member is placed against the organ, a
negative pressure is applied within the vacuum space to engage the suction
member with the organ, and the suction member is moved.

[00106]  According to an example embodiment, the bottom portion comprises a
mounting mechanism configured to clamp the instrument to a fixed object.
[00107]  According to an example embodiment, the mounting mechanism is fixed to
a blade of a sternal retractor and the arm is oriented downwardly and in contact

with an inner surface of the sternal retractor blade.

[00108]  According to an example embodiment, the mounting mechanism comprises
a fixed jaw and a movable jaw; and a mounting mechanism actuator is pivotally
mounted within the bottom portion above the movable jaw. The mounting
mechanism actuator is configured to move the movable jaw from an unlocked

position to a locked position and vice versa.
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[00109]  According to an example embodiment, the mounting mechanism actuator is
configured to move the movable jaw toward the locked position when the
mounting mechanism actuator is pulled in a proximal direction.

[00110]  According to an example embodiment, a cam is mounted above a bottom
surface of the movable jaw and below the mounting mechanism actuator. The
cam is connected to the mounting mechanism actuator to be actuated to lock or
unlock the movable jaw.

[00111]  According to an example embodiment, the mounting mechanism comprises
a mounting mechanism actuator, and the mounting mechanism actuator includes
rocker switches with cams configured to clamp to the fixed object on opposite
side of the fixed object.

[00112]  According to an example embodiment, the instrument is a stabilizer and the
working end comprises a pair of contact members and a blower/mister device
incorporated into at least one of the contact members.

[00113]  According to an example embodiment, the instrument is a stabilizer and the
working end comprises a pair of contact members and the stabilizer is
configured for a blower/mister device to be attached thereto.

[00114] According to an example embodiment, the instrument is a stabilizer and the
working end comprises a pair of contact members and supports linking the
contact members to the arm, wherein the supports are pivotally linked to the
contact members.

[00115]  According to an example embodiment, the contact members each comprise
a clip at a proximal end portion thereof, and the clips are configured to form a
snap fit with the support members.

[00116]  According to an example embodiment, the instrument is a stabilizer and the
working end comprises a pair of contact members. The contact members each
have a relatively thicker cross-sectional dimension at an outside edge thereof and
a relatively thinnest cross-sectional dimension at an inside edge thereof.

[00117]  According to an example embodiment, the arm comprises an intermediate
link that is adjustable by user to adjust a portion of the arm distal of the
intermediate link and the working member to assume a flexible configuration in
a first configuration, and to assume a rigid configuration in a second

configuration, while allowing a portion of the arm proximal of the intermediate
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link to remain flexible during both the first configuration and the second
configuration.

[00118]  According to an example embodiment, the arm comprises an intermediate
link that is adjustable by a user to adjust a portion of the arm proximal of the
intermediate link to assume a flexible configuration in a first configuration, and
to assume a rigid configuration in a second configuration, while allowing a
portion of the arm distal of the intermediate link and the working end to remain
flexible during both the first configuration and the second configuration.

[00119]  According to an example embodiment, a motor is configured to operate the
actuator, and a second actuator is provided. The second actuator is located
distally of the actuator and the motor, and is electrically connected to the motor,
and configured to actuate the motor to drive the actuator to increase or decrease
rigidity in the arm and a connection between the arm and the working end.

[00120]  According to an example embodiment, the top surface of the mount body is
smooth and flat with no obstructions thereon, and the top surface provides a rest
for a surgeon’s hand, that can be used to help stabilize the surgeon’s hand.

[00121]  According to an example embodiment, ridges or ratchet teeth are provided
around a least a portion of a perimeter of the disk member.

[00122] According to an example embodiment, the instrument includes a cable
extending through the disk member, at least a portion of the arm and at least a
portion of the mount body, wherein the disk member comprises a slot formed
therein, the slot being curved to facilitate bending and tightening of the cable
thereagainst when the disk member has been pivoted, thereby helping to
eliminate or reduce variations in at least one of cable length and cable tension at
different angular positions of the disk member relative to the mount body.

[00123]  According to an example embodiment, the disk member comprises a slot
formed therein, the slot being curved to facilitate bending and tightening of the
cable thereagainst when the disk member has been pivoted, thereby helping to
eliminate or reduce variations in at least one of cable length and cable tension at
different angular positions of the disk member relative to the mount body.

[00124]  According to an example embodiment, an actuator is rotatably mounted to
the mount body at the proximal end of the mount body and a cable extends from
the actuator through the mount body, disk member, ball and arm. The actuator

and the cable are configured to change a state of the arm from a flexible state to
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a rigid state by rotation of the actuator in a first rotational direction, and from the
rigid state to the flexible state by rotation of the actuator in a counter-rotational
direction.

[00125]  According to an example embodiment, the suction/vacuum tube comprises a
color-coded connector at a proximal end thereof, the connector configured to be
connected to a source of vacuum or another vacuum line in fluid communication
with a source of vacuum.

[00126] According to an example embodiment, a canister is provided in fluid
communication with the suction/vacuum tube, the canister having an opening for
connecting the canister in fluid communication with a vacuum source, the
canister configured to trap fluid therein.

[00127]  According to an example embodiment, a filter is in fluid communication
with the opening of the canister, and the filter is configured to be connected to
the vacuum source and to filter particulates from effluent from the canister.

[00128]  According to an example embodiment, the canister has at least one
substantially flat side.

[00129]  According to an example embodiment, a strap is connected to the canister
and adapted to hang the canister in an upright orientation wherein the opening
for connecting the canister with a vacuum source is higher than a connection
forming the fluid communication of the canister with the vacuum tube.

[00130]  According to an example embodiment, a surface of the canister is matted to
inhibit glare reflection therefrom.

[00131]  In another aspect of the present invention, a method of operating a surgical
instrument is provided, including: attaching a mount body of the instrument to a
fixed object so that the mount body is not movable relative to the fixed object;
adjusting an orientation of an arm that extends from a distal end of the mount
body; and rotating an actuator rotatably mounted to a proximal end of the mount
body, thereby fixing the orientation of the arm in a rigid configuration.

[00132]  According to an example embodiment, a tensioning cable extends through
the arm and the mount body and connects with the actuator, and the rotation of
the actuator increases tension in the cable.

[00133]  According to an example embodiment, the fixed object is a sternal retractor
and the arm contacts an inner surface of the sternal retractor in the rigid

configuration.

18



WO 2011/159733 PCT/US2011/040399

[00134] According to an example embodiment, the instrument is a surgical
stabilizer.

[00135] According to an example embodiment, the instrument is an organ
positioner.

[00136] In another aspect of the present invention, a surgical system is provided that
includes: a surgical retractor having at least one rail adapted to mount surgical
instruments thereto; a positioner comprising: a first body having a top surface, a
first distal end, a first proximal end and a first bottom portion, wherein the first
bottom portion comprises a first mounting mechanism configured to clamp the
positioner to the at least one rail, wherein the first mounting mechanism
comprises a first fixed jaw and a first movable jaw; and wherein a first mounting
mechanism actuator is pivotally mounted within the first bottom portion above
the first movable jaw, the first mounting mechanism actuator being configured to
move the first movable jaw from an unlocked position to a locked position and
vice versa, wherein the first mounting mechanism actuator is configured to move
the first movable jaw toward the locked position when the first mounting
mechanism actuator is pulled in a proximal direction, wherein a first cam is
mounted above a bottom surface of the first movable jaw and below the first
mounting mechanism actuator, the first cam connected to the first mounting
mechanism actuator to be actuated to lock or unlock the movable jaw, wherein
the first top surface is smooth and substantially flat with no obstructions thereon,
and wherein the first top surface provides a rest for a surgeon’s hand, that can be
used to help stabilize the surgeon’s hand; a first joint member including a first
disk member pivotally mounted in a distal end portion of the first mount body
and a first slotted ball fixed to the first disk member; a first arm extending
distally from the first joint, wherein the first joint member forms a joint with a
proximal end of the first arm; a suction member defining a vacuum space
therein, wherein the suction member is configured to exert sufficient suction
force on an organ to move the organ when the suction member is placed against
the organ, a negative pressure is applied within the vacuum space to engage the
suction member with the organ, and the suction member is moved; a first
actuator rotatably mounted to the first mount body at the proximal end of the
first mount body and a first cable extending from the first actuator through the

first mount body, first disk member, first slotted ball and first arm, the first
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actuator and the first cable being configured to change a state of the first arm
from a flexible state to a rigid state by rotation of the first actuator in a first
rotational direction, and from the rigid state to the flexible state by rotation of
the first actuator in a counter-rotational direction, wherein the first disk member
comprises a first slot formed therein, the first slot being curved to facilitate
bending and tightening of the cable thereagainst when the first disk member has
been pivoted, thereby helping to eliminate or reduce variations in at least one of
first cable length and first cable tension at different angular positions of the first
disk member relative to the first mount body; and a first vacuum tube in fluid
communication with the suction member, wherein the first actuator comprises a
clip configured to receive and temporarily hold the first suction tube to maintain
the first suction tube in a low profile with the positioner; wherein the first
actuator comprises a plurality of first fins with one of the clips formed in each of
the fins, and wherein the first vacuum tube comprises a first color-coded
connector at a proximal end thereof, the first color-coded connector configured
to be connected to a source of vacuum or another vacuum line in fluid
communication with a source of vacuum; a first canister in fluid communication
with the first vacuum tube via the first color-coded connector, the first canister
having a first opening for connecting the first canister in fluid communication
with the first vacuum source, the first canister configured to trap fluid therein,
wherein the first canister has at least one substantially flat side, and wherein a
surface of the first canister is matted to inhibit glare reflection therefrom; a first
strap connected to the first canister and adapted to hang the first canister in an
upright orientation wherein the first opening for connecting the first canister
with the first vacuum source is higher than a first connection forming the fluid
communication of the first canister with the first vacuum tube; a first filter in
fluid communication with the first opening of the first canister, the first filter
configured to be connected to the first vacuum source and to filter particulates
from effluent from the first canister; a stabilizer comprising: a second body
having a top surface, a second distal end, a second proximal end and a second
bottom portion, wherein the second bottom portion comprises a second
mounting mechanism configured to clamp the stabilizer to the at least one rail,
wherein the second mounting mechanism comprises a second fixed jaw and a

second movable jaw; and wherein a second mounting mechanism actuator is
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pivotally mounted within the second bottom portion above the second movable
jaw, the second mounting mechanism actuator being configured to move the
second movable jaw from an unlocked position to a locked position and vice
versa, wherein the second mounting mechanism actuator is configured to move
the second movable jaw toward the locked position when the second mounting
mechanism actuator is pulled in a proximal direction, wherein a second cam is
mounted above a bottom surface of the second movable jaw and below the
second mounting mechanism actuator, the second cam connected to the second
mounting mechanism actuator to be actuated to lock or unlock the movable jaw,
wherein the second top surface is smooth and substantially flat with no
obstructions thereon, and wherein the second top surface provides a rest for a
surgeon’s hand, that can be used to help stabilize the surgeon’s hand; a second
joint member including a second disk member pivotally mounted in a distal end
portion of the second mount body and a second slotted ball fixed to the second
disk member; a second arm extending distally from the second joint, wherein the
second joint member forms a joint with a proximal end of the second arm; a pair
of contact members configured to be exerted against a tissue surface of the organ
to stabilize the tissue surface and a t least one of the contact members configured
to attach a blower/mister device thereto or having a blower/mister device
incorporated therein; a second actuator rotatably mounted to the second mount
body at the proximal end of the second mount body and a second cable
extending from the second actuator through the second mount body, second disk
member, second slotted ball and second arm, the second actuator and the second
cable being configured to change a state of the second arm from a flexible state
to a rigid state by rotation of the second actuator in a second rotational direction,
and from the rigid state to the flexible state by rotation of the second actuator in
a counter-rotational direction, wherein the second disk member comprises a
second slot formed therein, the second slot being curved to facilitate bending and
tightening of the cable thereagainst when the second disk member has been
pivoted, thereby helping to eliminate or reduce variations in at least one of
second cable length and second cable tension at different angular positions of the
second disk member relative to the second mount body; and a second vacuum
tube in fluid communication with the suction member, wherein the second

actuator comprises a clip configured to receive and temporarily hold the second
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suction tube to maintain the second suction tube in a low profile with the
stabilizer; wherein the second actuator comprises a plurality of second fins with
one of the clips formed in each of the fins, and wherein the second vacuum tube
comprises a second color-coded connector at a proximal end thereof, the second
color-coded connector configured to be connected to a source of vacuum or
another vacuum line in fluid communication with a source of vacuum; a second
canister in fluid communication with the second vacuum tube via the second
color-coded connector, the second canister having a second opening for
connecting the second canister in fluid communication with the second vacuum
source, the second canister configured to trap fluid therein, wherein the second
canister has at least one substantially flat side, and wherein a surface of the
second canister is matted to inhibit glare reflection therefrom; a second strap
connected to the second canister and adapted to hang the second canister in an
upright orientation wherein the second opening for connecting the second
canister with the second vacuum source is higher than a second connection
forming the fluid communication of the second canister with the second vacuum
tube; and a second filter in fluid communication with the second opening of the
second canister, the second filter configured to be connected to the second
vacuum source and to filter particulates from effluent from the second canister.

