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(57) ABSTRACT 

Devices and methods are disclosed for accessing and Stabi 
lizing an unstable or moving tissue structure within a 
patient's body, and in particular, for temporarily Stabilizing 
a target site on the beating heart. The devices generally 
involve tissue Stabilizers having at least one multiple link 
Support member operably connecting a Stabilizer foot to a 
retractor. To minimize motion at the stabilizer foot and 
improve overall Stabilization of the target Site, the tissue 
stabilizer may involve the a stabilizer foot having multiple 
Support members connected to the Stabilizer foot at discreet 
locations. To improve the ability of an instrument Support 
member to be easily articulated through an access incision to 
position the Stabilizer foot as desired, the instrument Support 
member may be operable associated with an attachment or 
mount which provides additional degrees of freedom at the 
connection to the retractor. A mount construction is dis 
closed that allows the Support member and the articulating 
mount to be locked using a single knob. 
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METHOD AND DEVICES FOR IMPROVED TISSUE 
STABILIZATION 

FIELD OF THE INVENTION 

0001. The present invention relates generally to Surgical 
instruments, and more particularly to methods and devices 
for improved tissue Stabilization using multiple link Support 
members. The tissue Stabilizers described herein are par 
ticularly useful for Stabilizing the beating heart during 
coronary artery bypass graft Surgery. 

BACKGROUND OF THE INVENTION 

0002. A number Surgical procedures require the Surgeon 
to perform delicate operations on tissues within the body 
that are moving or otherwise unstable. For example, Sur 
geons are routinely performing Successful coronary artery 
bypass graft Surgery (CABG) on the beating heart. In a 
typical coronary artery bypass graft procedure, a blocked or 
restricted Section of coronary artery, which normally Sup 
plies blood to a portion of the heart, is bypassed using a 
Source vessel or a graft vessel to re-establish blood flow to 
the artery downstream of the blockage. This procedure 
requires the Surgeon to create a fluid connection, or anas 
tomosis, between the Source or graft vessel and an arteri 
otomy or incision in the coronary artery. Anastomosing two 
vessels in this manner is a particularly delicate procedure 
requiring the precise placement of tiny Sutures in the tissue 
Surrounding the arteriotomy in the coronary artery and in the 
Source or graft vessel So that the two may be Sutured 
together. 
0003) To ensure that the sutures may be placed with the 
required accuracy and precision to yield an anastomosis 
having the desired long term patency, a number of devices 
have been developed to stabilize a portion of the heart in the 
vicinity of the target coronary artery. The vast majority of 
devices Suitable for Successfully Stabilizing the beating heart 
use either compression or vacuum, or both, to engage and 
immobilize a portion of cardiac tissue, preferably along 
opposite sides of the target artery. Devices configured to use 
a compressive force to Stabilize a Surgical Site on the beating 
heart can be found, for example, in U.S. Pat. No. 5,894,843 
to Benetti et al. Examples of devices configured to use 
negative pressure or vacuum to Stabilize or to assist in 
Stabilizing cardiac tissue are described, for example, in U.S. 
Pat. Nos. 5,727,569 to Benetti et al. and 5,836,311 to Borst 
et al. 

0004. The devices used to stabilize the beating heart must 
be Sufficiently Stiff or rigid to resist or placate the movement 
of the Still beating heart muscle as it contracts and relaxes in 
regular fashion to pump blood throughout the body. Such 
Stabilization devices typically employ a tissue engaging or 
contacting member and Some type of Support member to 
connect the tissue contacting member to a stable Support, 
Such as a properly constructed rib or Sternal retractor. The 
Support member is most often either a continuous Substan 
tially rigid Straight or curved shaft or a multiple link member 
that that is sufficiently flexible for positioning and which can 
be made Substantially rigid for Stabilization. 
0005 Multiple link members typically involve a series of 
in-line ball and Socket links which may be forced together 
axially by way of a wire or cable extending generally 
through the center of each link. AS the links are forced 
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together, the frictional forces between the Successive links 
increase in proportion to the axial forces Supplied by the 
cable until the frictional forces within the Successive ball 
and Socket linkS along the Support member become So great 
as to resist relative movement therebetween, thus rendering 
the Support member Substantially rigid. Examples of articu 
lating members having a plurality of linkS can be found in 
European Patent Application EP 0803 228A1 published on 
Oct. 29, 1997 and U.S. Pat. No. 5,899,425. 
0006 While the simple operation of multiple link devices 
have found Some acceptance as Suitable Support members 
for use in connection with tissue Stabilizers, it has proved 
very difficult to produce the required rigidity and maneu 
Verability required in certain demanding Surgical applica 
tions, Such as Stabilizing the beating heart during a CABG 
procedure. Regarding the rigidity of multiple link devices, 
for example, a great deal of axial force must be generated to 
ensure each of the links become Sufficiently locked to resist 
any motion at the Surgical Site. To Support these high loads, 
the links typically have a much greater diameter than their 
continuous shaft alternatives thus occupying a greater 
amount of Space in the Surgical field. 
0007. In addition, the ability to maneuver and position 
the distal end of a multiple link Support member as desired 
within the Surgical field is disadvantaged by the limited 
range of motion available between Successive links along 
the Support member. Attempting to position device through 
tight turns often proves excessively difficult. For example, a 
multi-link device may allow each link to rotate only about 15 
degrees relative to an adjacent link. With Such a configura 
tion, articulating the Support member through a 90 degree 
turn may involve six or more links, thus occupying an 
excessive amount of Space in or near the operative field and 
resulting in a relatively large radius curve. 
0008 Because the rigidity is somewhat inefficient, 
requiring an increased device size and high forces, and 
because the maneuverability is limited by the relatively 
Small range of motion between adjacent links, it can be quite 
difficult to reach and stabilize vessels of the beating heart 
which are remote from the access opening established by the 
retractor. Multiple link support members may be unable to 
develop the rigidity required for optimum Stabilization of the 
peripheral arteries of the beating heart and may be difficult 
to position at the remote locations which require tight turns 
or extreme angles of the Support member or the contacting 
member relative to the Support member. 
0009 Further, when the proximal end of the Support 
member is attached to the retractor in a generally horizontal 
orientation, it is difficult for a multiple link Support member 
to maneuver the initial roughly 90 degree or less turn 
required to position the distal end Vertically down into the 
target Surgical site. If the multiple link Support member is 
unable to form a Sufficiently tight turn or angle relative to its 
attachment to the retractor, it will tend to occupy an exces 
Sive amount of Space at the access opening thus blocking 
Visual and instrument access to the target Surgical Site to be 
stabilized. 

0010. In view of the foregoing, it would be desirable to 
have a tissue Stabilizing device having a tissue contacting 
member and Support member for Stabilizing the beating 
heart which maintains the Simplicity of use inherent to 
multiple linkS Systems but also provides improved maneu 
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verability and rigidity for optimum stabilization. It would 
also be desirable to have a multiple link Support member 
having a proximal joint or mount which facilitates a Sharp 
turn or angle, Such as may be required when the Support 
member is connected proximally to a retractor or other Such 
device. 

SUMMARY OF THE INVENTION 

0.011 The present invention will be described primarily 
for use during CABG Surgery, but the invention is not 
limited thereto, and is contemplated to be useful for other 
Surgical procedures as well. 

0012. The devices and methods of the present invention 
involve tissue Stabilizers which are constructed to provide 
Superior maneuverability and improved tissue Stabilization 
at a target Site, for example on the beating heart. The present 
invention may involve Stabilization devices that use at least 
one multiple link Support member to operably connect a 
Stabilizer foot to a stable Support, Such as a retractor. To 
minimize motion at the Stabilizer foot and improve the 
overall Stabilization of a target Site, the present invention 
may involve a Stabilizer foot having two or more multiple 
link Support members. The Stabilizer foot is typically posi 
tioned as desired at the Surgical site with at least one Support 
member connecting the Stabilizer foot to a stable Support. 
Subsequently, one or more additional Support members may 
be provided and connected to the Stabilizer foot, typically at 
different locations, to obtain optimum Stabilization. 
0013. One aspect of the present invention involves an 
apparatus for Stabilizing a coronary artery on a patient's 
heart comprising a Stabilizer foot adapted to engage the 
Surface of the heart, a first Support member, and a Second 
Support member. The first Support member may have a distal 
end connected to the Stabilizer foot at a first distal articu 
lating joint and a proximal end connected to a stable Support 
at a first proximal articulating joint. The Second Support 
member preferably has a distal end connected to a Second 
distal articulating joint and a proximal end connected to a 
Stable Support at a Second proximal articulating joint. The 
present invention may involve third and, if desired, fourth 
Support members each having Separate distal and proximal 
attachments. Having more than one Support member con 
necting to the Stabilizer foot and the Stable Support at 
different locations provides greatly improved Stabilization. 