[00137]  In another aspect of the present invention, a surgical instrument is provided
that includes a mount body, an arm, a joint, and a tool; the mount body
configured to mount to a retractor, a bottom surface of the mount body facing
the retractor when mounted, a front edge of the mount body running at an angle
to the bottom surface; the arm pivotally connected on a proximal end via the
joint to the front edge of the mount body; the tool connected to a distal end of
the arm; the arm configured to be movable between a plurality of positions
relative to the mount body and to be temporarily lockable in these positions; and
the joint configured such that a proximal portion of the arm extending from and
adjacent the mount body is pivotable to and temporarily lockable in a position
substantially perpendicular to the mount body.

[00138]  According to an example embodiment, the surgical instrument further
comprises a universal connector configured to connect the mount body to any
one of a plurality of retractors of different size.

[00139]  According to an example embodiment, the joint includes a disk member.
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[00140]  According to an example embodiment, the joint includes a slotted ball.

[00141]  According to an example embodiment, the instrument includes an actuator
rotatably mounted to the mount body at the proximal end of the mount body and
a cable extending from the actuator through the mount body, disk member,
slotted ball and arm, and the actuator and the cable are configured to change a
state of the arm from a flexible state to a rigid state by rotation of the actuator in
a first rotational direction, and from the rigid state to the flexible state by
rotation of the actuator in a counter-rotational direction.

[00142]  According to an example embodiment, a tube is provided in fluid
communication with the tool.

[00143]  According to an example embodiment, a tube is provided in fluid
communication with the tool, and the actuator includes a clip configured to
receive and temporarily hold the tube to maintain the tube in a low profile with
the instrument.

[00144]  According to an example embodiment, the mount body includes a recess
sized to receive and removably retain the tube.

[00145]  According to an example embodiment, the instrument is a stabilizer and the
tool comprises at least one contact member configured to be exerted against a
tissue surface to stabilize the tissue surface.

[00146]  According to an example embodiment, the instrument is a positioner and the
tool comprises a suction member defining a vacuum space therein, wherein the
suction member is configured to exert sufficient suction force on an organ to
move the organ when the suction member is placed against the organ, a negative
pressure is applied within the vacuum space to engage the suction member with
the organ, and the suction member is moved.

[00147]  According to an example embodiment, the instrument includes a cable
extending through the disk member, at least a portion of the arm and at least a
portion of the mount body, wherein the disk member comprises a slot formed
therein, the slot being curved to facilitate bending and tightening of the cable
thereagainst when the disk member has been pivoted, thereby helping to
eliminate or reduce variations in at least one of cable length and cable tension at
different angular positions of the disk member relative to the mount body.

[00148]  According to an example embodiment, an actuator is rotatably mounted to

the mount body at the proximal end of the mount body and a cable extends from
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the actuator through the mount body, disk member, ball and arm. The actuator
and the cable are configured to change a state of the arm from a flexible state to
a rigid state by rotation of the actuator in a first rotational direction, and from the
rigid state to the flexible state by rotation of the actuator in a counter-rotational
direction.

[00149]  According to an example embodiment, a canister is provided in fluid
communication with the tube, the canister having an opening for connecting the
canister in fluid communication with a vacuum source, the canister configured to
trap fluid therein.

[00150]  According to an example embodiment, a filter is in fluid communication
with the opening of the canister, and the filter is configured to be connected to
the vacuum source and to filter particulates from effluent from the canister.

[00151]  According to an example embodiment, a strap is connected to the canister
and adapted to hang the canister in an upright orientation wherein the opening
for connecting the canister with a vacuum source is higher than a connection
forming the fluid communication of the canister with the vacuum tube.

[00152]  In another aspect of the present invention, a surgical instrument is provided
that includes a mount body, an arm, a tool, and a tube; the mount body
configured to mount to a retractor or a surgical table; the arm pivotally
connected on a proximal end to the mount body; the tool connected to a distal
end of the arm; the arm configured to be movable between a plurality of
positions relative to the mount body and to be temporarily lockable in these
positions; a distal end of the tube connected at or adjacent a distal end of the
arm; and the mount body configured to removably retain the tube.

[00153]  According to an example embodiment, the mount body includes a recess
sized to receive and removably retain the tube.

[00154]  According to an example embodiment, the mount body includes a clip sized
to receive and removably retain the tube.

[00155]  According to an example embodiment, the mount body further includes an
actuator rotatably mounted to the surgical instrument, the actuator being
configured to change a state of the arm from a flexible state to a rigid state by
rotation of the actuator in a first rotational direction, and from the rigid state to
the flexible state by rotation of the actuator in a counter-rotational direction; and

the actuator configured to removably retain the tube.
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[00156]  According to an example embodiment, the arm is pivotally connected to the
mount body via a joint.

[00157]  According to an example embodiment, the joint includes a disk member.

[00158]  According to an example embodiment, the joint includes a slotted ball.

[00159]  According to an example embodiment, the tube is provided in fluid
communication with the tool.

[00160] According to an example embodiment, that actuator includes a clip
configured to receive and temporarily hold the tube to maintain the tube in a low
profile with the instrument.

[00161]  According to an example embodiment, the instrument is a stabilizer and the
tool comprises at least one contact member configured to be exerted against a
tissue surface to stabilize the tissue surface.

[00162]  According to an example embodiment, the instrument is a positioner and the
tool comprises a suction member defining a vacuum space therein, wherein the
suction member is configured to exert sufficient suction force on an organ to
move the organ when the suction member is placed against the organ, a negative
pressure is applied within the vacuum space to engage the suction member with
the organ, and the suction member is moved.

[00163] According to an example embodiment, the instrument includes a cable
extending through the disk member, at least a portion of the arm and at least a
portion of the mount body, wherein the disk member comprises a slot formed
therein, the slot being curved to facilitate bending and tightening of the cable
thereagainst when the disk member has been pivoted, thereby helping to
eliminate or reduce variations in at least one of cable length and cable tension at
different angular positions of the disk member relative to the mount body.

[00164]  According to an example embodiment, an actuator is rotatably mounted to
the mount body at the proximal end of the mount body and a cable extends from
the actuator through the mount body, disk member, ball and arm. The actuator
and the cable are configured to change a state of the arm from a flexible state to
a rigid state by rotation of the actuator in a first rotational direction, and from the
rigid state to the flexible state by rotation of the actuator in a counter-rotational
direction.

[00165]  According to an example embodiment, a canister is provided in fluid

communication with the tube, the canister having an opening for connecting the
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canister in fluid communication with a vacuum source, the canister configured to
trap fluid therein.

[00166]  According to an example embodiment, a filter is in fluid communication
with the opening of the canister, and the filter is configured to be connected to
the vacuum source and to filter particulates from effluent from the canister.

[00167]  According to an example embodiment, a strap is connected to the canister
and adapted to hang the canister in an upright orientation wherein the opening
for connecting the canister with a vacuum source is higher than a connection
forming the fluid communication of the canister with the tube.

[00168] These and other features of the invention will become apparent to those
persons skilled in the art upon reading the details of the instruments and methods

as more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[00169] Fig. 1 illustrates a surgical instrument configured as a surgical stabilizer
instrument according to an embodiment of the present invention.

[00170]  Fig. 2 illustrates the ability of a joint member, according to the present
invention, to provide an arm with the ability to be positioned very close to the
inner surface of a sternal retractor, relative to the ability of a prior art stabilizer
arm.

[00171]  Fig. 3 is a perspective view of a surgical stabilizer instrument according to
an embodiment of the present invention.

[00172]  Fig. 4 is an exploded view of the stabilizer instrument of Fig. 3.

[00173] Fig. 5 is a longitudinal sectional view illustrating a joint member that
includes a swivel joint that is formed by a disk member pivotally mounted to a
mounting mechanism according to an embodiment of the present invention.

[00174]  Fig. 6 illustrates pivoting action provided by the swivel joint illustrated in
Fig. 5.

[00175]  Fig. 7 illustrates a disk member that is slotted through a proximal portion
thereof, according to an embodiment of the present invention.

[00176]  Fig. 8 is a top view of a slot in a partial, longitudinal sectional view taken in
a plane at right angles to the plane along which the partial sectional view of Fig.

5 is taken.
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[00177]  Fig. 9 illustrates an alternative embodiment of a joint member according to
the present invention, in which a ball is rotationally mounted to a disk member.

[00178] Fig 10 shows an alternative embodiment to the ball shown in Fig. 9,
according to the present invention.

[00179] Fig. 11 shows a configuration in which actuator (not shown) is actuated to
drive the mount body against the disk to thereby lock the angular position of disk
relative to body, according to an embodiment of the present invention.

[00180] Fig. 12 is a sectional view of the embodiment of Fig. 11, but which
additionally shows the actuator.

[00181]  Fig. 13A illustrates a side view of an arrangement wherein scalloped detents
are provided in which a ball can nest, according to an embodiment of the present
invention.

[00182]  Fig. 13B illustrates a top sectional view taken along line A-A of Fig. 13A.

[00183]  Fig. 14 illustrates a joint member and mounting mechanism in which a
notch or slot is provided in mount body and a ball (or alternatively disk member)
is provided with a feature (lip, tang or finger) that slides in a notch or groove as
the disk member pivots relative to the mount body, according to an embodiment
of the present invention.

[00184]  Fig. 15 illustrates a ball having a tri-slot configuration according to an
embodiment of the present invention.

[00185]  Figs. 16A-16C illustrate a joint member in which a ball is provided with a
slot and is rotationally mounted to the distal end of a mount body, according to
an embodiment of the present invention.

[00186]  Fig. 17 shows a device in which both the arm and the actuator are angularly
movable relative to the mounting mechanism according to an embodiment of the
present invention.

[00187]  Fig. 18 illustrates an arrangement in which a slotted ball has been integrated
into a mount body according to an embodiment of the present invention.

[00188]  Fig. 19 illustrates a joint member similar to the embodiment of Figs. 16A-
16C, but where the ball is provided with an opening such as a through bore that
defines a pathway through the ball according to an embodiment of the present
invention.

[00189]  Fig. 20A illustrates a surgical instrument configured as a stabilizer

instrument in which pivoting of the arm and working end relative to a fixed
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portion of the mounting mechanism is provided by a turret rotationally mounted
on top of the mounting mechanism according to an embodiment of the present
invention.

[00190]  Fig. 20B is a partial longitudinal sectional view of the device of Fig. 20A.

[00191]  Fig. 20C illustrates that the actuator lever can be actuated at many different
angles to tighten the cable.

[00192] Fig. 21 illustrates a joint member that uses a turret, but where the turret is
formed with a disk member and ball according to an embodiment of the present
invention.

[00193] Fig. 22 shows a surgical instrument configured as an organ positioner
instrument according to an embodiment of the present invention.

[00194]  Fig. 23 is an exploded view of the instrument of Fig. 22.

[00195]  Fig. 24 shows two surgical instruments, a first configured as a positioner
instrument and a second configured as a stabilizer insttument, both mounted to
rails of a sternal retractor according to an embodiment of the present invention.

[00196]  Fig. 25 is a partial, longitudinal sectional view of the device of Fig. 22.

[00197]  Fig. 26 is a top view of a slot in a partial, longitudinal sectional view taken
in a plane at right angles to the plane along which the partial sectional view of
Fig. 25 is taken.

[00198] Fig. 27 is partial view illustrating details of a mounting mechanism
according to an embodiment of the present invention.

[00199]  Fig. 28A shows an actuator drawn back proximally in the locked position
and streamlined with the mounting mechanism according to an embodiment of
the present invention.

[00200]  Fig. 28B illustrates the actuator of Fig. 28A in the unlocked configuration
according to an embodiment of the present invention.

[00201]  Fig. 28C is a cross-sectional view of Fig. 28A taken along line 28C-28C.

[00202]  Fig. 28D is a cross-sectional view of Fig. 28B taken along line 28D-28D.

[00203] Figs. 29A-29B show a side view and an end view, respectively, of an
actuator according to an embodiment of the present invention.

[00204] Fig. 29C illustrates a surgical instrument configured as a stabilizer
instrument with a mount body configured to removably retain a tube, according

to an embodiment of the present invention.
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[00205] Figs. 30A-30B show a side view and an end view, respectively, of an
actuator according to another embodiment of the present invention.

[00206] Fig. 31A is a perspective view of a canister according to an embodiment of
the present invention.

[00207] Fig. 31B is a longitudinal sectional view of the canister of Fig. 31A taken
along line 31B-31B.

[00208] Fig. 31C is a longitudinal sectional view of the canister of Fig. 31A taken
along line 31C-31C.

[00209] Fig. 31D illustrates a strap provided with a canister according to an
embodiment of the present invention.

[00210]  Fig. 32 illustrates use of a stabilizer instrument and a positioner instrument,
each with a canister according to an embodiment of the present invention.
[00211]  Figs. 33A-33B show an alternative mounting mechanism actuator according

to an embodiment of the present invention.

[00212]  Figs. 34A-34B illustrate alternative features that may be provided with a
working end of a stabilizer instrument according to various embodiments of the
present invention.

[00213]  Fig. 35 illustrates a modification whereby contact members are tapered from
a thicker dimension at the outside edges thereof, to a thinnest dimension at the
inside edges 16’ thereof according to an embodiment of the present invention.

[00214]  Fig. 36 illustrates an embodiment of a device having an alternative arm in
which an intermediate link is provided that is adjustable by a user to adjust the
tension in the cable distally thereof according to an embodiment of the present
invention.

[00215]  Fig. 37 illustrates an embodiment of a device having an alternative actuation

mechanism according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[00216] Before the present instruments and methods are described, it is to be
understood that this invention is not limited to particular embodiments
described, as such may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to be limiting, since the scope of the present invention

will be limited only by the appended claims.
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[00217] Where a range of values is provided, it is understood that each
intervening value, to the tenth of the unit of the lower limit unless the context
clearly dictates otherwise, between the upper and lower limits of that range is
also specifically disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or intervening value in
that stated range is encompassed within the invention. The upper and lower
limits of these smaller ranges may independently be included or excluded in the
range, and each range where either, neither or both limits are included in the
smaller ranges is also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the stated range includes
one or both of the limits, ranges excluding either or both of those included limits
are also included in the invention.

[00218] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although any methods and materials similar
or equivalent to those described herein can be used in the practice or testing of
the present invention, the preferred methods and materials are now described.
All publications mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the
publications are cited.

[00219] It must be noted that as used herein and in the appended claims, the terms
“lock” or “locked” shall mean to constrain or make immovable, or movable with
difficulty.

[00220] It must be noted that as used herein and in the appended claims, the
singular forms "a", "an", and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to "a contact member"
includes a plurality of such contact members and reference to "the device”
includes reference to one or more devices and equivalents thereof known to
those skilled in the art, and so forth.

[00221] The publications discussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be
construed as an admission that the present invention is not entitled to antedate
such publication by virtue of prior invention. Further, the dates of publication

provided may be different from the actual publication dates which may need to
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be independently confirmed.

[00222] Although the instruments described herein are described for use on the
heart, it is noted that these instruments are not limited to use on the heart, but can
be used for surgical procedures on other organs or tissues, such as to position
and/or stabilize other organs or tissues.

[00223]  Figure 1 shows a surgical instrument configured as a stabilizer instrument
10 according to an embodiment of the present invention. . Stabilizer instrument
10 includes a mounting mechanism 20 configured to mount the stabilizer
instrument 10 to a relatively fixed object, such as a sternal retractor, operating
table, etc. In Fig. 1, stabilizer instrument 10 is mounted to a rail 202 of a sternal
retractor 200. The sternal retractor is shown being used in an open-chest
procedure in which an opening 2 has been spread to expose the heart 4 of the
patient 1.

[00224]  Stabilizer instrument 10 further includes an arm 12 pivotally connected to
and extending distally from a distal end 24 of mount body 22. The top surface
26 of mount body 22 has a low profile and preferably is smooth so as not to
catch sutures, surgical gloves or any other object susceptible to being caught on
a non-smooth surface. Additionally, this smooth surface can be used by the
surgeon to rest a hand or finger against, to assist in steadying the hand during
suturing, for example. Because arm 10 extends from the distal end 24 of mount
body 22 and not from the top surface 26 as in many prior art instruments, it
provides a lower profile, relative to the height of the patient’s 1 chest 2 and the
sternal retractor 200. This makes the instrument less of an obstruction (relative
to prior art stabilizer instruments where the arm is attached to the top of the
attachment mechanism) to the surgeon or anyone else trying to access the
surgical working space 3.

[00225] Stabilizer instrument 10 further includes a working end 14 mounted to a
distal end portion of arm 12. The working end 14 of stabilizer instrument 10
includes at least one contact member 16. A pair of contact members 16 are
provided in the embodiment shown in Fig. 1. Contact members 16 are
configured and dimensioned to contact the surface of tissue at a surgical target
area to stabilize the tissue and to facilitate the performance of a surgical

procedure. For example, in Fig. 1, the contact members are shaped, configured
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and dimensioned to contact the surface of the heart 4 on opposite sides of a
coronary artery on which an anastomosis is to be performed.

[00226] Contact members 16 may be configured to engage tissue by mechanical
means (which optionally may include friction enhancing contact surfaces), by
application of suction, or combinations thereof. There are many different
embodiments of contact members that may be employed in a surgical stabilizer
instrument according to embodiments of the present invention. Further
examples of such contact members and details of the same can be found in U.S.
Patent Nos. 5,727,569; 5,875,782; 5,894,842; 5,906,607; 5,957,835; 5,976,069;
6,032,672; 6,036,641; 6,050,266; 6,120,436; 6,213,941; 6,231,506; 6,283,912;
6,290,644; 6,315,717; 6,331,158; 6,346,077; 6,375,611; 6,394,951; 6,406,424
6,511,416; 6,626,830; 6,652,454; 6,656.113; 6,673,013; 6,685,632; 6,701,930;
6,743,169; 6,758,808; 6,849,044; 6,852,075; 6,893,391; 7,056,287; 7,220,228;
7,238,155; 7,326,177; 7,335,158; 7,485,090; 7,497,824; and 7,503,891, each of
which is hereby incorporated herein, in its entirety, by reference thereto.

[00227]  Mount body 22 is configured and dimensioned so that the distal end 24
thereof is substantially laterally flush with an inner surface 200i of the sternal
retractor 200, particularly with an inner surface of the arm/blade 204 of the
sternal retractor. Alternatively, the distal end 24 may extend slightly beyond the
inner surface 200i or end slightly proximally of the inner surface 200i. In any
case, when the stabilizer instrument is fixed to rail 202 as shown in Fig. 1, the
distal end 24 of the mount body 20 does not extend substantially into the surgical
working space 3, and thus forms much less of an obstruction than currently
available surgical stabilizers. Further, the joint member 30 that joins arm 12
provides the arm 12 with the ability to be positioned very close to the inner
surface 200i, relative to the ability of a prior art stabilizer arm 1012 of prior art
stabilizer 1000, as shown in Fig. 2. This also reduces the amount of obstruction
created by the stabilizer 10 and particularly the stabilizer arm 12. Joint member
30 even permits arm 12 to be oriented in contact with the inner surface 200i.
Still further, the joint member 20 is configured such that a portion of the arm 12
extending from and immediately adjacent the joint member 30 is pivotable to
and temporarily lockable in a position substantially perpendicular to the mount
body 22, as illustrated in Fig. 2. Specifically, as shown in Fig. 2, the most

proximal link 44 of arm 12 can be positioned substantially perpendicular (i.e., at
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an angle of about 80 degrees to about 90 degrees) to the mount body 22.

[00228]  Joint member 30 is pivotally mounted to mount body 22 at the distal end
portion thereof, so that arm 12, which is joined to the distal end of joint member
30, extends from the distal end 24 of mount body 22. Fig. 3 is a perspective
view of a surgical stabilizer instrument 10 according to an embodiment of the
present invention. Working end 14 is mounted to the distal end of arm 12 via a
joint 56 (ball and socket joint in the embodiment shown in Fig. 3) as described in
more detail in previous patents incorporated by reference above.

[00229]  Arm 12 comprises a plurality of articulating links 40 that allow the arm 12
to be flexible in a first configuration, but which can be compressed to render the
arm 12 substantially rigid in a second configuration. In the embodiment shown
in Fig. 3, links 40 include alternating ball joints 42 and biconcave disks 44.
Balls 42 are made of a plastic have a hardness that is less than the hardness of
the material (typically, plastic) that the disks 44 are made of. This allows the
disks 44 to become embedded into the balls 42 during compression of the
components applied by applying tension to the tensioning member running
therethrough, thus increasing the rigidity of the arm by the grip imposed by the
embedding disks. Further details and examples of suitable arms are described in
U.S. Patent No. 6,506,149, which is hereby incorporated herein, in its entirety,
by reference thereto. Alternatively, links 40 may include (but alternatives are
not limited to these examples) a series of ball joints, a series of joints having one
convex side and one concave side, or any of the other embodiments described in
U.S. Patent No. 6, 506, 149, or any of the embodiments described in U.S. Patent
No. 6,758,808, for example.

[00230]  Each link 40 includes a central channel 40c therethrough which may be
tapered at both ends to allow a cable 46 (see the exploded view of Fig. 4) to pass
through it smoothly and easily (and to improve rigidity in the arm'’s rigid state).
Cable 46 extends through links 40, joint member 30, mount body 22 and
connects proximally to an actuation mechanism 50 and connects distally to a
mechanism configured to lock or unlock joint 56. The distal-most articulating
member 43 at the distal end of arm 12 includes a cavity 43¢ which opens at the
distal end of the articulating member 43 and is adapted to at least partially
receive coupling members 58, 47 and 60. A socket member 56s caps the distal

end of the stabilizer arm 12 and is mated to the distal most articulating member
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43 via coupling members 58, 47 and 60, in concert with the tensioning cable 46
which runs through the stabilizer.

[00231]  Socket member 56s includes an opening 56p, which is dimensioned to
freely receive the ball portion 56b to which working end 14 is fixed. Socket
member 56s further includes a slot 561 dimensioned to receive stem 56t,
allowing it to slide freely in the slot 561 while at the same time preventing ball
portion 56b from passing therethrough. A proximal opening is provided in the
socket member 56s and dimensioned to receive at least a portion of coupling
members 58, 47 and 60.

[00232] Coupling member 60 may be a socket cap which is received within the
proximal opening. Socket cap 60 includes a base or cap portion (shown and
described in greater detail in U.S. Patent No. 6,758,808) to abut ball portion 56b
and maintain it in its position in the socket member 56s. In the example shown,
the cap portion has a substantially planar bottom surface with a circular opening
dimensioned to ride against the sphericity of the ball portion 56b. Of course,
other configurations of the bottom surface are contemplated which would
accomplish the same function, e.g., the ability to apply force against the ball
portion 56b and maintain the ball portion within the socket member 56s, while
also allowing the ball portion to rotate. Still further, upon increased application
of force, the cap portion has the ability to lock the ball portion 56s and prevent it
from rotating.

[00233] The outer surface of the socket cap 60 is substantially cylindrical and
adapted to slidably and rotatably fit within the cavity of the coupling member
56s introduced by the proximal opening thereof. This allows rotation of the
working end 14 about the longitudinal axis of the maneuverable arm 12 when
the stabilizer 10 is in a non-rigid state. The proximal portion of the socket cap 60
includes driving surfaces adapted to abut against the distal most articulating
member 43 and transmit force against the ball portion 56b when the cable is
tensioned. Upon complete release of tension in the stabilizer 10 cable 46, the
socket member 56s may be pulled in a direction away from the distal most
articulating member 43 by a sufficient distance to allow ball portion 56b to be
extracted through opening 56p, for example to change the setup by replacing the
existing working end 14 with a different one. Thus, a change may be made

between working ends 14 to choose a different design or configuration, or even

34



WO 2011/159733 PCT/US2011/040399

to change to one which operates on a different principle. For example a change
from a mechanical contact member, which operates by applying physical
pressure against the beating heart tissue, may be replaced with a negative
pressure contact member, which engages the heart by vacuum. In this regard,
any of the contact members described herein could be exchanged for operation
in the stabilizer 10 described. Additionally, other known contact members could
be used or adapted to be used by those of ordinary skill in the art.

[00234]  The socket cap 60 further includes recessed or open portions dimensioned to
receive the arms of coupling member 58. The recessed portions are continuous
over the length of the socket cap 60 and are also defined along the perimeter of
the cap portion. In this way, the arms of coupling member 58 interfit with the
socket cap and are continuous with the outer perimeter thereof to form a
cylindrical surface for rotating against the socket member 56s. The interior
surface of socket member 56s is undercut near the proximal end to form an
annular groove that extends around the interior circumference of the proximal
end portion and underlies a lip formed thereby. Upon assembly, tines which
extend outwardly from the arms of coupling member 58 at the distal ends of the
arms, engage the groove and are prevented from being withdrawn from the
socket member 56s by the lip. Because the lip and groove extend around the
entire inner circumference of the socket member 56s, coupling member 58 is
free to rotate with socket cap 60 in an unlocked configuration of the stabilizer
10. The outside ends of the tines are preferably chamfered or beveled to ease the
insertion of the coupling member 58 into the socket member 56s.