0.014. The stabilizer foot may be configured to have a 
variety of different distal articulating joints including pinned 
or rotational joints, ball joints, malleable joints, or the like. 
In a preferred embodiment, the first or Second distal articu 
lating joint is a ball and Socket joint, typically formed 
between a ball or ball-shaped member extending from the 
Stabilizer foot and a mating cavity formed within the most 
distal link of the first or second support member. The first 
and Second distal articulating joint may also be a rotational 
joint, typically formed between a generally cylindrical post 
extending from the Stabilizer foot and a mating cylindrical 
surface provided within the most distal links of the first or 
second support member. Preferably, the first distal articulat 
ing linkS is a ball and Socket joint allowing optimum 
positioning of the Stabilizer foot against the beating heart 
and the Second distal articulating linkS is a simple rotational 
joint that facilitates quick attachment of the Second Support 
member to the stabilizer foot. 

Feb. 12, 2004 

0015 Preferably, the first Support member includes a 
distal link, a proximal link, and a plurality of interconnecting 
links therebetween. Each of the interconnecting links pref 
erably has a ball or ball-shaped end and a Socket or Socket 
shaped end. The ball shaped ends of the interconnecting 
links are cooperatively engaged with the Socket shaped ends 
of adjacent interconnecting links thereby forming articulat 
ing ball joints between adjacent interconnecting links in a 
manner that allows the first Support member to articulate to 
varied positions, shapes, or orientations along its length. 
0016 Each of the interconnecting links preferably has a 
central hole through which a flexible wire or cable may be 
routed. The cable has a distal end connected to the distal link 
and is routed through the central hole of each of the 
interconnecting links, preferably exiting through the proxi 
mal link. Applying a tensile force to the proximal end of the 
cable frictionally locks the articulating ball joints between 
adjacent interconnecting links, thereby causing the Support 
member to become relatively rigid. 
0017. The resulting force distribution amongst the mul 
tiple Support members allows the Support members to be 
configured with relatively Small croSS-Sectional profiles 
even when the lengths of the Support members are quite 
long. For example, the first Support member preferably has 
a length of greater than about 6.5 inches and an average 
diameter of less than about 0.5 inches. More preferably, the 
first support member has a length of about 7.0 inches to 
about 9.0 inches. The smaller profiles and longer lengths 
advantageously provide the Surgeon with greater Visual and 
instrument access to the Surgical site. 
0018. The stabilizer foot itself may be adapted to engage 
the Surface of the heart using negative pressure, for example, 
by way of a vacuum chamber or by way of a plurality of 
vacuum ports. More preferably, the stabilizer foot has at 
least one contact Surface, preferably textured or otherwise 
adapted to frictionally engage the Surface of the heart. In a 
preferred embodiment, the Stabilizer foot has a first contact 
Surface and a Second contact Surface, the Second contact 
Surface being Spaced apart from and oriented Substantially 
parallel to the first contact Surface. 
0019 Typically, the first and second contact surfaces will 
be positioned on opposite Sides of the target coronary artery. 
The Stabilizer foot may have first and Second posts extend 
ing about the first and Second contact Surfaces to which third 
and fourth support members may be connected. The third 
and fourth Support members have proximal ends connected 
to the Stable Support at third and fourth proximal articulating 
joints, respectively. Preferably, the stable Support is a Sternal 
or rib retractor but may be any other stable structure. 
0020. Another aspect of the present invention involves an 
apparatus for Stabilizing a coronary artery on a patient's 
heart which includes a retractor, a mount base operably 
connected to the retractor, a mount body connected to the 
mount base at a first articulating joint along a first axis, a 
multiple link Support member, and a Stabilizer foot. The 
proximal end of the Support member is preferably operably 
connected to the mount body along a Second axis. The 
stabilizer foot may be operably connected to the distal end 
of the Support member and adapted to engage the Surface of 
the heart, for example, using friction or negative pressure. 
0021. In a preferred embodiment, the first axis is at an 
angle relative to the Second axis, the angle being between 
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about 120 degrees and about 45 degrees, more preferably the 
angle being about 90 degrees. This dual axis articulation 
allows optimum acceSS and positioning of the Stabilizer foot 
and Support member within the Surgical field. 
0022. The retractor preferably has opposing retractor 
blades adapted to engage opposite sides of an acceSS inci 
Sion. In a preferred embodiment, at least one of the retractor 
blades further comprises a rail. Preferably, the rail has first 
and Second rail tabs extending therefrom along the length of 
the rail. Preferably, the mount base is adapted to engage the 
retractor blade at any desired position along the rail. In a 
preferred embodiment, the mount base has first and Second 
channels sized to engage the rail tabs. The Second channel 
may be moveable relative to the first channel such that the 
first and Second channels Slidably engage the rail tabs when 
the Second channel is in a first position and the channels 
frictionally grip the rail tabs when the Second channel is in 
a Second position. 
0023. In a preferred embodiment, the multiple link Sup 
port member comprises a distal link a proximal link and a 
plurality of interconnecting links therebetween. Each of the 
interconnecting linkS may have a ball or ball-shaped end and 
a Socket-shaped end, the ball-shaped ends being coopera 
tively engaged with the Socket-shaped ends of adjacent 
interconnecting links thereby forming articulating ball joints 
between interconnecting links. The distal link preferably has 
a mating cavity adapted to receive a ball-shaped member 
extending from the Stabilizer foot. 
0024. Another aspect of the present invention involves an 
apparatus for stabilizing the coronary artery which involves 
a Stabilizer foot adapted to engage the Surface of the beating 
heart and a multiple linkS Support member having a proxi 
mal end link, a distal end link, and a plurality of center links 
arranged end-to-end therebetween. The Support member 
preferably has a cable extending through the center linkS. In 
a preferred embodiment the distal end link comprises a first 
member and a Second member, the Second member having 
at least first and Second portions defining a cavity therebe 
tween for receiving the ball-shaped member. The first mem 
ber may have a bearing Surface adapted to engage at least a 
portion of the Second member to urge the first and Second 
flexible portions together against the ball-shaped member. 
0.025 The first member preferably has a bore adapted to 
receive at least a portion of the Second member. The distal 
end of the cable is attached to the second member Such that 
when the Second member is pulled in a direction towards the 
first member by operation of the cable, the first and second 
flexible portions are engaged by the bearing Surface causing 
them to frictionally engage the ball-shaped member with 
sufficient force the position of the stabilizer foot relative to 
the distal end link. In one embodiment, the bearing Surface 
is frustoconical. 

0026. The proximal end of the Support member is pref 
erably attached to a Stable Support, which in a preferred 
embodiment comprises a retractor having opposing retractor 
blades for engaging opposite Sides of an access incision. The 
Stabilizing apparatus may further include a mount base 
operably connected to the retractor and a mount body 
connected to the mount base at a first articulating joint along 
a first axis. The proximal end link is preferably connected to 
the mount body along a Second axis. The first axis may be 
angled relative to the Second axis, the angle being between 
about 120 degrees and about 45 degrees. 
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0027. Another aspect of the present invention involves a 
method for Stabilizing a coronary artery on a patient's heart 
which may comprise the Steps of creating an acceSS opening 
into the patient's thoracic cavity to gain access to the beating 
heart, providing a Stabilizer device having a Stabilizer foot 
operably connected to a Support member having a flexible 
condition and a relatively rigid condition, with the Support 
member in a flexible condition, positioning the Stabilizer 
foot to engage the Surface of the heart adjacent the coronary 
artery, causing the Support member to assume the relatively 
rigid condition to thereby resist movement of the stabilizer 
foot, providing at least one additional Support member, 
attaching the distal end(s) of the additional Support mem 
ber(s) to the Stabilizer foot, and causing the additional 
Support member(s) to assume a relatively rigid condition to 
thereby provide additional resistance against movement of 
the Stabilizer foot. The acceSS opening is preferably created 
using a retractor and the method may further include the Step 
of attaching the Support member and the additional Support 
member(s) to the retractor. 
0028. These and other features of the present invention 
will become more fully apparent from the following descrip 
tion and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a top plan view of a tissue stabilizer 
System constructed according to the principles of the present 
invention. 

0030 FIG. 2 is a perspective view illustrating the stabi 
lizer foot of the tissue stabilizer system of FIG. 1. 
0031 FIG. 3 is top plan view illustrating the distal 
connector of the tissue stabilizer system of FIG. 1. 
0032 FIG. 4 is a perspective view a tissue stabilizer 
System constructed according to the principles of the present 
invention. 

0033 FIG. 5 is a perspective view of a tissue stabilizer 
system of FIG. 4 illustrating the attachment of additional 
Support members. 
0034 FIG. 6 is an exploded perspective view illustrating 
the details of the mount assembly of the tissue stabilizer 
system of FIGS. 4 and 5. 

0035 FIG. 7 is a cross-sectional view illustrating a distal 
ball and Socket attachment to a Stabilizer foot. 

0036 FIG. 8 is a perspective view illustrating a tissue 
Stabilizer System constructed according to the principles of 
the present invention. 

0037 FIG. 9 is a cross-sectional view of a portion of the 
tissue stabilizer system of FIG. 8. 

0038 FIG. 10 is a cross-sectional view illustrating one 
embodiment of a distal connection of a Support member to 
a stabilizer foot. 