[00235] A cable fitting is provided as a part of the coupling assembly, and includes
an enlarged ball-shaped or other shape stop portion/coupling member 47 which
has an abutment surface adapted to abut against coupling member 58 to apply a
force thereto when the cable is drawn up thereagainst.

[00236] The proximal end of cable 46 is connected to actuation mechanism that is
configured to increase or decrease tension in cable 46 by drawing the proximal
end portion of cable 46 proximally or moving it distally relative to mount body
22, respectively. Increase and decrease of tension is actuated by actuator 52,
such as the knob shown in Figs. 3-4. Further details about the operation of
mechanism 50 and alternative embodiments of such mechanism can be found,

for example, in U.S. Patent No. 6,758,808 and other patents incorporated by
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reference above. The present invention is not intended to be limited to the
mechanism 50 shown in Fig. 4, as other mechanisms that provide the same
function can be substituted.

[00237] In the embodiment shown in Figs. 3-4, working end 14 includes openings
16s through the contact surfaces of contact members 16 that are configured to
apply suction (negative pressure) to the surface of the tissue to be stabilized, to
cause the contact surfaces to engage the tissue. Openings 16s are in fluid
communication with vacuum tube 62, which is configured, at its proximal end,
to be connected in fluid communication with a source of negative pressure. A
connector 64 provided at the proximal end of vacuum tube 62 may be color
coded (e.g., color coded blue, or some other distinct color), so that users can
readily visually distinguish this vacuum tube from other vacuum tubes that may
be being used during the procedure (such as a vacuum tube for a positioner,
discussed in more detail below). This can be important when the different
vacuum tubes require different vacuum characteristics, such as the magnitude of
negative pressure, for example, as it helps prevent mistaken attachment of a
vacuum tube to the wrong vacuum source. Color coding the luer or tubing is an
inexpensive way of distinguishing the tube.

[00238]  The joint member 30 includes a swivel joint 32 that is formed by a disk
member 34 pivotally mounted to mounting mechanism 20 as illustrated in Fig. 3
and in the partial, longitudinal sectional view of Fig. 5. The pivoting action
provided by swivel joint 32 allows the stabilizer arm 12 to be pivoted out of the
way so that the arm does not excessively protrude into the surgical working
space 3. As illustrated in Fig. 6, the arm can be pivoted towards the right or left
of the distal end 24 of mount body 22, by pivoting disk member 34 relative to
mount body 22, so that the arm 12 approximates or even contacts the inner
surface of the retractor 2001 and the arm can thus be adjusted to follow along the
contour of the perimeter of the surgical working space 3. The pivoting can be
achieved along a single plane coexistent with the disk member 34.
Additionally, the pivoting can occur without movement of the actuating
mechanism 50 with respect to the mount body 22.

[00239]  Disk member 34 is slotted with slot 34s through a proximal portion thereof,
forming top and bottom proximal disk surfaces 34p wherein the slot 34s

typically sweeps through at least about 120 degrees of the periphery of the disk
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member 34, more typically at least about 150 degrees as shown in Fig. 7, and
extends into the center of the disk member 34. Slot 34s allows the cable 46 to be
tensioned while maintaining (i.e., without changing or affecting) the rotational
position of disk member 34 relative to the mount body 22. The pivot point at the
center of the disk member 34 allows the disk member 34 to maintain its angular
position during tensioning of the cable 46.

[00240]  As shown in the embodiment of Fig. 8, which provides a top view of slot
34s in a partial, longitudinal sectional view taken in a plane at right angles to the
plane along which the partial sectional view of Fig. 5 is taken, the disk member
34 rotates in a circular slot without a pin. Pivoting is caused by sliding along
mating circular surfaces of the disk member 34 and the circular slot. The disk
member 34 is held in place by friction and an interference fit with the circular
slot 22s formed within the distal end 24 of mount body 22. The radius of the
disk member 34 is slightly larger than the radius of curvature of slot 22s. When
the cable 406 is tensioned, the disk member 34 is pulled into a seat formed by the
circular slot 22s. Chamfers 34r formed by removing corners at the top and
bottom circular edges of the disk member 34 (see Fig. 5) may be provided to
facilitate seating the disk member 34. When the cable 46 is not tensioned, the
disk member 34 is retained in the distal end of the mount body by arm 12, distal
end of mount body 24 and cable 46. The curvature 34¢ at the distal ends of the
slot facilitates bending and tightening of the cable thereagainst when disk
member 34 has been pivoted, and helps to eliminate or reduce variations in cable
length/tension at different angular positions of the disk member 34. Preferably
the disk member is metal such as stainless steel, and the ball 36 is plastic and
press fitted onto disk member 34. Ball member 30, like the other balls in the
arm, is softer than the disc member 44 that it interfaces with, so that disc
member 44 bites into ball 36 to help provide further rigidify to the arm 12 when
the arm 12 is in a locked configuration.

[00241]  Additionally, joint member 30 includes a ball 36 extending from a distal end
of disk member 34 as shown in Fig. 7. Ball 36 is dimensioned to cooperate with
a concave proximal surface of link 44, thereby allowing ball and socket type,
three-dimensional articulation of the link (and therefore the arm 12 and working
end 14) relative to ball 36. Ball 36 may also be slotted 36s to further facilitate or

optionally control the downward angulation of arm 12 relative to mount body
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22, thereby facilitating positioning the arm downwardly and following the
contour of the retractor and perimeter of the surgical opening as illustrated in
Fig. 6. Slot 36s may be provided with a curvature 36c on the proximal end
thereof, as illustrated in Fig. 5. Curvature 36¢ at the proximal end of the slot 36s
facilitates bending and tightening of the cable thereagainst when arm 12 has
been pivoted downwardly relative to ball 36/disk member 34, and helps to
eliminate or reduce variations in cable length/tension at different angular
positions of the arm 12. Further, a lubricious sleeve 46s (such as one made of
polytetrafluoroethylene) or lubricious coating nay be provided over cable 46 to
help facilitate sliding and reduce friction, as illustrated in Fig. 8.

[00242]  Fig. 9 illustrates an alternative embodiment of joint member 30 in which
ball 36 is rotationally mounted to disk member 34. Optionally, detents or ratchet
teeth 48 may be provided to allow a ratchet-like adjustment of the rotational
position of ball 36, relative to disk member 34.

[00243] Fig. 10 illustrates another alternative embodiment of ball 36 wherein ball 36
is provided with two intersecting slots 36s1, 36s2 formed perpendicularly to one
another. Further alternatively, three or more intersecting slots 36s may be
provided. Like the previous embodiments, ball 36 may be fixed to disk member
34 or may be rotationally mounted to disk member 34. Optionally, detents or
ratchet teeth 48 may be provided to allow a ratchet-like adjustment of the
rotational position of ball 36, relative to disk member 34.

[00244] Fig. 11 shows an embodiment in which actuator (not shown) is actuated to
drive disk 34 against mount body 22 to thereby lock the angular position of disk
34 relative to body 22. Additionally, ball 36 is angled downwardly relative to
the plane of orientation of disk 34, i.e., see angle 39. It is noted that any of the
other balls 36 described above as well as below can alternatively be positioned at
a downwardly angled orientation relative to the plane of disk 34.

[00245]  Fig. 12 is a sectional view of the embodiment of Fig. 11, but which
additionally shows an actuator 52. As the actuator 52 is tightened (by turning
against the screw mechanism within) against the body 22 it drives the disk 34
against body 22 and at the same time, pulls the balls 36, 42 and links/disc
members 44 together, tightening the arm 12 and joint between disk 34 and
housing 22.
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[00246]  Figs 13A-13B illustrate a side view and a top sectional view taken along
line A-A of Fig. 13A, wherein mount body 22 is provided at its distal end
portion with a plurality of horizontally and radially distributed scallops or
detents 54 each configured and dimensioned to receive a proximal most ball 42
of arm 12 or 1012. Upon applying tension through cable 46, this draws the
proximal-most  ball 42  into  locking  engagement with  the
receptacle/scallop/detent 54 in which it is positioned. Further application of
tension locks the arm 12, 1012 as already described. Upon removing tension
from cable 46 and sufficiently lengthening/loosening the cable 46, the proximal
most ball 42 can be manually dislodged from it current position in one of the
scallops 54 and moved to a desired location received by another of the scallops
54, as indicated in phantom lines in Fig. 13B. Thus, proximal most ball 42 can
be positioned (and then locked) in any of the scallops, thereby providing the
ability to angle the arm 12, 1012 in the horizontal plane relative to the
longitudinal axis of the mount body 22, as illustrated by angle 57 in Fig. 13B.

[00247]  Fig. 14 illustrates an embodiment of joint member 30 and mounting
mechanism 20 in which a notch or slot 66is provided in mount body and ball 36
(or alternatively disk member 24) is provided with a feature (lip, tang or finger)
68 that slides in notch or groove 66 as disk member 34 pivots relative to mount
body 22. Upon locking down the joint member 30, arm 12 and working member
14 by drawing on cable 46 using actuator 52, feature 68 abuts against the upper
surface of slot 66, which prevents the disk member 34 from lifting. Pin 35 is
shown in Fig. 14 and is the feature about which disk member pivots. A spring
70 is provided in slot 70s. Spring 70 has sufficient spring force to separate the
proximal end of disk member 34 from contact with the mount body 22 when
tension is release in cable 46.

[00248]  Fig. 15 illustrates an embodiment of ball 36 having a tri-slot configuration
in which slots 36al, 36s2 and 36s3 join to form a Y-shape.

[00249]  Figs. 16A-16B illustrate an embodiment of a joint member 30 in which a
ball 36 is provided with a slot 36s and is rotationally mounted to the distal end of
mount body 22. In this way, joint member 30 provides similar functionality to
the joint members 30 previously described that include disk member 34 and ball

36. The functionality is similar in that ball 36 can be rotated (see curved arrows
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in Fig. 16B), which then allows horizontal rotation or pivoting of the arm 12
when slot 36s is horizontally oriented as in Fig. 16C.

[00250] Fig. 17 shows an embodiment in which both the arm 12 and the actuator 52
are angularly movable relative to the mounting mechanisms 20. In this regard, a
joint 72 is provided to allow at least downward angulation of the actuator knob
52 relative to the mounting mechanism 20. Any of the joint members 30
described herein may be provided to allow angulation of the arm 12 relative to
the mounting mechanism. By allowing angular movement of the actuator, this
allows the user to move the actuator 52 to cause less of an obstruction to the
surgeon or other personnel trying to access the surgical space 3. It is also less
likely to catch sutures or other equipment when moved downwardly as shown in
Fig. 17.

[00251] Fig. 18 illustrates an embodiment in which slotted ball 36 has been
integrated into mount body 22. This reduces part count required for
manufacturing, but may not be as efficient at maintaining the relative pivotal
position of the arm 12 relative to the mount body 22 when the cable 46 is
tightened. Optionally scallops 74 may be provided in the slotted portion 36s of
ball 36 to reduce the tendency of the cable 46 to straighten the arm 12 relative to
the body 22 as tension is applied.

[00252]  Fig. 19 illustrates an embodiment of a joint member 30 similar to the
embodiment of Figs. 16A-16C, but where ball 36 is provided with an opening
36p such as a through bore that defines a pathway through ball 36 that guides
cable 46 from an orientation substantially aligned with the longitudinal axis of
body 22 at end 36pl, to an orientation forming an angle with respect to the
longitudinal axis of the body 22 at end 36p2. In the example shown, the angle is
about ninety degrees. However this angle may vary and may be selected from a
range of about seventy-five degrees to about one hundred thirty five degrees,
more typically from a range of about eighty degrees to about one hundred and
ten degrees. A cross pin 37, such as a stainless steel pin may be provided to help
support the guide path of 36p and to help reduce wear. Pin 37 provides the
location over which the cable bends. The pin 37 is provided as a metal
component to withstand the high drag (frictional) forces when the cable 46 is
pulled at high tensions over the bend 36p. Pin 37 is cross-pinned through

component 36, such a by press fitting and/or using adhesives or other fixative.
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Ball 36 is further provided with slot 36s and is rotationally mounted to the distal
end of mount body 22. In this way, joint member 30 provides similar
functionality to the joint members 30 previously described that include disk
member 34 and ball 36. The functionality is similar in that ball 36 can be
rotated, which then allows change in the angular position of arm 12 relative to
the horizontal plane. Also, a rigid insert molded curved tube can be provided
around the cable to prevent or reduce wear of the components as the tube
provides less frictional resistance than the cable as it slides against the other
components.

[00253] Fig. 20A illustrates an embodiment of a stabilizer instrument in which
pivoting of the arm 12 and working end relative to a fixed portion of mounting
mechanism 20 is provided by a turret 30t rotationally mounted on top of the
mounting mechanism 20. Actuator 52 in this embodiment comprise a lever that
is configured with a cam mechanism for quick tensioning (and also quick release
of tension) of cable 46. The contact members 16 of working portion 14 are
supported intermediate of their lengths by shafts 17 used to support the contact
members 16 and connect them to arm 12 via shaft 17° and a ball joint
mechanism like described previously. The intermediate connection of the shafts
17 to the contact members 16 places stabilization points closer to the target
surgical site to be stabilized.

[00254]  Fig. 20B is a partial longitudinal sectional view of the device 10 of Fig. 20A
showing the path of cable 46 through the mounting mechanism 20 and turret 30t.
Because the cable extends up through the center 30c of the turret 30¢, this allows
the turret to maintain its rotational position relative to mount mechanism 20
during tightening. Fig. 20C illustrates that actuator lever 52’ can be actuated at
many different angles to tighten the cable 46.

[00255]  Fig. 21 illustrates a joint member that uses a turret 30t, but where the turret
30t is formed with a disk member 34 and ball 36. Disk member 34 is slotted 34s
and ball 36 is slotted 36s. Turret 30t interfaces the distal end of mount body 22,
and is provided with detents 34d for discrete incremental rotations of the turret
30t relative to mount body 22 and which help to maintain the current angular
position of turret 30t relative to mount body 22. A pivot element 34p such as a
peg or the like is inserted into slot 28s of fixation mount 28 which allows turret

30t to rotate relative to fixation mount 28 and mount body 22, and also allows
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cable 46 to draw turret 30t into contact with the distal surface 24 of mount body
22 and compress it thereagainst to prevent rotation of turret 30t relative to mount
body 22.

[00256]  Figure 22 shows a surgical instrument configured as an organ positioner
instrument 100 according to an embodiment of the present invention. Positioner
instrument 100 includes a mounting mechanism 120 configured to mount the
positioner instrument 100 to a relatively fixed object, such as a sternal retractor,
operating table, etc. In Fig. 24, positioner instrument 100 is mounted to a rail
202 of a sternal retractor 200.

[00257]  Positioner instrument 100 further includes an arm 112 pivotally connected
to and extending distally from a distal end 124 of mount body 122. The top
surface 126 of mount body 122 is smooth so as not to catch sutures, surgical
gloves or any other object susceptible to being caught on a non-smooth surface.
Additionally, this smooth surface can be used by the surgeon to rest a hand or
finger against, to assist in steadying the hand during suturing or other procedural
step, for example. Because arm 112 extends from the distal end 124 of mount
body 122 and not from the top surface 126, it provides a lower profile, relative to
the height of the patient’s 1 chest opening 2 and the sternal retractor 200 than a
design where the arm extends from a top of the mount body. This makes the
instrument less of an obstruction (relative to prior art stabilizer instruments
where the arm is attached to the top of the attachment mechanism) to the surgeon
or anyone else trying to access the surgical working space 3.

[00258] Positioner instrument 100 further includes a working end 114 mounted to a
distal end portion of arm 112. The working end 114 of positioner instrument
100 includes at least one contact member 116. A single contact member 116 is
provided in the embodiment shown in Fig. 22, although multiple contact
members 116 may be alternatively provided. A compliant joint 118 is provided
for mounting contact member 116 to a rigid structure while still allowing a
limited range of movements of the contact member 116. Contact member 116 is
a suction member that is configured to attach to an organ and engage the organ
by application of negative pressure through the suction member, with sufficient
strength to move the engaged organ and maintain it in a displaced orientation. In
one embodiment, this includes maintaining the apex of the heart in an elevated,

suspended, orientation. Suction member 116 of Figs. 22-23 includes a cup 151,
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a hollow shaft 153 fixedly attached to cup 151, and fitting 157 (for attaching a
suction line 162 to shaft 153). Shaft 153 is oriented with its axis parallel to the
central longitudinal axis of cup 151. Conforming seal 252 is mounted to the
distal surface of cup 151. Seal 252 forms a seal with the heart (or other organ)
when vacuum is applied through cup 151 and seal 252 is placed in contact with
the organ. Optionally a filter 155, such as a foam filter, screen or the like, can be
fitted within the cup 151 (by friction fit, co-melding and/or adhesive or other
mechanical or chemical means, for example) to prevent the organ tissue from
being sucked substantially into the internal area of cup 151. The concave inner
surface of cup 151 may further optionally be lined with soft and absorbent
material (preferably non-woven rayon or viscose fabric, but alternatively another
material such as gauze or a material of a type currently used in neuro-sponges).
The absorbent material is preferably capable of absorbing enough blood and/or
other bodily fluid to significantly improve traction between the cup and organ,
and preferably also functions (together with filter 155, if present) to diffuse the
suction exerted by member 151 on the organ.

[00259] Conforming seal 252 is preferably made of biocompatible foam having
some open cells (to control a slow flow of air through seal 252), and some has
closed cells (including those which define a "skin" on the distal surface of seal
252, which is the surface designed to contact the organ). The size and ratio of
the open cells to the closed cells governs the rate at which air moves through the
seal 252, in order to hold and continue to hold suction (with the skin of the seal
252 engaged against an organ or tissue) with a given amount of vacuum applied
in 151. As noted, the skin is especially smooth so that when contacting the
surface of the organ/tissue, it forms a seal therewith that is airtight and does not
leak to reduce the amount of vacuum applied.

[00260] Compliant joint 118 is attached to the distal end of arm 112. This
connection may be formed in the same manner as described above with regard to
components 43, 47, 58, 60 and 56s above in the stabilizer embodiment of Figs.
3-4. Alternative connections may be substituted as described in the patents that
have been incorporated above. Other alternative connections, as well as
alternative suction members that may be substituted can be found in U.S. Patent
Nos. 6,019.722; 6,338,712; 6,361,493; 6,390,976; 6,506,149; 6,610,008;
6,730,020; 6,969,349; 6,705,988; 6,726,622; 6,743,170; 6,899,670; 7,179,224;

43



WO 2011/159733 PCT/US2011/040399

7,195,591; 7,226,409; 7.,377,895; 7,404,792; 7,476,196; 7.476,199; and
7,479,104, each of which is hereby incorporated herein, in its entirety, by
reference thereto.

[00261] Arm 112 may be made in the same manner as arm 12 discussed above,
although the members 140 and 142 may have smaller cross sectional dimensions
than corresponding members 40 and 42. Alternatively, any arm that has a
flexible configuration, and which can be actuated to a rigid configuration may be
used, including any arms described in any of the patents incorporated by
reference herein. Mounting mechanism 120 is provided to fix the positioner 100
to a stationary object, such as a sternal retractor or other fixed object.

[00262]  Fork 165 is fixed to ball 56b via a post or is integrally made with the ball
56b and post. Ball 56b is free to rotate relative to socket 56s when the cable 46
is relieved of tension and arm 112 is in a flexible state. This freedom to rotate is
three-dimensional freedom provided by a ball and socket arrangement. Roller
164 is rotationally mounted between the tines of form 165 and is free to rotate
relative thereto. Roller 164 defines a central channel 164c, and shaft 153 of
contact member 114 extends through channel 164c as shown in Fig. 22.
Preferably, spring 156 is positioned around shaft 153 between fitting 157 and
roller 164. Spring 156 is compressed by the force exerted on it by fitting 157
and roller 164.

[00263] During beating heart surgery, the positioner 100 of Fig. 22 functions as
follows. Working portion 114 is fixedly attached by suction exerted through
suction line 162, fitting 157, shaft 153 and cup 151 to the surface of the beating
heart, thereby engaging the working portion 114 so that the cup 151 moves as a
unit with the beating heart. The weight of the heart causes shaft 153 (and the
entire cup 151) and roller 164 to rotate as a unit relative to fork 165. As shaft
153 and roller 164 rotate as described relative to fork 165, fork 165 typically
also rotates relative to socket 56s. In some implementations, the device is
implemented so that rotation of fork 165 relative to socket 56s occurs only
during gross manipulation of the suction member 151 (with the heart coupled by
suction to the suction member). In addition, as the shaft 153 and cup
151oscillate, substantially vertically as a unit with the surface of the beating
heart, shaft 153 slides (through central channel 164c of roller 164) relative to

roller 164 (as the vertical position of roller 164 is fixed by fork 165.
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[00264]  Spring 156 dampens the oscillating motion of shaft 153 relative to roller
164, in the following manner. As shaft 153 slides vertically downward relative
to roller 164, spring 156 is compressed (converting some of the kinetic energy of
shaft 153 into potential energy). Then, as shaft 153 slides vertically upward
relative to roller 164, spring 156 relaxes (elongates) back to its equilibrium
position (assisting in pulling the heart surface upward as some of the potential
energy stored in the spring is converted to kinetic energy of shaft 153).
Optionally, fork 165 may include a pivoting latch (not shown, see U.S. Patent
No. 6,506,149, Fig. 30 and description thereof) which can be manually rotated
between two positions: a first position in which it does not prevent shaft 153
from translating relative to roller 164; and a second (locking) position in which it
prevents translation of shaft 153 relative to roller 164.

[00265]  Mount body 122 is configured and dimensioned so that the distal end 124
thereof is substantially flush with an inner surface 200i of the sternal retractor
200, particularly with an inner surface of the arm/blade 204 of the sternal
retractor. Alternatively, the distal end 124 may extend slightly beyond/inward of
the inner surface 200i or end slightly before/outward of the inner surface 200i.
In any case, when the positioner instrument 100 is fixed to rail 202 as shown in
Fig. 24, the distal end 124 of the mount body 20 does not extend substantially
into the surgical working space 3, and thus forms much less of an obstruction
than currently available surgical stabilizers. Further, the joint member 130 that
joins arm 112 provides the arm 112 with the ability to be positioned very close
to the inner surface 200i. Thus, both the stabilizer instrument 10 and the
positioner instrument 100 as described herein, can be oriented so that the arms
12 and 112, respectively, thereof, follow along the perimeter of the working
space, thereby greatly increasing the amount of unobstructed working space 3
available to the surgeon, as shown in Fig. 24. Joint member 130 even permits
arm 112 to be oriented in contact with the inner surface 200i. In particular, the
mount body angles of positioning are possible due to the pivoting of joint
member 130 (or of ball 36 with slot 36s). These angles created by pivoting joint
member 130 are substantially smaller than the angles created by alternating ball
joints 142.”

[00266]  Joint member 130 is pivotally mounted to mount body 122 at the distal end

portion thereof, so that arm 112, which is joined to the distal end of joint
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member 130, extends from the distal end 124 of mount body 122. Arm 112
comprises a plurality of articulating links 140 that allow the arm 112 to be
flexible in a first configuration, but which can be compressed to render the arm
112 substantially rigid in a second configuration. In the embodiment shown in
Figs. 22-23, links 140 include alternating ball joints 142 and biconcave disks
144, as described in more detail in U.S. Patent No. 6,506,149. Alternatively,
links 140 may include (but alternatives are not limited to these examples) a
series of ball joints, a series of joints having one convex side and one concave
side, or any of the other embodiments described in U.S. Patent No. 6, 506, 149,
or any of the embodiments described in U.S. Patent No. 6,758,808, for example.

[00267]  Each link 140 includes a central channel therethrough which may be tapered
at both ends to allow a cable 46 (see the exploded view of Fig. 23) to pass
through it smoothly and easily (and to improve rigidity in the arm's rigid state).
Cable 46 extends through links 140, joint member 130, mount body 122 and
connects proximally to an actuation mechanism 50 and connects distally to a
mechanism configured to lock or unlock joint 56. The distal-most articulating
member 43 at the distal end of arm 112 includes a cavity which opens to the
distal end of the articulating member 43 and is adapted to at least partially
receive coupling members 58, 47 and 60. A socket member 56s caps the distal
end of the positioner arm 112 and is mated to the distal most articulating
member 43 via coupling members 58, 47 and 60, in concert with the tensioning
cable 46 which runs through the positioner.

[00268] The proximal end of cable 46 is connected to an actuation mechanism that is
configured to increase or decrease tension in cable 46 by drawing the proximal
end portion of cable 46 proximally or moving it distally relative to mount body
122, respectively. Increase and decrease of tension is actuated by actuator 152,
such as the knob shown in Figs. 22-23. Further details about the operation of
mechanism 50 and alternative embodiments of such mechanism can be found,
for example, in U.S. Patent No. 6,758,808 and other patents incorporated by
reference above. The present invention is not intended to be limited to the
mechanism 50 shown in Fig. 23, as other mechanisms that provide the same
function can be substituted.