0039 FIGS. 11 and 12 are perspective views illustrating 
preferred embodiments of the housing and clamp members, 
respectively, of the distal connection of FIG. 10. 

0040 FIG. 13 is a cross-sectional view illustrating a 
preferred distal connection to a Stabilizer foot. 
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0041 FIG. 14 is an exploded perspective view illustrat 
ing the distal connection of FIG. 13. 
0.042 FIG. 15 is a cross-sectional view illustrating an 
alternative distal connection of a Support member to a 
stabilizer foot. 

0.043 FIG. 16 is a perspective view illustrating one of the 
distal link components of the distal connection of FIG. 15. 

0044 FIG. 17 is a front plan view illustrating the distal 
connection of FIG. 15 in an articulated relative to the 
Support member. 

DETAILED DESCRIPTION 

004.5 The present invention involves Surgical instru 
ments for accessing and Stabilizing tissue during a Surgical 
operation and methods for their use. The device described 
herein may be used in a wide variety of Surgical applications 
that require a tissue structure to be Stabilized or immobilized 
to provide a Substantially stable and motionless target Sur 
gical field on which a Surgical procedure can be performed. 
By way of example only, the preferred embodiments 
described in detail below are directed to the stabilization of 
a portion of the heart to facilitate a Surgical procedure on or 
within the heart, Such as a coronary artery bypass graft 
procedure. 

0.046 Although the devices and methods of the present 
invention may have application in both conventional 
Stopped-heart procedures and beating heart procedures, they 
are preferably used to Stabilize the beating heart during a 
CABG operation which has been specially developed to 
facilitate completion of an anastomosis, typically between a 
target coronary artery and a bypass graft or Source artery, 
without requiring cardiac arrest and cardiopulmonary 
bypass. 

0047 A typical beating heart CABG procedure involves 
accessing the beating heart by way of a Sternotomy, mint 
Sternotomy, thoracotomy, mini-thoracotomy, or other Suit 
able access incision, positioning a tissue Stabilizer on, 
around, or adjacent a coronary artery to Stabilize the coro 
nary artery, creating an arteriotomy in the coronary artery, 
and anastomosing the bypass graft or Source artery to the 
arteriotomy. Typically, the tissue Stabilizer has a foot mem 
ber or heart engaging member at one end for engaging the 
Surface of the beating heart generally using friction, negative 
preSSure, or both. The Stabilizer is connected at the other end 
to a Stationary object Such as a Sternal retractor, rib retractor, 
or other Such stationary Structure. Exemplar devices and 
methods for accessing the beating heart and mounting a 
Stabilizer device are disclosed in co-pending U.S. patent 
application Ser. No. 09/305,810 “A SURGICAL RETRAC 
TOR APPARATUS FOR OPERATING ON A HEART 
THROUGH AN INCISION”, the entirety of which is herein 
incorporated by reference. 

0.048. The devices and methods of the present invention 
involve tissue Stabilizers which are constructed to provide 
Superior maneuverability and improved tissue Stabilization 
at a target Site, for example on the beating heart. The present 
invention may involve Stabilization devices that use at least 
one multiple link Support member to operably connect a 
Stabilizer foot to a stable Support, Such as a retractor. To 
minimize motion at the Stabilizer foot and improve the 
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overall Stabilization of a target Site, the present invention 
may involve a Stabilizer foot having two or more multiple 
link Support members. 

0049. When the stabilizer system is configured to use 
more than one Support member, at least one of the Support 
members may be pre-attached to the stabilizer foot. After the 
Stabilizer foot has been positioned at the target Site to be 
Stabilized, the pre-attached Support member may be locked 
in place according to its particular construction to effectuate 
a significant measure of Stabilization or immobilization of 
the target Site. One or more additional Support members may 
then be introduced to the target Site, attached to the Stabilizer 
foot, and locked in place to further minimize motion of the 
tissue at the target Site. Although this method of Stabilizing 
a tissue structure will be described in detail below with 
regard to multiple link Support members, it is equally well 
Suited for use with continuous rigid or malleable Support 
members, or a combination of the various types of Support 
members. 

0050. To improve the ability of a support member to be 
easily articulated from its attachment at the Stable Support to 
the Stabilizer foot positioned at a target Site, one or more of 
the multiple link Support members may be operably asso 
ciated with an attachment or mount which provides addi 
tional degrees of freedom at its connection to the Stable 
Support. For example, the mount may provide a rotational 
joint or ball joint at the connection to the Stable Support So 
that the proximal link or links of the multiple link Support 
member can be more freely oriented towards the target Site, 
even before any articulation of the links provided by the 
Support member. This tends to result in leSS Visual and 
instrument obstruction of the Surgical Site by the Support 
member and allows the stabilizer foot to be positioned at a 
target Site using a Support member constructed with fewer 
linkS. 

0051 A typical construction of the multiple link support 
members utilizes a Series of in-line ball and Socket links, 
each having a significantly limited range of motion. To 
provide a greater range of motion for adjusting the orienta 
tion of the stabilizer foot relative to the Support member, the 
present invention may involve a distal connection to the 
Stabilizer foot which allows a greater range of articulation. 
The ability to articulate the stabilizer foot through an 
extended range of motion greatly increases the ability of the 
device to be Satisfactorily positioned at target Sites which are 
remote, angled, or otherwise difficult to reach. 
0052 Referring to the figures wherein like numerals 
indicate like elements, an exemplar tissue Stabilization Sys 
tem using multiple Support members is illustrated with 
respect to FIGS. 1-3. Tissue stabilization system 100 is 
shown in place over a coronary artery on the Surface of a 
heart in FIG. 1. Tissue stabilization system 100 generally 
includes a heart engaging member or Stabilizer foot adapted 
to engage the Surface of the heart and one or more Support 
members connecting the foot to a stable Support, Such as for 
example retractor 102. Preferably, the stabilizer foot is 
connected to the Stable Support using a plurality of multiple 
link Support members. The heart engaging member or Sta 
bilizer foot may is preferably configured to atraumatically 
engage the Surface of the heart using mechanical friction, 
negative pressure, or a combination of the two and may be 
of any Suitable construction. 
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0053. In a preferred embodiment, stabilizer foot 125 is 
connected to retractor assembly 102 using multiple link 
support members 110 and 112. Support members 110 and 
112 are preferably a Series of interconnecting ball and Socket 
links having a common tension wire or cable (not shown) 
extending therethrough which may be tensioned to axially 
compress the ball and Sockets together to frictionally lock 
the individual joints between links. Thus, the position and 
orientation of support members 110 and 112 may be rela 
tively freely articulated until the cable is tensioned to 
frictionally engage the individual joints, making the Support 
member relatively stiff or rigid. 
0054. In one embodiment, support members 110 and 112 
have a proximal housing 115 at which the proximal end of 
the tension cable may be operably coupled to knob 116. 
Although not visible in the view shown, knob 116 typically 
has a threaded portion for engaging a threaded coupling on 
the proximal end of the tension cable Such that rotation of 
knob 116 relative to housing 115 tensions the cable and 
compresses the linkS along Support members 110 and 112. 
Of course, the cable may be tensioned using any other 
Suitable mechanism that can be actuated easily by the user 
in the context of a Surgical Setting. 
0055 Stabilizer foot 125 preferably has one or more 
Support members which are pre-attached to Stabilizer foot 
125, and one or more releasable Support members which can 
be connected to stabilizer foot 125 after stabilizer foot 125 
has been positioned as desired on 20 the surface of the heart. 
In a preferred embodiment stabilizer foot 125 has two 
support members 112 pre-attached at distal ball joint 130, 
preferably at raised base 126. When stabilizer foot 125 is 
configured to use two pre-attached Support members 112 as 
shown, the distal ball joints 130 are generally Spaced apart 
a predetermined distance along raised base 126. 
0056. If stabilizer foot 125 if configured to use only one 
pre-attached Support member, it may be attached to either 
one of the two distal ball joints as may be clinically 
advantageous, or a Single center ball joint may be provided. 
In addition, a single Support member may be provided which 
bifurcates to connect to any two of the provided ball joints 
as desired. Such a bifurcated Support member provides the 
desirable mulitple point mounting at the Stabilizer foot with 
minimal obstruction of the Surgical field. 
0057 Distal ball joint 130 may be any suitable articulat 
ing joint that allows stabilizer foot 125 to be positioned over 
a target artery as shown and then locked with the Support 
member as tension cable becomes taught. In a preferred 
embodiment, stabilizer foot 125 may have one or more 
generally upward extending posts 132 each Supporting a ball 
or ball-shaped member 134 which may be engaged by the 
distal end of support members 112. In one embodiment, ball 
shaped member 134 may be conveniently engaged by way 
of a Support member having a distal collet type construction 
as illustrated in FIG. 7, discussed in detail below. 