[00269] In the embodiment shown in Figs. 22-23, working end 114 includes a

suction cup 151 that is configured to apply suction (negative pressure) to the

46



WO 2011/159733 PCT/US2011/040399

surface of the tissue to be positioned or manipulated, to cause the cup 151 to
engage the tissue. Suction cup 151 is in fluid communication with vacuum tube
162, which is configured, at its proximal end, to be connected in fluid
communication with a source of negative pressure. A connector 164 provided at
the proximal end of vacuum tube 162 may be color coded (e.g., color coded
yellow, or some other distinct color), so that users can readily visually
distinguish this vacuum tube 162 from vacuum tube 62 or other vacuum tubes
that may be being used during the procedure. This is important to distinguish,
since the magnitude of negative pressure used for the positioner 100 may differ
significantly from the magnitude of negative pressure applied through the
stabilizer 10.

[00270]  The joint member 130 includes a swivel or pivot joint 132 that is formed by
a disk member 134 pivotally mounted to mounting mechanism 120 as illustrated
in Fig. 22 and in the partial, longitudinal sectional view of Fig. 25. The pivoting
action provided by swivel joint 132 allows the stabilizer arm 112 to be pivoted
out of the way so that the arm does not protrude into the surgical working space
3. As illustrated in Fig. 25, the arm 112 can be pivoted, by pivoting disk
member 134 relative to mount body 122, so that the arm 112 approximates or
even contacts the inner surface of the retractor 200i and the arm 112 can thus be
adjusted to follow along the contour of the perimeter of the surgical working
space 3.

[00271] Disk member 134 is slotted 134s through a proximal portion thereof,
wherein the slot 134s typically sweeps through at least about 120 degrees of the
periphery of the disk member 134, more typically at least about 150 degrees as
shown in Fig. 20, and extends into the center of the disk member 134. Slot 134s
allows the cable 46 to be tensioned while maintaining the swivel position of disk
member 134 relative to the mount body 122.

[00272]  Fig. 26 provides a top view of slot 134s in a partial, longitudinal sectional
view taken in a plane at right angles to the plane along which the partial
sectional view of Fig.25 is taken. The curvature 34c at the distal ends of the slot
facilitates bending and tightening of the cable 46 thereagainst when disk member
134 has been pivoted, and helps to eliminate or reduce variations in cable

length/tension at different angular positions of the disk member 134.
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[00273]  Additionally, joint member 130 includes a ball 136 extending from a distal
end of disk member 134 as shown in Figs. 25-26. Ball 136 is dimensioned to
cooperate with a concave proximal surface of link 144, thereby allowing ball and
socket type, three-dimensional articulation of the link (and therefore the arm 112
and working end 114) relative to ball 136. Ball 136 may also be slotted 136s to
further facilitate the downward angulation of arm 112 relative to mount body
122, thereby facilitating positioning the arm downwardly and following the
contour of the retractor and perimeter of the surgical opening as illustrated in
Fig. 24. Slot 136s may be provided with a curvature on the proximal end
thereof. The curvature at the proximal end of the slot 136s facilitates bending
and tightening of the cable thereagainst when arm 112 has been pivoted
downwardly relative to ball 136/disk member 134, and helps to eliminate or
reduce variations in cable length/tension at different angular positions of the arm
112. Further, a lubricious sleeve 46s (such as one made of
polytetrafluoroethylene) or lubricious coating nay be provided over cable 46 to
help facilitate sliding and reduce friction.

[00274]  Other variations of ball 136 may be provided, including, but not limited to
the variations of ball 36 described above. Likewise, alternative embodiments of
disk member 134 may be provided like the alternative embodiments of disk
member 34 described above.

[00275]  Fig. 27 is partial view illustrating details of a mounting mechanism 20
according to an embodiment of the present invention. Although these details are
described with regard to mounting mechanism 20 for a stabilizer instrument 10
(shown for example in Figs. 3 — 4), it is noted that the details apply equally to a
mounting mechanism 120 for a positioner instrument according to an
embodiment of the present invention (shown for example in Figs. 22 — 23), as
the same mechanism can be used.

[00276]  Unlike conventional locking mechanisms that use a lever and a cam to
advance a movable jaw of a clamping mechanism relative to a fixed jaw in order
to fix the mechanism to a fixed object, wherein the lever is co-planar with the
bottom surface of the movable jaw or the bottom surface of the lever is below
the top surface of the movable jaw, mounting mechanism actuator (e.g., lever or
the like) 80 of the embodiment of the present invention shown in Fig 27 is

slidably mounted in mount body 22 (or 122) so that the entirety of the mounting
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mechanism actuator 80 is positioned above the upper surface 82u of movable
jaw 82 and the working mechanism is embedded in the housing and jaw. This
arrangement elevates the actuator 80 above the skin of the patient when the
mounting mechanism 20 is being fixed to a sternal retractor for example, thereby
greatly reducing the chances of pinching the skin of the patient in the actuator
mechanism as the actuator 80 is actuated, whether to fix the mechanism to the
retractor or remove it therefrom. Also, the camming mechanism is concealed
within the movable jaw 82, so that it does not risk catching or grabbing the
patient’s tissue during use. Also, the mechanism is designed to allow for a lower
profile for mounting, relative to current devices, and therefore the stabilizer or
positioner is less obstructive to the surgical field and adjacent areas used by the
surgeon. Some components of the mounting mechanism 20 are formed of metal
to further reduce the profile of the mounting mechanism. For example, the lever
80a portion of the actuator, cam 81 (Figs. 28C) and, optionally, the lever grip
portion 80b of the actuator are made of metal to provide a more compact
configuration of the mounting mechanism compared to prior art designs that
make one or more of these components from polymer.

[00277]  Additionally, unlike conventional mounting mechanisms wherein the
actuator lever is rotated distally to fix the mechanism to a retractor, the actuator
80 of the present invention is drawn proximally (i.e., towards the user) to fix or
lock the mounting mechanism 20 (or 120) to a retractor. Ergonomically, this
makes it easier for the user to lock an instrument 100 or 10 to a sternal retractor,
as the proximal rotation is easier to perform and can generally be done with one
hand, where it often takes both hands to fix a mechanism that requires distal
rotation of the lever to fix the mechanism, since it is easy to hold the body 22
and pull, using one hand, but difficult to hold the body and push, using the same
hand. Also, in the conventional mechanisms, the lever extends outwardly from
the mounting mechanism and extends alongside the rail of the retractor when the
mechanism is fixed thereto, thereby preventing another instrument from being
mounted close to that mechanism. In the present invention, however, actuator
80 is drawn back proximally in the locked position and streamlined with the
mounting mechanism 20,120, see Fig. 28A. This allows placement of another
instrument much closer to the mounting mechanism 20, 120 on the rail of the

retractor, relative to what is permitted by currently available mechanisms.
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[00278]  Fig. 28B illustrates the actuator 80 in the unlocked configuration, which
allows initial placement of the mounting mechanism on the fixed object, such as
a sternal retractor, or removal of the mounting mechanism from the fixed object.
Fig. 28C is a cross-sectional view of Fig. 28A taken along line 28C-28C, and
showing mounting mechanism 20,120 in the locked configuration. Movable jaw
82 is biased toward fixed jaw 84 by biasing member 88, such as a coil spring, or
other biasing member. Accordingly, when mounting mechanism 20, 120 is
placed over the rail 202, the rail 202 is contacted on opposite sides by jaws 84,
82, as biased to this position by biasing member 88. By drawing actuator 80
proximally, a cam 81 linked to actuator 80 is rotated and draws an internal jaw
component 82a in movable jaw 82 upwardly to engage internal jaw component
teeth 82c against upper teeth 84c, thereby locking the movable jaw 82 relative to
the fixed jaw 84 and locking the mounting mechanism 20, 120 in a position
clamped against the rail 202. Thus mechanism 20,120 holds the instrument 10,
1000 securely to the rail 202, assisting in the prevention of movement of the arm
or surgical instrument.

[00279]  Fig. 28D is a cross-sectional view of Fig. 28B taken along line 28D-28D,
and showing mounting mechanism 20,120 in the unlocked configuration and
with movable jaw retraced so that the mounting mechanism 20, 120 can be
removed from the rail 202 (or to facilitate placing the mounting mechanism 20,
120 over the rail before clamping and locking it). By pushing actuator 80
distally, the cam 81 counter-rotates, thereby removing teeth 82¢ fro contact with
teeth 84c and allowing movable jaw 82 to move away from fixed jaw 84, as well
as rail 202, and providing enough clearance between both jaws 82, 84 relative to
rail 202 to allow the mounting mechanism 20, 120 to be lifted off of the rail 202.
The pushing motion of the actunator 80 requires less effort by the user to unlock
and remove the instrument from the surgical site. Further details about the
operation of the cam relative to the movable jaw can be found in U.S. Patent No.
6,685,632, A spring 88 is provided that biases movable jaw 82 towards fixed
jaw 84. To first place the jaws 82, 84 over the rail 202, the user draws back on
jaw 82 while holding the fixed portion of the mechanism 20, 120 (jaw 84 or
other fixed portion) to spread the jaws apart. Once the jaws have cleared the top
rail flanges, the jaw 82 can be released, and spring 88 moves jaw 82 towards

jaws 84 to bring the jaws into lateral contact with the rail 202.
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[00280] Figs 29A-29B show a side view and an end view, respectively, of an
actuator 52. Actuator 52 is provided with a clip 52c¢ provided in at least one of
the fins 52f thereof. In the embodiment shown, a clip 52c¢ is formed in each of
the fins 52f. Alternatively, only one or two of the fins 52f could be provided
with clips 52c. Each clip 52c is configured to receive and temporarily or
reversibly hold suction tube 62 to help maintain the suction tube in a low profile
as it follows along the profile of the instrument 10/arm 12, e.g., see Fig. 3. The
opening 520 of the clip 52c has a distance across that is slightly less than the
outside diameter of the tube 62. Accordingly, the tube 62 has to be pinched or
deformed in order to insert it through the opening 520 of the clip 52c.

[00281]  Alternatively, or in addition to temporarily holding tube 62 in clip 52c, tube
may be temporarily held in recess 22c provided in mount body 22, as shown in
Fig. 29C. Recess 22c¢ is configured to receive and temporarily hold suction tube
62 to help maintain the suction tube in a low profile as it follows along the
profile of the instrument 10/arm 12, e.g., see Fig. 29C. The opening of the
recess 22c has a distance across that is slightly less than the outside diameter of
the tube 62. Accordingly, the tube 62 has to be pinched or deformed in order to
insert it through the opening of the recess 22¢ so that it is retained in recess 22¢
once inserted there, until a force is applied to pull it back out of the recess 22c.

[00282] Preferably, tube 62 is a soft, flexible, reinforced tube. However, the interior
52b of the main body of the clip 52¢ has an inside diameter only slightly smaller
than the outside diameter of the tube 62, so as grip the tube 62 while keeping
constriction relatively insubstantial. Accordingly, the tube 62 is held in position
in space 52b by the soft grip and opening 520 of clip 52¢ prevents the tubing 62
from escaping the clip during use of the instrument, as operator intervention is
required to remove the tube again so that it can be repositioned in the opening
520.

[00283]  Figs 30A-30B show a side view and an end view, respectively, of actuator
152. Actuator 152 is provided with a clip 152¢ provided in at least one of the
fins 152f thereof. In the embodiment shown, a clip 152¢ is formed in each of the
fins 152f. Alternatively, a fewer number or only one of the fins 152f could be
provided with clip 152¢. Each clip 152¢ is configured to receive and temporarily
hold suction tube 162 to help maintain the suction tube 162 in a low profile as it

follows along the profile of the instrument 100/arm 112, e.g., see Fig. 22. The
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opening 1520 of the clip 152c¢ has a distance across that is slightly less than the
outside diameter of the tube 162. Accordingly, the tube 162 has to be pinched or
deformed in order to insert it through the opening 1520 of the clip 152c.
However, the interior 152b of the main body of the clip 152¢ has an inside
diameter slightly smaller than the outside diameter of the tube 162, so as grip the
tube 162, while not overly constricting the tube 162. Accordingly, the tube 162
is held in position in space 152b by the soft grip and opening 1520 of clip 152¢
prevents the tubing 162 from escaping the clip during use of the instrument, as
operator intervention is required to remove the tube so that it can be repositioned
in the opening 1520.

[00284]  Alternatively, or in addition to temporarily holding tube 62 in clip 152c,
tube may be temporarily held in a recess provided in mount body 122. The
recess in mount body 122 can be configured in the same way as recess 22c
shown in Fig. 29C and described above, and is configured to receive and
temporarily hold suction tube 62 to help maintain the suction tube in a low
profile as it follows along the profile of the instrument 100/arm 112. Tt is further
noted that mount body 122 may be constructed to be the same as mount body 22.

[00285]  Fig. 31A is a perspective view of a canister 300 that is configured to be
placed in line, in fluid communication with vacuum line 62 or 162, in between
device 10 or 100 and the vacuum source. As vacuum is applied from vacuum
source 402 or 404 (see Fig. 32), the suction applied to the tissues of the patient 1
not only performs the desired engagement of the working ends 14.114 with the
target tissues, but also tends to draw fluids and particulates up through the
vacuum tubes 62, 162. These fluids and particulates are drawn in through tubing
302 (see Fig 31B). A closed-ended cap 304 is provided over the proximal end of
tube 302. The inside diameter of cap 304 is significantly larger than the outside
diameter of tube 302 so as to form an annular gap 306 therebetween. As the
fluids and particulates exit the proximal end of tube 302, they impact the closed
end of cap 304 or simply (in the case of heavier materials) flow over the sides of
the tube 302 like a fountain. In either case, a majority of the liquids contained in
the fluids, as well as larger, heavier particulates, precipitate out of the fluid flow
and are contained by the canister 300 and held at the bottom end portion of the
canister 300 by gravity, since the canister is oriented vertically during use(e.g.,

see Fig. 32). Also, cap 304 prevents spillage and splatter of particulates and
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fluids onto the side walls of the canister 300, thereby preventing dirtying of the
walls that would otherwise obstruct the view of the contents and level of the
contents, The lighter fluids, such as gases, and potentially some smaller
particulates continue in the flow, out through tubing 308, see Fig. 31C.

[00286] A filter 320 is provided in line, in fluid communication with canister 300,
between canister 300 and vacuum source 402 or 404, see Fig. 32. Thus, unlike
some conventional canisters, filter 320 is not provided inside the canister 300,
but is upstream thereof. This prevents filter 320 from being saturated by liquids
accumulated in the canister, and also makes it possible to change the filter 320
without having to change the canister 300, or to change or empty the canister
300 without having to change the filter 320. Filter 320 is configured to trap
particulates that were not contained by the canister 300.

[00287]  Canister 300 is preferably provided with at least one substantially flat side
that facilitates mounting of the canister 300 along a wall, for example. In the
embodiment shown in Figs. 31A-31D, canister 300 has four substantially flat
sides and is substantially square in cross-section. However, other cross-sectional
shapes, including, but not limited to triangular, semi-circular or semi-oval may
be substituted. The external surface of the canister is also preferably provided
with a matted finish so as to minimize glare that might be otherwise reflected
from the intense operating room lighting. This not only prevents glare as a
distraction, but also facilitates viewing the contents of the canister 300, so that it
can be monitored to ensure that it does not fill up before changing it.

[00288]  Fig. 31D illustrates a strap 310 that may also be provided with canister 300.
Strap 310 is attached to canister 300 and is configured to hang the canister from
any stationary projection 330 (see Fig. 32) in the operating room so as to
maintain the canister 300 hanging in the desired vertical orientation (see Fig.
32), so that outlet 308 is higher than inlet 302 and canister 300 is oriented
substantially vertically.

[00289]  Turning now to Figs. 33A-33B, an alternative mounting mechanism actuator
80’ is described. Actuator 80’ is shown being used with the instrument 10 of
Fig. 20A. However, any of the other instruments 10, 100 described herein could
be modified to use this alternative mounting mechanism actuator 80°. Rocker

switches 86 with cams 86¢ interface with rail 202 and apply compressive forces
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thereagainst, when rotated (see curved arrows in Fig. 33B), thereby firmly
clamping the mount body and instrument 10,100 to the rail 202.

[00290]  Figs. 34A-34B illustrate alternative features that may be provided with a
working end 14 of a stabilizer instrument according to various embodiments of
the present invention. The contact members 16 and supports thereof may be
configured to provide a blower/mister device 15 integrated into the contact
members as shown, so that nozzles or openings of the blower/mister device are
directed inwardly, between the contact members 16 that they are mounted in, so
that they direct mist toward the surgical target located between the contact
members 16. Alternatively, the stabilizer instrument may be configured for a
blower/mister device to be attached thereto. The working end may be
configured for a blower/mister device to be attached thereto.

[00291]  Additionally or alternatively, the supports 17 may be configured to pivot
relative to contact members 16, as indicated by the arrows in Fig. 34A. Contact
members 16 may also be provided with clips 19 at their distal ends configured to
form a snap fit with the support members 17, so as to maintain the working end
in a very low profile where both contact members and supports extend aligned
substantially in the same plane.

[00292]  Fig. 35 illustrates a modification whereby contact members 16 are tapered
from a thicker dimension at the outside edges thereof, to a thinnest dimension at
the inside edges 16’ thereof. Other modifications that may be performed
include, but are not limited to: mounting one or more cameras on contact
members 16 which are linkable to a monitor for viewing, and/or providing an
arm 12, 112 that is flexible in a first configuration and, upon application of
vacuum thereto, is made rigid in a second configuration.

[00293]  Fig. 36 illustrates an embodiment of device 10 having an alternative arm 12
in which an intermediate link 45 is provided that is adjustable by a user to adjust
the tension in the cable distally thereof. This feature can accordingly be used to
tighten/lock the working end 14 and links distal of link 45, while still allowing
the links proximal of link 45 to remain flexible. In this way, the user could fix
an initial “rough” or coarse positioning of working end 14 by tightening the
distal links using link 45 as described, and then fine positioning can be
performed by making further fine adjustments to the positioning by manipulating

the links proximal of link 45. Upon achieving satisfactory fine adjustments to

54



WO 2011/159733 PCT/US2011/040399

the positioning, the remainder of the links can then be locked down using
actuator 52. Further alternatively, link 45 can be configured to tighten the links
proximal thereof while allowing links distal thereof to remain loose/flexible. In
an alternative embodiment, a second cable alongside cable 46 is provided that
connects to link 45 distally, passes through the links proximal of link 45 and
connects to mount body 22. It is noted that although the modifications described
with regard to Fig. 36 are shown with regard to a stabilizer instrument 10, that
any and all of such modifications can also be applied to a positioner instrument
100.

[00294]  Fig. 37 illustrates an embodiment of device 10 having an alternative
actuation mechanism 52, 52’, 53. In this embodiments actuator 52 can be
operated the same way as described above with regard to Figs. 3-4.
Alternatively, a motor 53 is provided that can be actuated by actuator 52°, for
example, a push button or other switch electrically connected through arm 12
and mount body 22 to motor 53, to drive actuator 52 to increase or decrease
tension in cable 46. Thus, actuator 52’ allows a user to tighten/lock the working
end 14 and arm 12 from the distal end portion of the instrument, for example,
while the users hand(s) are in the vicinity of the distal end portion of the
instrument 10 to position the working end 14 as desired. It is noted that although
the modifications described with regard to Fig. 37 are shown with regard to a
stabilizer instrument 10, that the actuator 52’ and motor 53 can likewise be
implemented in a positioner instrument 100 in the same manner to control
actuator 152.

[00295] While the present invention has been described with reference to the
specific embodiments thereof, it should be understood by those skilled in the art
that various changes may be made and equivalents may be substituted without
departing from the true spirit and scope of the invention. In addition, many
modifications may be made to adapt a particular situation, material, composition
of matter, process, process step or steps, to the objective, spirit and scope of the
present invention. All such modifications are intended to be within the scope of

the claims appended hereto.
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CLAIMS

That which is claimed is:

1. A surgical instrument comprising:

a mount body having a top portion, a distal end, a proximal end and a bottom
portion;

a joint member pivotally mounted at a distal end portion of the mount body to allow
positioning of a proximal portion of an arm extending distally from the joint
member, the joint member configured to at least partially constrain movement of
the proximal portion of the arm to a plane; and

a working end mounted to a distal end portion of the arm.

2. The instrument of claim 1, wherein the joint member comprises a first joint
member and a second joint member, wherein the first joint member confines
movement of the proximal portion of the arm to yawing, and the second joint

member confines movement of the proximal portion of the arm to pitching.

3. The instrument of claim 1, wherein the joint member pivotally mounted at

the distal end portion of the mount body is a disk member.

4. The instrument of claim 1, wherein the joint member further comprises a
slotted ball.
5. The instrument of claim 4, wherein the joint member is a disk member, and

the slotted ball is connected to the disk member,

6. The instrument of claim 4 , further comprising an actuator rotatably
mounted to the mount body towards the proximal end of the mount body, and a
cable extending from the actuator through the mount body, joint member, slotted
ball and arm, the actuator and the cable being configured to change a state of the
arm from a flexible state to a rigid state by movement of the actuator in a first
direction, and from the rigid state to the flexible state by movement of the actuator

is a second direction opposite the first direction.
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7. The instrument of claim 6, wherein movement of the actuator involves
rotation, the first direction is a first rotational direction, and the second direction is

a counter-rotational direction.

8. The instrument of claim 4, wherein the slotted ball member forms a joint

with a proximal end of the arm.

9. The instrument of claim 3, wherein upper and lower surfaces of the disk
member extend substantially parallel with the top portion of the mount body, and
wherein the slotted ball is capable of pivoting to an angularly downward position

from a plane parallel to the upper and lower surfaces of the disk member.

10. The instrument of claim 1, further comprising a vacuum tube in fluid
communication with the working end, and the working end is configured to

reversibly attach to the exterior surface of a human’s heart.

11. The instrument of claim 1, further comprising an actuator rotatably
mounted to the mount body at the proximal end of the mount body, the actuator
being configured to change a state of the arm from a flexible state to a rigid state by
rotation of the actuator in a first rotational direction, and from the rigid state to the

flexible state by rotation of the actuator in a counter-rotational direction.

12. The instrument of claim 11, further comprising a suction tube in fluid
communication with the working end, and a clip configured to receive and
temporarily hold the suction tube to maintain the suction tube in a low profile with
the instrument, wherein the clip is formed with or connected to the mount body, the

actuator, or both the mount body and the actuator.

13. The instrument of claim 11, wherein the actuator comprises a plurality of

fins with one of the clips formed in one or more of the fins.
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14. The instrument of claim 1, wherein the instrument is an organ stabilizer
and the working end comprises at least one contact member configured to be

exerted against a tissue surface to stabilize the tissue surface.

15. The instrument of claim 1, wherein the instrument is an organ positioner
and the working end comprises a suction member defining a vacuum space therein,

wherein the suction member is configured to receive the apex of a human heart.

16. The instrument of claim 15, wherein the instrument is further configured to
exert sufficient suction force on the heart to move the heart when the suction
member is placed against the heart, a negative pressure of 250 millimeters of
Mercury is applied within the vacuum space to engage the suction member with the
heart, and the suction member is moved.

17. The instrument of claim 1, wherein the bottom portion comprises a
mounting mechanism configured to reversibly clamp the instrument to a fixed

object.

18. The instrument of claim 17, wherein the mounting mechanism is fixed to a
surface of a sternal retractor, the sternal retractor comprising a sternal retractor
blade mounted to or integral with the sternal retractor, wherein the arm is capable of
being oriented downwardly to make contact with an inner surface of a sternal
retractor blade without requiring the movement of the actuator with respect to the

mounting body.

19. The instrument of claim 17, wherein the mounting mechanism comprises a
fixed jaw and a movable jaw; and wherein a mounting mechanism actuator is
pivotally mounted within the bottom portion and at least partially above the
movable jaw, the mounting mechanism actuator being configured to move the

movable jaw from an unlocked position to a locked position and vice versa.

20. The instrument of claim 17, wherein the mounting mechanism actuator is
configured to move the movable jaw toward the locked position when the mounting

mechanism actuator is pulled in a proximal direction.
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21. The instrument of claim 17, wherein the mounting mechanism comprises a
fixed jaw that is unitarily formed with the main body, and a movable jaw movably

engaged to the main body.

22. The instrument of claim 17, further comprising a cam mounted above a
bottom surface of the movable jaw and below the mounting mechanism actuator,
the cam connected to the mounting mechanism actuator to be actuated to lock or

unlock the movable jaw.

23. The instrument of claim 17, wherein the mounting mechanism comprises a
mounting mechanism actuator, the mounting mechanism actuator including rocker

switches with cams configured to clamp to the fixed object.

24, The instrument of claim 1, wherein the instrument is a stabilizer and the
working end comprises a pair of contact members and a blower/mister device

incorporated into at least one of the contact members.

25. The instrument of claim 1, wherein the instrument is a stabilizer

configured for a blower/mister device to be attached thereto.

26. The instrument of claim 1, wherein the instrument is a stabilizer and the
working end comprises a pair of contact members and a support to link the contact

members to the arm, wherein the support is pivotally linked to the contact members.

27. The instrument of claim 26, wherein the contact members each comprise a
clip at a proximal end portion thereof, the clips configured to form a snap fit with

the support members.

28. The instrument of claim 1, wherein the instrument is a stabilizer and the

working end comprises a pair of contact members, the contact members each
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having a relatively thicker cross-sectional dimension at an outside edge thereof and

a relatively thinner cross-sectional dimension at an inside edge thereof.

29. The instrument of claim 1, wherein the arm comprises an intermediate link
that is adjustable by a user to adjust a portion of the arm distal of the intermediate
link and the working member to assume a flexible configuration in a first
configuration, and to assume a rigid configuration in a second configuration, while
allowing a portion of the arm proximal of the intermediate link to remain flexible

during both the first configuration and the second configuration.