0.058 With support members 112 attached to stabilizer 
foot 125 in an articulating fashion at distal ball joints 130, 
Stabilizer foot may be placed over the target Site as desired. 
In the case of Stabilizing a coronary artery on the beating 
heart for performing a CABG procedure, stabilizer foot 125 
preferably has first and second contact members 127 and 
128 which may be placed on opposite Sides of a target 
coronary artery to allow the application of the required 
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Stabilization forces to the Surrounding or adjacent tissue 
without significant compression or occlusion of the coronary 
artery. Once the stabilizer foot has been positioned at the 
target Site, one or both of Support members 112 is stiffened 
or locked using knob 116, thereby providing a significant 
measure of Stabilization to the affected tissue. 

0059. In some instances, it may be possible for a single 
multiple link Support member to provide acceptable Stabi 
lization. In many cases, however, and especially cases 
involving the difficult access requirements of multiple vessel 
bypass procedures on the beating heart, a Single multiple 
link Support member cannot achieve Sufficient rigidity for 
optimum Stabilization without resorting to excessive forces, 
disadvantageously short Support member lengths, or exces 
Sively large Support member profiles or diameters. Further, 
depending on the final articulated position of a particular 
multiple-link Support member, the Support member may be 
better able to resist forces delivered along certain vectors 
and Somewhat less able to resist (i.e., more flexible) forces 
delivered along other vectors relative to the Support member. 
AS a result, having more than one Support member attaching 
at different global relationships to the encountered forces 
tends to significantly increase the ability of Stabilizer foot 
125 to resist movement which would otherwise occur as a 
result of the forces delivered by the contacted tissue. 
0060) If the stabilization provided by support members 
112 alone is Sufficient, the Surgical procedure can proceed 
without further alteration or adjustment of the stabilization 
system. To further minimize or eliminate motion of stabi 
lizer foot 125 one or more releasable support members 110 
may be attached to the front of stabilizer foot 125 using any 
convenient attachment means. Support members 110 may be 
attached to a ball and post arrangement Similar to that of 
Support member 112. In another embodiment, Support mem 
bers 110 may be have distal connectors 135 which attach to 
posts 129 preferably extending generally upwardly from 
contact members 127 and 128. 

0061 Preferably, distal connector 135 is constructed to 
clamp onto post 129 to prevent any relative motion ther 
ebetween. Distal connector 135 may have clamp portion 136 
connected to link portion 150. Link portion 150 has a socket 
adapted to receive a ball portion of the distal link of Support 
member 110 and a generally centered counterbore in which 
the distal end of the tension cable which forces the multiple 
links into frictional engagement may terminate. Clamp 
portion 136 has a center bore 138 sized to fit over pin 129 
and a slot 140 generally Separating clamp portion 136 into 
first clamp halve 142 and second clamp halve 144. A 
threaded extension of knob 156 may be assembled through 
clearance hole 146 and threaded into threaded hole 148. 
Tightening knob 156 then forces first and second clamp 
halves 142 and 144 together, thus fixing distal connector 135 
relative to post 129. Once connected to support member 125, 
support members 110 may be locked using knobs 116, 
preferably acting on a central tension cable (not shown). 
0062) The pre-attached support members 112 and the 
releasable support members 110 are preferably oriented in 
Such a manner as to minimize visual and instrument access 
to the Surgical Site. To provide greater flexibility in posi 
tioning the Support members in a desirable fashion, one or 
more of the housings 115 may mounted to the stable Support 
using an articulating joint which provides one or more 
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additional degrees of freedom about which housing 115 may 
be articulated. In one embodiment, housings 115 have a 
generally cylindrical bore adapted to rotate about mating 
pins 120 which are fixedly connected to the stable Support, 
in this case retractor assembly 102. 
0.063. The retractor assembly can be any suitable retractor 
Suitable to create the desired access opening for operating on 
the heart, or other tissue structure of interest. In a preferred 
embodiment, retractor assembly 102 has opposing retractor 
arms 106 and 108 which may be driven apart by a suitable 
toothed or cable drive actuated by handle 104. Each of 
retractor arms 106 and 108 have a means for attaching 
support members 110 and 112, which in the embodiment 
shown comprise posts 120 which may be rotationally 
received by cylindrical mating bores in housings 115. In this 
manner, each of housings 115 and support members 110 and 
112 provided may be rotated about posts 120 to obtain nearly 
any desired orientation. HousingS 115 are fixed in place 
relative to posts 120 by tightening their respective knobs 118 
which are threaded into housingS 115 to bear against posts 
120. 

0064. In a preferred method of operating tissue stabili 
zation system 100, opposing retractor arms 106 and 108 are 
first placed within a Suitable incision and actuated to create 
an access opening through which the beating heart may be 
directly viewed. Stabilizer foot 125, with support members 
112 connected thereto, is positioned over a target Site, 
preferably with contact members 127 and 128 on opposite 
Sides of a coronary artery targeted which is to be anasto 
mosed to a source or graft bypass vessel. With stabilizer foot 
125 roughly in position, knobs 118 associated with housings 
115 of support members 112 are tightened to prevent further 
relative motion at post 120. If desired, a suitable compres 
sive force may be manually applied to stabilizer foot 125 
using the operator's hand, the Support members themselves, 
or other suitable instrument. Support members 112 may then 
be locked by actuation of associated knobs 116 to provide a 
measure of Stabilization to the heart tissue and coronary 
artery. 

0065. If further stabilization is desired, one or both of 
support members 110 may be attached proximally to retrac 
tor arms 106 or 108. The distal connectors 135 may then be 
placed over posts 129 and secured using knobs 156. Respec 
tive housings 115 of support members 110 may be locked in 
place relative to posts 120 using associated knobs 118. Any 
desired final adjustments may be made to the position or 
orientation of Support members 110, and then Support mem 
bers 110 are locked or made rigid by actuating knob 116. 
With the site stabilized, an arteriotomy 101 is then created 
in the target coronary artery and the graft or Source vessel is 
anastomosed to the Substantially motionless arteriotomy 
101. 

0.066 Using more than one support member and connect 
ing each to a separate location on the Stabilizer foot has a 
number of advantages. The multiple point mount as just 
described provides Superior Stabilization even with Support 
members that are constructed to have a relatively Small outer 
diameter and are constructed to operate using Somewhat leSS 
force in the central tension cable. In essence, the multiple 
Support member System allows the use of Smaller profile or 
lower force support members than would normally be 
required to Stabilizer a tissue structure Such as the beating 
heart. 
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0067. The multiple support member system also allows 
one or more of the Support members to be configured to have 
a longer length than would normally be feasible in Single 
Support member Systems due to the resulting inability to 
Stabilize attributable to Such longer lengths. The long length 
advantageously allows the body of the Support member to be 
articulated to a position which will not inhibit access to the 
Surgical Site, yet Still facilitates placement of the Stabilizer 
foot at locations remote from the proximal attachment to the 
Stable Support. 
0068 The benefits of increased length is even greater 
when the Support member has also been constructed to take 
advantage a Smaller outer diameter. For example, even with 
Support members having a length of 6.5 inches or more the 
diameters of the individual links may remain quite Small, 
preferably the largest diameter being 0.5 inches or less, more 
preferably in the range of about 0.250 inches to about 0.50 
inches. In a preferred embodiment, the Support members are 
constructed to have a predetermined length in the range of 
about 7 inches to about 8.5 inches and an average diameter 
in the range of about 0.375 inches to about 0.5 inches. Again, 
the capability to adequately Stabilize using Support members 
having long lengths and Small outer diameters greatly 
improves the ability of the Surgeon to arrange the Surgical 
Site for optimum visual and instrument access. 
0069. Another tissue stabilization system capable of uti 
lizing more than one support member is illustrated in FIGS. 
4-7. Stabilization system 200 generally includes a stable 
Support in the form of a Sternal retractor 212 having oppos 
ing blades 214 and 216 for creating an acceSS opening, a 
Stabilizer foot for engaging the tissue to be Stabilized, and 
one or more multiple link Support members connecting the 
stabilizer foot to the sternal retractor. Preferably, the support 
members have proximal mounts that can be moved to any 
desired position along the length retractor blades. The proxi 
mal mounts may also be provided with increased degrees of 
freedom to allow for optimum adjustment and positioning of 
the Support members and Stabilizer foot. 
0070 The stabilizer foot can be any type of foot or end 
member adapted to engage the Surface of the heart using, for 
example, mechanical compression and friction, negative 
pressure, or any combination of the two. Preferably, the 
Stabilizer foot is adapted to frictionally engage and press 
against the Surface of the heart. In a preferred embodiment, 
stabilizer foot 225 has first and second contact members 227 
and 228 connected by raised base portion 226 which is 
preferably in the form of a re-curve. An underside region of 
contact members 227 and 228 preferably has a textured 
region Specifically configured to frictionally engage the 
Surface of the heart. 

0071 Stabilizer foot 225 preferably has at least one 
multiple link Support member which preferably has a Series 
of articulating elements or links interconnected together 
with a tension cable extending through passageways pro 
Vided in each element or link. In a first State, the multiple 
links are allowed to freely articulate thus rendering the 
Support member quite flexible, bendable or positionable. In 
a Second State, the Support member may be made relatively 
Stiff or rigid by application of an appropriate tension applied 
to the cable to force the multiple links into frictional 
engagement with each other. In a preferred embodiment the 
links are joined together by articulating ball and Socket 
joints. 
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0.072 In a preferred embodiment, stabilizer foot 225 has 
at least one Support member which may be pre-attached to 
stabilizer foot 225 to facilitate the placement of stabilizer 
foot 225 within the Surgical site and to provide at least initial 
Stabilization of the tissue at the targeted Site. Support mem 
ber 210 preferably has an interconnecting series of ball and 
Socket linkS 290, each having a generally Spherically-shaped 
Socket 292 on one end and a generally ball-shaped member 
291 on the other end, the ball-shaped members of one link 
adapted to engage within the Socket of the next link. 
0.073 Support member 210 connects proximally to a 
Stable Support preferably by way of an instrument mount or 
the like which provides one or more degrees of freedom 
which are not inline with the proximal links of Support 
member 210. In a preferred embodiment, support member 
210 connects proximally to instrument mount assembly 220. 
Preferably, instrument mount assembly 220 has ball joint 
205 about which at least a portion of instrument mount 
assembly 220 can be articulated to achieve a desirable 
position and orientation of the proximal end portion of 
support member 210. Preferably, ball joint 205 has a work 
ing axis which is at an angle with respect to the working axis 
of the ball and Socket joints of the proximal links of Support 
member 210. The angle is typically between about 120 
degrees and about 45 degrees and is preferably about 90 
degrees. 

0.074. In a preferred embodiment, retractor blades 214 
and 216 have top rails 260 upon which instrument mount 
assembly 220 may be mounted. Top rails 260 preferably 
have tabs 268 and 269 along the length of rails 260 which 
may be engaged by hook or channel features or the like 
provided on instrument mount assembly 220. This allows 
instrument mount assembly 220 to be positioned at any 
desirable location along the length of rails 260. 
0075) Mount assembly 220 is shown in more detail in 
FIG. 6. Preferably, instrument mount assembly 220 has a 
fixed rail grip 253 and a moveable rail grip 254 for engaging 
tabs 268 and 269. Rail grips 253 is part of mount base 245 
and moveable rail grip 254 is part of articulating hinge 
member 256, which is pivotally attached to mount base 245 
by way of hinge pins 247, or other suitable fastener. Mount 
base 245 is free to controllably slide along rail 260 to any 
desired position at which point hinge member 256 and rail 
grip 254 may be articulated in a clamping manner towards 
rail grip 253 on mount base 245 effectively clamping mount 
base 245 onto rail 260. Rail grips 253 and 254 are preferably 
in the form of C-shaped channels sized to receive rail tabs 
268 and 269. 

0.076 Hinge member 256 may be articulated using any 
Suitable mechanism capable of pivoting hinge member 256 
to a closed position and holding it there. In a preferred 
embodiment, hinge member 256 is articulated by action of 
cam 258. Cam 258 has a bore 257 which cooperatively 
rotates about cam guide 261 on mount base 245. Base lever 
262 may be used to rotate cam 258 about cam guide 261. 
Additional details and variations of the cam, rail gripS and 
the connection between mount base 245 and rails 260 can be 
found in U.S. patent application Ser. No. 09/305,810 which 
has already been incorporated by reference above. 
0077 Ball joint 205 is generally created between ball 255 
provided at the top of mount base 245 and a Socket or mating 
cavity 259 within mount body 250. Preferably, ball 255 and 

Feb. 12, 2004 

mating cavity 259 are preferably spherical. Base post 265 
extends vertically upward through bore 246 of mount base 
245 and vertical bore 252 of mount body 250 until enlarged 
end portion 263 becomes biased against mount base 245. 
Top mount knob 202 may then be threaded onto threaded 
shaft 267 whereby mount base 245 and mount body 250, 
with ball 255 received within mating cavity 259, becomes 
captured between top mount knob 202 and enlarged end 
portion 263. Continued tightening of top mount knob 202 
over threaded shaft 267 forces ball 255 harder against mount 
body 250 until the friction between mating surfaces on ball 
255 and mating cavity 259 become so great as to effectively 
resist any relative movement, thus locking ball joint 205. 

0078. As mentioned above a flexible tension wire or 
cable is preferably routed through the links of Support 
member 210 for the purpose of urging the associated ball 
and Socket joints into frictional engagement rendering Sup 
port member 210 relatively rigid. In a preferred embodi 
ment, cable 295 passes through each of the links forming 
support member 210 and then into mount body 250, through 
transverse bore 266 in base post 265, and terminating at 
threaded connector 275 which is preferably swaged or 
otherwise fixedly connected to cable 295. Threaded connec 
tor 275 may be engaged by internal threads 207 provided in 
knob. 204. Knob 204 is preferably rotatable relative to mount 
body 250, and may preferably have a guide housing 206 
which is received within a mating bore (not visible in this 
view) in mount body 250. 
0079. With knob 204 engaged against mount body 250, 
rotation of knob. 204 causes internal threads 207 to operate 
on threaded connector 275 to cause cable 295 to be pulled 
or released depending on which direction knob. 204 was 
rotated. Threaded connector 275 preferably has an end 
housing 276 which is keyed against rotation within mount 
body 250, thus causing the desired linear translation of 
threaded connector 275 required to tension cable 295. Key 
ing threaded connector 275 against rotation ensures that 
rotation of knob. 204 will result in the desired relative 
movement between internal threads 207 and threaded con 
nector 275 instead of allowing threaded connector 275 to 
merely rotate and torsionally wind up cable 295. In a 
preferred embodiment, end housing 276 is provided with 
one or more protrusions or keys 277 which mate with 
keyways (not shown) within mount body 250. 
0080 Mount body 250 may engage the proximal most 
link of Support member 210 using any type of convenient 
fixed, rotational or ball and Socket connection. In a preferred 
embodiment, mount body 250 has a horizontal bore 251 and 
proximal link 280 of Support member 110 has housing 281 
which is adapted to rotationally mate with bore 251. Bore 
251 and housing 281 may be tapered somewhat so that they 
more readily frictionally lock as cable 295 is tensioned to 
compress links 290 as well as proximal link 280 into mount 
body 250. Proximal link 280 preferably has ball on its distal 
end which forms a ball and Socket joint as it mates with link 
290. 

0081 Support member 110 is preferably connected dis 
tally to stabilizer foot 225 in any convenient manner which 
allows stabilizer foot 225 to be articulated as required for the 
Surgical procedure contemplated. In one example, Stabilizer 
foot 225 may simply have a socket for receiving ball 291 of 
the distal most link of support member 110 and cable 295 
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attaches to and pulls against Stabilizer foot 225 to compress 
the multiple links along support member 110. Articulation of 
stabilizer foot 225 is then limited to the range of motion 
provided by that type of ball and socket joint. 

0082) Referring to FIG. 7, the distal end of support 
member 110 is preferably adapted to receive and secure a 
ball member extending from raised base 226 of stabilizer 
foot 225 forming a distal ball joint 230. Preferably, raised 
base 226 has ball 322 extending from post 324. Post 324 
may have connecting base 326 to facilitate attachment to 
raised base 226, for example by welding or by mechanical 
fasteners or other suitable instrumentality. The distal end of 
support member 110 preferably has distal member 310 with 
a socket 315 adapted to mate with ball 332. Because ball 332 
and mating socket 315 of distal member 310 are not bur 
dened by having a cable passing through, they may be 
considerably Smaller in size and have an extended range of 
motion. By also including one or more distal slots 318 
leading into the Spherical Socket sized to accommodate post 
324, the range of motion of the stabilizer foot 225 may be 
further increased. Preferably, distal member 310 has four 
slots 318 spaced roughly at 90 degree intervals. 

0083) In a preferred embodiment, distal member 310 has 
multiple Sections or portions which are constructed to oper 
ate in the manner of a collet to lock the position of ball 322 
within spherical cavity 315. Preferably, distal member 310 
has one or more, preferably two to four, slots 316 extending 
a distance up the side of distal member 310, forming first and 
second flexible distal member portions 313 and 314. Slots 
316 are preferably configured to provide sufficient flexibility 
in the structure of distal member 310 to allow distal member 
portion 313 and distal member portion 314 to flex towards 
each other, thus causing Spherical cavity 315 to collapse 
around ball 322. 

0084. The distal member portions may be urged together 
in any convenient manner. For example, causing distal 
member portions 313 and 314 to collapse and lock onto ball 
322 may be accomplished by providing collar member 300 
just proximal to distal member 310 against which distal 
member 310 may be urged by operation of cable 295 to force 
the distal member portions together. In a preferred embodi 
ment, collar member 300 has a proximal spherical Socket 
302 for receiving ball 291 from link 290 of support member 
110 and a central bore 305 for receiving distal member 310. 
Central bore 305 preferably has an angled or conical bearing 
Surface 303 which mates with a mating angled or conical 
surface 312 provided on distal member 310. Mating surface 
312 extends to a diameter which is greater than the extents 
of conical Surface 303 Such that distal member portions 313 
and 314 are forced together as mating Surface 312 is drawn 
within conical Surface 303. 