30. The instrument of claim 1, wherein the arm comprises an intermediate link
that is adjustable by a user to adjust a portion of the arm proximal of the
intermediate link to assume a flexible configuration in a first configuration, and to
assume a rigid configuration in a second configuration, while allowing a portion of
the arm distal of the intermediate link and the working end to remain flexible
during both the first configuration and the second configuration.

31. The instrument of claim 11, further comprising a motor configured to
operate the actuator, and a second actuator, located distally of the actuator and the
motor, clectrically connected to the motor, and configured to actuate the motor to
drive the actuator to increase or decrease rigidity in the arm and a connection

between the arm and the working end.

32. The instrument of claim 1, wherein the top portion is smooth and
comprises a flat portion with no obstructions thereon, and wherein the top surface
provides a rest for a surgeon’s hand, that can be used to help stabilize the surgeon’s

hand.

33. The instrument of claim 3, further comprising ridges or teeth provided

around at least a portion of a perimeter of the disk member.

34. The instrument of claim 3, further comprising a cable extending through
the disk member, at least a portion of the arm, and at least a portion of the mount

body, wherein the disk member comprises a slot formed therein, the slot being
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curved to facilitate bending and tightening of the cable thereagainst when the disk
member has been pivoted, thereby helping to eliminate or reduce variations in at
least one of cable length and cable tension at different angular positions of the disk

member relative to the mount body.

35. The instrument of claim 5, wherein the disk member comprises a slot
formed therein, the slot being curved to facilitate bending and tightening of the
cable thereagainst when the disk member has been pivoted, thereby helping to
eliminate or reduce variations in at least one of cable length and cable tension at

different angular positions of the disk member relative to the mount body.

36. The instrument of claim 4, further comprising an actuator rotatably
mounted to the mount body at the proximal end of the mount body and a cable
extending from the actuator through the mount body, disk member, slotted ball and
arm, the actuator and the cable being configured to change a state of the arm from a
flexible state to a rigid state by rotation of the actuator in a first rotational direction,
and from the rigid state to the flexible state by rotation of the actuator in a counter-

rotational direction.

37. The instrument of claim 10, further comprising a canister in fluid
communication with the vacuum tube, the canister having an opening for
connecting the canister in fluid communication with a vacuum source, the canister

configured to trap fluid therein.

38. The instrument of claim 37, further comprising a filter in fluid
communication with the opening of the canister, the filter configured to be
connected to the vacuum source and to filter particulates from effluent from the

canister.

30. The instrument of claim 37, wherein the canister has at least one

substantially flat side.

40. The instrument of claim 37, further comprising a strap connected to the

canister and adapted to hang the canister in an upright orientation wherein the
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opening for connecting the canister with a vacuum source is higher than a

connection forming the fluid communication of the canister with the vacuum tube.

41. The instrument of claim 37, wherein a surface of the canister is matted to

inhibit glare reflection therefrom.

42. A surgical instrument comprising:

a mount body, an arm, and a tool;

the mount body configured to be used with a retractor, a bottom surface of the
mount body facing the retractor when mounted, a front edge of the mount body
running at an angle to the bottom surface;

the arm pivotally connected on a proximal end thereof via the end joint to the front
edge of the mount body;

the tool connected to a distal end of the arm;

the arm configured to be movable between a plurality of positions relative to the

mount body and to be temporarily lockable in these positions.

43. The surgical instrument of claim 42, the joint configured such that a
proximal portion of the arm extending from or adjacent to the mount body is
pivotable to the mount body and temporarily lockable in a position substantially

perpendicular to the mount body.

44, The surgical instrument of claim 42, the joint configured such that a
proximal portion of the arm extending from and adjacent the mount body is
movable from a left distal region of the mount body to a right distal region of the

mount body and vice versa.

45. A surgical instrument comprising a mount body, an arm, a tool and a tube;
the mount body configured to mount to a retractor or a surgical table;

the arm pivotally connected on a proximal end to the mount body;

the tool connected to a distal end of the arm;

the arm configured to be movable between a plurality of positions relative to the
mount body and to be temporarily lockable in these positions;

a distal end of the tube connected at or adjacent a distal end of the arm; and
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the mount body configured to removably retain the tube.

40. The surgical instrument of claim 45, wherein the mount body includes a

recess sized to receive and removably retain the tube.

47. The surgical instrument of claim 45, wherein the mount body includes a

clip sized to receive and removably retain the tube.

48. The surgical instrument of claim 45, the mount body further comprising an
actuator rotatably mounted to the surgical instrument, the actuator being configured
to change a state of the arm form a flexible state to a rigid state by rotation of the

actuator in a first rotational direction, and from the rigid state to the flexible state by
rotation of the actuator in a counter-rotational direction; and the actuator configured

to removably retain the tube.

49. A method of operating a surgical instrument, the method comprising:
attaching a mount body of the instrument to a fixed object so that the mount body is
not movable relative to the fixed object;

adjusting an orientation of an arm that extends from a distal end of the mount body;
and rotating an actuator rotatably mounted to a proximal end of the mount body,
thereby fixing the orientation of the arm with respect to the mount body in a rigid

configuration.
50. The method of claim 49, wherein a tensioning cable extends through at
least portions of the proximal half of arm and the mount body and connects with the

actuator, and the rotation of the actuator increases tension in the cable.

51. The method of claim 49, wherein the fixed object is a sternal retractor and

the arm contacts an inner surface of the sternal retractor in the rigid configuration.

52. The method of claim 49, wherein the instrument is a surgical stabilizer.

53. The method of claim 49, wherein the instrument is an organ positioner.
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54. The method of claim 49, wherein the instrument is a surgical stabilizer for

beating heart surgery, or an organ positioner for beating heart surgery.

55. A surgical instrument comprising:

a mount body, an arm, a joint, and a tool; the mount body configured to mount to a
retractor, a bottom surface of the mount body facing the retractor when mounted, a
front edge of the mount body running at an angle to the bottom surface; the arm
pivotally connected on a proximal end of the arm via the joint to or along the front
edge of the mount body; the tool connected to a distal end of the arm; the arm
configured to be movable between a plurality of positions relative to the mount
body and to be temporarily lockable in these positions; and the joint configured
such that a proximal portion of the arm extending from and adjacent the mount
body is pivotable to and temporarily lockable in a position substantially

perpendicular to the mount body along portions of the front edge.

56. The surgical instrument of claim 55, wherein the surgical instrument
further comprises a universal connector configured to connect the mount body to

any one of a plurality of retractors of different size.

57. The surgical instrument of claim 55, wherein, the joint includes a disk
member.

58. The surgical instrument of claim 57, wherein the joint includes a slotted
ball.

59. The surgical instrument of claim 58, wherein the instrument includes an

actuator rotatably mounted to the mount body at the proximal end of the mount
body and a cable extending from the actuator through the mount body, disk
member, slotted ball and arm, and the actuator and the cable are configured to
change a state of the arm from a flexible state to a rigid state by rotation of the
actuator in a first rotational direction, and from the rigid state to the flexible state by

rotation of the actuator in a counter-rotational direction.
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60. The surgical instrument of claim 55, wherein a tube is provided in fluid

communication with the tool.

61. The surgical instrument of claim 55, wherein a tube is provided in fluid
communication with the tool, and the actuator includes a clip configured to receive
and temporarily hold the tube to maintain the tube in a low profile arrangement

with the instrument.

62. The surgical instrument of claim 60, wherein the mount body includes a

recess sized to receive and removably retain the tube.

63. The surgical instrument of claim 55, wherein the instrument is a stabilizer
and the tool comprises at least one contact member configured to be exerted against

a tissue surface to stabilize the tissue surface.

64. The surgical instrument of claim 55, wherein the instrument is a positioner
and the tool comprises a suction member defining a vacuum space therein, wherein
the suction member is configured to exert sufficient suction force on an organ to
move the organ when the suction member is placed against the organ, a negative
pressure is applied within the vacuum space to engage the suction member with the

organ, and the suction member is moved.

65. The surgical instrument of claim 57, wherein the instrument includes a cable
extending through the disk member, at least a portion of the arm and at least a
portion of the mount body, wherein the disk member comprises a slot formed
therein, the slot being curved to facilitate bending and tightening of the cable
thereagainst when the disk member has been pivoted, thereby helping to eliminate
or reduce variations in at least one of cable length and cable tension at different

angular positions of the disk member relative to the mount body.

66. The surgical instrument of claim 58, wherein an actuator is rotatably
mounted to the mount body at the proximal end of the mount body and a cable
extends from the actuator through the mount body, disk member, slotted ball and

arm.
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67. The surgical instrument of claim 66, wherein the actuator and the cable are
configured to change a state of the arm from a flexible state to a rigid state by
rotation of the actuator in a first rotational direction, and from the rigid state to the

flexible state by rotation of the actuator in a counter-rotational direction.

68. The surgical instrument of claim 60, wherein a canister is provided in fluid
communication with the tube, the canister having an opening for connecting the
canister in fluid communication with a vacuum source, the canister configured to

trap fluid therein.

69. The surgical instrument of claim 68, wherein a filter is in fluid
communication with the opening of the canister, and the filter is configured to be
connected to the vacuum source and to filter particulates from effluent from the

canister.

70. The surgical instrument of claim 68, wherein a strap is connected to the
canister and adapted to hang the canister in an upright orientation wherein the
opening for connecting the canister with a vacuum source is higher than a

connection forming the fluid communication of the canister with the vacuum tube.

71. A surgical instrument comprising: a mount body, an arm, a tool, and a
tube; the mount body configured to mount to a retractor or a surgical table; the arm
pivotally connected on a proximal end to the mount body; the tool connected to a
distal end of the arm; the arm configured to be movable between a plurality of
positions relative to the mount body and to be temporarily lockable in these
positions; a distal end of the tube connected at or adjacent a distal end of the arm;

and the mount body configured to removably retain the tube.

72. A surgical instrument comprising:
a mount body having a top portion, a distal end, a proximal end and a bottom
portion;

a plurality of mount body jaws formed by or connected to the bottom portion;
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a joint member engaged to an arm, the arm extending distally from the joint
member and terminating with a working end mounted to a distal end portion of the
arm, the joint member pivotally mounted at a distal end portion of the mount body;
wherein the arm through positioning of the joint member is capable of being
positioned towards the left or right distal regions of the mount body without
interfering with a space located above the mount body jaws and immediately dorsal
to the top portion of the mount body.

73. The surgical instrument of claim 72, wherein the joint member is capable
of being positioning with constrained movement of at least a portion of the joint
member with respect to a plane horizontally aligned with respect to the top portion

of the mount body.

74. The surgical instrument of claim 72, wherein the working end is
configured for attachment to the surface of a heart, the working end further
including a stabilizer member to engage one or both sides of a coronary artery, or a

positioner member capable of receiving the apex of the heart.

75. A surgical instrument comprising:

a flexible arm comprising a distal end, a proximal end, and a plurality of joint
members located therebetween whereby at least a portion of adjoining joint
members can form articulating joints;

a working end configured to engage a surface of a human’s heart, wherein the
working end is connected to the distal end of the flexible arm; and

a mount body joint forming a mount body angle between the proximal end of the
flexible arm and a mount body, a minimum mount body angle being at most than
120 degrees, wherein a reference angle is defined as 180 degrees between any two

unstressed articulating joint members.

76. The surgical instrument of claim 75, wherein the minimum mount body

angle is greater than 105 degrees.

17. The surgical instrument of claim 75, wherein the mount body joint is

comprised of a horizontal joint and a vertical joint, wherein the horizontal joint is
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configured for controlled planar translation or pivoting along a first plane that is
substantially horizontal, and the vertical joint is configured for generally planar
translation or pivoting along a second plane that is substantially perpendicular to

the first plane.

78. A surgical instrument comprising:

a flexible arm comprising a distal end, a proximal end, and a plurality of joint
members located therebetween whereby at least a portion of adjoining joint
members can form articulating joints, the articulating joints capable of establishing
a plurality of arm joint angles each having a minimum achievable angle value, the
angle being defined as 180 degrees between any two unstressed articulating joints;
a working end configured to engage a surface of a human’s heart, wherein the
working end is connected to the distal end of the flexible arm; and
a mount body joint forming a mount body angle between the proximal end of the
flexible arm and a mount body, a minimum mount body angle being a substantially

smaller angle than a smallest of the minimum achievable angle values.

79. A surgical instrument comprising:

a mount body having a top portion, a distal end, a proximal end and a bottom
portion and connected to a joint member;

a mount body jaw formed by or connected to the bottom portion;

the joint member engaged to a proximal portion of an arm that extends distally from
the joint member and terminates with a working end, the joint member being
pivotally mounted at a distal end portion of the mount body; wherein the joint
member prohibits a proximal portion of the arm from extending above the top

portion of the mount body.
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