0085 Distal member 310 is preferably drawn into collar 
300 by pulling cable 295 proximally in relation to mount 
body 250 using knob 204 as described above. Cable 295 is 
preferably routed through openings 293 provided through 
each link 290, through opening 304 of collar 300, and 
attaching distally to distal end member 310. In a preferred 
embodiment, cable 295 has a cable end member 306 
installed through opening 308 in distal end member 310. 
Cable end member 306 may have flange 307 having a 
diameter greater than that of opening 308 so that the distal 
end of cable 295 can pull on distal member 310 with 
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sufficient tension to lock not only distal member 310 onto 
ball 322 but each of the ball and socket joints along Support 
member 110. 

0.086 Preferably, distal member portions 313 and 314 
Spring open far enough in the relaxed State to allow Spherical 
cavity 315 to easily fit over ball 322. This allows the 
asSociated Support member to be attached to ball 322 and 
removed from ball 322 as desired. For example, the Support 
member may be detached from ball 322, the stabilizer foot 
repositioned, and then reattached to ball 322. Also, when a 
CABG procedure is being performed endoscopically, for 
example, through Small access openings or ports, the Stabi 
lizer foot can be positioned onto the heart through a first port 
or access incision, and one or more additional Support 
members can be inserted through one or more additional 
access incisions and connected to the Stabilizer foot to 
provide improved Stabilization. 

0087. In a preferred embodiment of the present invention, 
support member 210 operates to connect stabilizer foot 225 
to instrument mount assembly 220 which may be positioned 
and fixedly attached to a stable Support, Such as Sternal 
retractor 212. Sternal retractor 212 may be of any suitable 
retractor construction as is known in the art, but preferably 
is of the construction described in U.S. patent application 
Ser. No. 09/305,810 which has already been incorporated by 
reference above. Preferably, sternal retractor 212 comprises 
first and second retractor blades 214 and 216 which are 
connected to a Suitable drive for controllably spreading 214 
and 216 apart in a general parallel fashion. 

0088 First and second retractor blades 214 and 216 
preferably each have at least one channel or Sternal engaging 
member 218 adapted to engage opposite Sides of an access 
incision. Sternal engaging member is preferably U-shaped, 
curved, or otherwise shaped for Securely engaging the 
incised Sternum in a manner that allows very little move 
ment of retractor blades 214 and 216 relative to the incised 
sternum. As first and second retractor blades 214 and 216 are 
forced apart, engaging members 218 are correspondingly 
force the incision open to provide direct access to the desired 
Surgical site. In the example of a Sternal approach to the 
heart, engaging members 218 are adapted to engage each 
Side of the incised Sternum to reliably hold and engage the 
Sternum as it is forced open to expose the thoracic cavity and 
ultimately the heart. 

0089. A preferred drive for spreading apart first and 
second retractor blades 214 and 216 generally includes bar 
215 having housing 221 fixed thereto, moveable housing 
222 and handle assembly 224 which facilitates movement of 
moveable housing 22 relative to bar 215. First blade 214 and 
second blade 216 are preferably operably attached to move 
able housing 222 and fixed housing 221, respectively. First 
and second retractor blades 214 and 216 may be perma 
nently attached or may be removably attached. Retractor 
blades 214 and 216 may be attached in any suitable fashion 
including, for example, threaded connections or other mat 
ing features on the retractor blades or housings themselves, 
ordinary or Specialized mechanical fasteners, and cam or 
latching mechanisms adapted to Secure the platform blades 
to the housings. In a preferred embodiment, both moveable 
housing 222 and fixed housing 221 are constructed with 
features which engage, Secure, and Support first and Second 
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retractor blades 214 and 216 in an operable position, thus 
providing a retractor assembly 212 which is ready for 
Surgical use. 
0090 Bar 215 preferably includes a number of teeth 213 
evenly spaced along at least a portion of its length. Handle 
assembly 224 preferably includes a means for engaging 
teeth 213 so as to drive moveable housing 222 relative to bar 
215 to any desired position under load where it remains so 
positioned against the load without need for any applied 
input or holding force. The means for engaging teeth 213 
may be any Suitable gear, ratchet, cog or like mechanism. 
Preferably, handle assembly 224 drives moveable housing 
222 using one or more drive pins which may Successively 
engage teeth 213 in a cogging manner has handle 229 is 
rotated by the user. 
0.091 Platform blades preferably incorporate a number of 
additional features which enhance the performance of the 
retractor System Such as recessed, locking Suture channels 
270, flexible tissue retainers 285 and rails 260 to which 
instrument mount assembly 220 or the like can be mounted. 
These features are described in further detail in U.S. patent 
application Ser. No. 09/305,810 which has already been 
incorporated by reference above. 
0092 Tissue stabilization system 200 provides a conve 
nient System with which to position and Secure Stabilizer 
foot 225 in a desired position and orientation for Stabilizing 
a tissue structure Such as a target coronary artery on the 
surface of the heart. Rails 60 provided on first and second 
retractor blades 214 and 216 allow as many instrument 
mounts, each having multiple link Support members for 
attachment to Stabilizer foot 225, as may be necessary to be 
added and positioned along rail 60. 
0093. In use, support member 210 is typically pre-at 
tached to stabilizer foot 225 at distal ball joint 230. Referring 
again to FIGS. 4 and 5, instrument mount assembly 220 is 
preferably assembled over rail 60 and positioned to a desired 
location along rail 60 and locked into place. Stabilizer foot 
225 is brought to or near the Surgical Site and the coronary 
artery that is to be stabilized. Ball joint 205 may then be 
locked in place using top mount knob 202. Stabilizer foot 
225 may be further adjusted or oriented relative to the 
surface of the heart as desired. Support member 210 and 
distal ball joint 230 are then preferably locked in place using 
knob. 204, thus providing a measure of stabilization to the 
Surgical Site. 
0094. If the stabilization provided by support member 
210 alone is sufficient, arteriotomy 101 may be created to 
begin the Standard anastomosis procedure. However, in a 
preferred embodiment, stabilizer foot 225 is provided with 
one or more additional post Supported ball members to 
which additional Support members, either of the continuous 
or multiple link type, may be added to provide additional 
stabilization. In a preferred embodiment, balls 232 and 234 
are provided on stabilizer foot 225 near the unsupported end 
of each of contact members 227 and 228. If additional 
stabilization is desired, instrument mount assembly 235 
having multiple link support member 238 can be brought 
attached to stabilizer foot 225 at ball 232 to form distal ball 
joint 239 and secured in place using top mount knob. 236 and 
knob. 237. 

0095) Even further stabilization can be provided, if 
desired, by attaching instrument mount assembly 240 having 
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multiple link support member 243 to rail 60 as shown and 
attaching the distal end of support member 243 to ball 234 
to form distal ball joint 244. Support member 243 may be 
secured in place using top mount knob 240 and knob. 242. In 
one embodiment, stabilization system 200 will have at least 
one support member attached to rails 60 of both retractor 
blades 214 and 216. Alternatively, all the support members 
may be mounted only a Single rail or either of retractor 
blades 214 and 216. 

0096) Instrument mount assemblies 235 and 240 are 
preferably constructed in the same manner as instrument 
mount assembly 220 described above. Each of the instru 
ment mount assemblies have a ball joint which is not in-line 
with the cable 295 and the proximal links of the respective 
Support members. This allows the proximal end of each 
Support member to be articulated, oriented, or otherwise 
directed about the working axis of the ball joint. The ability 
of the instrument mount to articulate in this fashion allows 
the Stabilizer foot to be more easily placed at a wider range 
of target Surgical Sites and greatly alleviateS problems asso 
ciated with the limited range of motion associated with the 
links from which typical multiple link Support members are 
constructed. 

0097. In addition, the additional degrees of freedom 
provided by the instrument mount assemblies may allow the 
Support members to have constructions which allow 
improved rigidity or Smaller overall size. The ball and Socket 
joints formed by the links of multiple link support members 
must have Sufficient contact area to Support the loads 
required to generate the locking frictional forces. In general, 
to obtain a greater range of motion in Support members 
having ball and Socket joints of a particular diameter, the 
contact area must typically be decreased due to larger holes 
through the ball and Socket links to accommodate the 
increased cable travel and due to the Smaller degree of 
engagement between the mating ball and Sockets required to 
gain the increase motion. The articulation provided by the 
instrument mount assembly may allow at least a portion of 
the Support members to Satisfactorily operate with a reduced 
range of motion, thus allowing a construction having greater 
contact area or Smaller overall size. 

0098. The articulation of instrument mount assemblies 
220, 235, and 240 may be locked independently by opera 
tion of top mount knobs 202, 236, and 241 respectively. In 
many instances, it may be preferred by the Surgeon to have 
the capability to lock ball joint 205 at a desired position 
leaving Support member 210 free to articulate for position 
ing stabilizer foot 225 relative to the tissue structure to be 
stabilized. Further, fine adjustment to the position of stabi 
lizer foot 210 during a Surgical procedure may preferably be 
accomplished by loosening any of knobs 204, 237, or 242 to 
allow articulation of the respective Support member without 
disturbing the position of the instrument mount. 

0099. In other instances, primarily determined by Sur 
geon preference, it may be desirable to tighten all the 
degrees of freedom using only a single knob, lever, etc. 
Referring to FIGS. 8 and 9, tissue stabilizer assembly 400 
illustrates an instrument mount assembly which allows the 
various articulating joints provided at stabilizer foot 325, 
along support member 480, and within instrument mount 
assembly itself to be locked using a single user interface, 
such as knob 414. Preferably, the instrument mount assem 
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bly allows support member 480 to be operably connected to 
a stable Support, Such as a retractor or the like, through an 
articulating joint that is not in line with the links of Support 
member 480. 

0100. The instrument mount assembly preferably has a 
ball joint between mount base 421 and mount body 422 
along a first axis 482 and provides for the connection of the 
proximal end of Support member 480 generally along axis 
481. Axis 481 and 482 may be at any convenient angle to 
each other, typically less than about 120 degrees, more 
preferably between about 100 degrees and about 45 degrees, 
and are most preferably generally perpendicular to each 
other. The ability to lock the articulating joints along the 
different axis using a Single knob tends to reduce the 
operational complexity of the instrument while maintaining 
the ability to easily maneuver and Secure the Stabilizer foot 
through an acceSS incision and into contact with a tissue 
structure to be stabilized. 

0101. In a preferred embodiment, the articulating joint 
between mount base 421 and mount body 422 is preferably 
a ball and Socket configuration which may be created 
between generally spherical ball 429 provided at the top of 
mount base 421 and a mating cavity or socket 440 within 
mount body 422 adapted to receive at least a portion of ball 
429. Preferably, the ball and socket configuration may also 
include a generally spherical end 432 on base post 430 
which couples with mating surface 447 in the interior of 
mount base 421. 

0102 Base post 430 is generally positioned through 
mount base 421 such that spherical end 432 abuts mating 
surface 447 within mount base 421. In this configuration, 
mount base 421 is controlled between spherical end 432 and 
Socket 440 and becomes locked in place as the distance 
between spherical end 432 and socket 440 is reduced to a 
dimension which clamps that portion of mount base 421 
residing therebetween. Preferably, base post 430 has an 
extension or Support post 436 which is engaged within a 
receiving hole in the top of mount body 422 to facilitate the 
desired controlled motion relative to mount body 422. 
0103 Support member 480 preferably has a number of 
ball and Socket elements or links 290 and tension cable 486 
extending through passages provided in each link. In a 
preferred embodiment, the proximal most of links 290 is 
connected to mount body 422 by way of proximal connect 
ing link 475 which, on a distal end has ball 478 which is 
engaged within a Socket on mating link 290. 
0104 Connecting link 475 preferably engages mount 
body 422 in a manner which allows connecting link 475 to 
be frictionally locked against mount body 422 as cable 486 
is tensioned. The interface between mount body 422 and 
connecting link 475 may be any Suitable connection includ 
ing a rotational joint or a ball and Socket joint. In a preferred 
embodiment, mount body 422 has a frustoconical Surface 
423 which mates with frustoconical Surface 424 on connect 
ing link 475 to form a rotational joint between mount body 
422 and connecting link 475. 
0105. The tension in cable 486 may be manually 
increased of decreased by rotating knob 414 in the appro 
priate direction. In a preferred embodiment, the proximal 
end of cable 486 is connected to a pull pin 450. Preferably, 
the proximal end of cable 486 is positioned within hollow 
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region 456 and Secured using a Suitable Squeezing, crimping, 
Swaging or like process. Pull pin 450 has a threaded section 
453 which is engaged by internal threads 418 of knob 414. 
When the internal threads 418 of knob 414 are advanced 
along threaded section 453 of pull pin 450 by rotation of 
knob 414 in the appropriate direction, pull pin 450 and thus 
cable 486 is pulled in a direction generally opposite to the 
direction indicated by arrow 483. Urging pull pin in this 
direction relative to mount body 422 causes the articulating 
joints along cable 486, including those associated with 
connecting link 475, to compress and become relatively 
rigid as the frictional forces reach Sufficient magnitude. To 
prevent pull pin 450 from excessively rotating as knob 414 
is rotated, pull pin 450 may be keyed against rotation 
relative to mount body 422. 

0106. At the same time knob 414 is operating to lock 
support member 480, knob 414 may also be used to drive 
base post 430 upwards in the direction indicated by arrow 
484 to lock the position of mount body 422 relative to mount 
base 421 as described above. In a preferred embodiment, 
base post 430 has a lifting or cam surface 435 which may be 
used to close the position of base post 430 relative to mount 
body 422 so as to lock the position of mount body 422 
relative to mount base 421. Cam surface 435 may be urged 
upwards along axis 482 by urging a Suitable thrust Surface 
in the direction indicated by arrow 483 to engage and lift 
cam Surface 435. The thrust Surface is generally associated 
with knob 414 Such that advancement or translation of knob 
414 along threaded section 453 of pull pin 450 causes cam 
Surface 435 to move up or down in relation to the position 
of the mating Surface. 
0107 The thrust surface may be integral with guide 
housing 416 of knob 414 or on a separate element which is 
engaged by knob 414. In a preferred embodiment, cam 
surface 435 is urged upwards by operation of lifter 465 
which slides over pull pin 450, preferably over a non 
threaded or smooth section of pull pin 450. Lifter 465 may 
have a contoured, shaped, radiused, or chamfered thrust 
surface 466 configured to mate with cam surface 435. 

0.108 Guide housing 416 of knob 414 is preferably sized 
to fit within mating guide bore 415 of mount body 422. As 
knob 414 is tightened, and internal threaded portion 418 is 
urged along threaded section 453 of pull pin 450, guide 
housing 416 pushes lifter 465 in the direction indicated by 
arrow 483, thus engaging cam Surface 435 with mating 
surface 466 causing base post 430 to move upwardly 
towards mount body 422 and socket 440 in the direction 
indicated by arrow 484. As with the other articulating joints, 
tightening knob 414 proportionally increases the frictional 
forces at the socket 440 ball 429 and spherical end 432/ 
mating Surface 447 interfaces until they become functionally 
locked against relative motion. Compression Spring 460 may 
be provided to pre-load the mechanism So that a minimum 
amount of frictional forces can be more easily maintained. 

0109 The instrument mount assembly of tissue stabilizer 
assembly 400 may be secured to any suitable stable Support 
and is preferably constructed to cooperatively attach to a 
Sternal or rib retractor having a rail Structure as described 
above with reference to FIGS. 4 and 5. In a preferred 
embodiment, hinge member 412 having rail grip 472 is 
pivotally mounted to base 421 by way of pins or the like at 
hinge mount 462. Cam member 445 may be rotated about 
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cam guide 438 using base lever 410 causing hinge member 
412 to urge rail grip 472 towards rail grip 471 on mount base 
421, thus facilitating instrument mount 400 to be secured to 
a rail or other Suitable structural component. 
0110. A stabilizer foot adapted to engage the surface of 
the beating heart, preferably using negative pressure, fric 
tion, or both, may be connected to the distal end of Support 
member 480 in any manner which provides the necessary 
degrees of freedom and range of motion to allow the 
Stabilizer foot to be positioned as required by the contem 
plated procedure. In one embodiment, a Stabilizer foot 
having a ball member associated therewith may be releas 
ably attached to support member 480 in the manner 
described above with reference to FIG. 7. 

0111 Another distal connection for operably connecting 
a Stabilizer foot having a ball member to a Support member 
is illustrated in FIGS. 10-12. Stabilizer foot 225 preferably 
has ball 365 extending from post 366 which is in turn 
Securely attached to raised base portion 226. Distal connec 
tion 375 preferably allows free rotation of stabilizer foot 225 
when in an unlocked State and effectively inhibits or pre 
vents motion between ball 365 and distal connection 375 
when in a locked State. 

0112) In a preferred embodiment, distal connection 375 
includes housing 350, which has a spherical shaped cavity or 
socket 354 for receiving a mating ball shaped portion of the 
last ball and socket link of Support member 480, and a clamp 
member 355 moveably disposed relative to housing 350. 
Ball 365 is disposed within a cavity or bore 359 within the 
distal end of clamp member 355 and is engaged by a 
narrowed portion 352 which may be one or more protrusions 
or Surfaces that are angled, frustoconical, Spherical, or like 
shaped to Securely engage a portion of the bottom half of 
ball 365. The upper portion of ball 365 abutts a portion of 
housing 350, or a component fixed relative to housing 350, 
such that relative movement of clamp member 355 in a first 
direction tends to urge ball 365 against the abutting portion 
or component of housing 350 to frictionally lock ball 365 
between narrowed portion 352 of clamp member 355 and 
housing 350. 
0113. In a preferred embodiment, housing 350 has a main 
body 351 having main bore 353 extending therethrough. 
Main bore 353 is sized and configured to slidingly receive 
body 356 of clamp member 355. Main bore 353 and body 
356 are preferably generally cylindrical, although other 
shapes and configurations which allow clamp member 355 
to controllably slide relative to housing 350 are suitable. 
0114. The abutting portion or fixed component of hous 
ing 350 into which ball 365 is urged by operation of clamp 
member 355 may be of any suitable extension of housing 
350 or other configuration that provides the necessary Sup 
port to allow the ball to become frictionally locked in place. 
In a preferred embodiment, clamp member 355 has a central 
passage or bore 359 into which compression column 374 
may be disposed. The distal end 373 of compression column 
374 is adapted to frictionally engage a portion of the top half 
of ball 365 and preferably has a concave shape that is 
generally conical or spherical. The distal end 373 may 
optionally include a textured, rubberized, or like portion to 
enhance friction and thus improve locking. 
0115 Movement of compression column 374 relative to 
housing 350 may be limited or eliminated by way of locking 
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pin 370 which is preferably secured within transverse mat 
ing holes 372 of housing 350 by any suitable technique 
including mechanical threads, adhesives, welding, heat Stak 
ing, or interference fit. Locking pin 370 passes through 
passageways or holes 357 which are sufficiently oversized 
relative to the pin to allow clamp member 355 to translate 
relative to housing 350 without interference from locking 
pin 370. 

0116 Ball365 may be positionally locked between clamp 
member 355 and compression column 374 by urging clamp 
member 355 towards compression column 374 in any con 
venient manner. Preferably, a distal end of cable or wire 360 
is attached to clamp member 355 which may be tensioned to 
lock ball 365. Cable 360 is preferably routed through a 
plurality of ball and Socket links which make up all or a 
portion of a support member as described above. When 
cable 360 is tensioned, both ball 365 and the links of the 
Support member become frictionally locked against further 
relative movement. Cable or wire 360 may is preferably 
attached to clamp member 355 using a crimping process or 
other suitable technique or fastener. Cable 360 may include 
a enlarged or collar portion 362 which may crimped into 
place within central bore 359 of clamp member 355. 
0117. In some instances, acceptable maneuverability may 
be achieved with a distal connection having only a rotational 
degree of freedom at the connection to the Stabilizer foot and 
relying on the degrees of freedom provided by links 290 of 
support member 480. In a preferred embodiment illustrated 
in FIGS. 13 and 14, stabilizer foot 325 is provided with 
pivot boss 495. Pivot boss 495 preferably has a generally 
cylindrical outer surface about which stabilizer foot 325 may 
pivot when mated with cooperating cylindrical pivot Surface 
488 on distal link 485. Distal link 485 has spherical socket 
489 adapted to mate with the ball end of link 290 of Support 
member 480. Pivot boss 495 may be connected to base 
portion 226 of stabilizer foot 325 by way or a post member, 
rib, or web 496 connected to and extending from base 
portion 226. 

0118. The distal end of cable 486 is preferably connected 
to stabilizer foot 325 in a manner which will not cause the 
cable to bend or bind excessively as pivot boss 495 of 
stabilizer foot 325 rotates within mating surface 488 of link 
485. In a preferred embodiment, the distal end of cable 486 
is routed through central passage or hole 487 and connected 
to stabilizer foot 325 using end connector 490 having a cable 
connecting portion 491 which facilitates a crimped or 
Swaged connection to cable 486. End connector 490 may fit 
within an interrupted portion or slot 493 to rotate about pin 
497 through hole 492. Pin 497 may be fixedly secured within 
holes 498 within pivot boss 495. 

0119) This connection allows stabilizer foot 325 to be 
rotationally articulated about pivot boss 495 over a wide 
range of motion. Additional articulation of Stabilizer foot 
325 is limited to those degrees of freedom and range of 
motion provided by the ball and Socket joints formed along 
the multiple links of Support member 480. If desired, one or 
more additional degrees of freedom may be provided having 
an extended range of motion over the basic ball and Socket 
joints provided by links 290 of support member 480. FIGS. 
15-17 illustrate a distal connection to a stabilizer foot which 
provides an additional degree of rotational freedom over the 
Single rotational joint of the prior embodiment. 
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0120) The distal connection is shown in cross-section in 
FIG. 15. Stabilizer foot 535 again has pivot boss 495 having 
at least one cylindrical outer Surface for rotating with a 
cooperating mating Surface and an interruption or slot in 
which end connector 490 may be secured in the manner 
described above, preferably to a raised base portion 536. In 
a preferred embodiment, pivot boss 495 is connected to link 
290 of support member 480 by way of first and second distal 
links 505 and 515. Preferably, pivot boss 495 and second 
distal link 515 are cooperatively engaged to provide a first 
rotational degree of freedom about a first axis and Second 
distal link 515 and first distal link 505 are cooperatively 
engage to form a Second rotational degree of freedom about 
a Second axis. The first and Second axes are preferably 
Substantially perpendicular, but could be at any desired 
angle depending on the articulation desired for Stabilizer 
foot 535 relative to support member 480. 
0121 A preferred second distal link is illustrated in FIG. 
16. Second distal link 515 has a cylindrical pivot surface 518 
adapted to receive pivot boss 495, forming a rotational joint 
about axis 526 as indicated by arrow 528. Second distal link 
515 also has an arcuate upper profile 516 which is preferably 
adapted to engage mating arcuate channel 509 of first distal 
link 505. Arcuate channel 509 is adapted to slide along 
arcuate profile 516 generally about axis 527 as indicated by 
arrow 529. Second distal link 509 preferably has sides 522 
which may be securely captured within arcuate channel 509. 
The configuration of second distal link 515 provides suffi 
cient contact area for Secure frictional engagement yet has a 
relatively thin width which does not impinge outward 
towards the Surgical working area above first and Second 
contact members 537 and 538. 

0.122 Cable 486 is routed through openings 293 of mul 
tiple links 290, through central opening 508 of first distal 
link 505, through second distal link 515 and rotatably 
secured at the center of pivot boss 495 using a pin or the like. 
Second distal link has a slot or channel 520 to provide 
clearance for cable 486 as first distal link 505 is articulated 
relative to second distal link 515. An articulate position of 
first distal link 505 relative to second distal link 515 is 
illustrated in FIG. 17. As with the previous embodiments, 
each of the articulating joints along cable 486 may be 
frictionally locked by applying an appropriate tension to 
cable 486. 

0123 Regardless of the particular configuration of the 
Stabilizer foot and the distal connection used to Secure the 
stabilizer foot to the support member 480, the method of 
using the tissue stabilizer assembly 400 is essentially the 
Same. An access opening is created to provide access to the 
tissue structure to be Stabilized. Preferably, the acceSS open 
ing is created through the Sternum using a Sternal retractor 
having opposing blades, at least one or which having a rail 
member, Such as rail 60. 
0.124. Next, tissue stabilizer assembly 400 may be 
brought to engage rail 60. Rail grips 471 and 472 of tissue 
Stabilizer assembly 400 are positioned to loosely engage rail 
60. Tissue stabilizer assembly 400 may be traversed along 
rail 60 to a desired position, where rail grips 471 and 472 
may be caused to frictionally lock or grip rail 60, preferably 
by rotating hinge member 412 using cam member 445. 
0.125 Stabilizer foot 325 may be positioned at the target 
site, preferably with contact members 227 and 228 on each 

Feb. 12, 2004 

Side of a target coronary artery on the Surface of the beating 
heart. To optimize access to the Surgical Site, the position of 
support member 480 may be adjusted if desired by articu 
lating links 290 or by articulation mount body 422 relative 
to mount base 421. Stabilizer foot 325 may then be manually 
engaged with the Surface of the heart as desired to effectuate 
the desired Stabilization. This may involve manually apply 
ing a desired amount of manual compression or, if the 
Stabilizer foot So constructed, it may involve engaging the 
Surface of the heart using negative pressure, adhesive tape, 
or other Suitable instrumentality. 
0.126 With the stabilizer foot in place and engaged as 
desired, knob 414 may be rotated in the appropriate direction 
to mechanically or frictionally lock both the in-line articu 
lating joints provided along cable 486 as well as the articu 
lating joint or joints provided between mount body 422 and 
the Stable Support, in this case retractor rail 60. If the Surgical 
Site is Sufficiently Stabilized, the Surgical procedure can be 
performed. 

0127. For greater stabilization, stabilizer foot 325 may 
optionally have additional connections for Securing addi 
tional support members, such posts 129 as described with 
reference to stabilizer foot 125 or balls 232 and 234 as 
described above with reference to stabilizer foot 225. In that 
case, one or more additional Support members, preferably 
having mount assemblies adapted to be Secured to rail 60, 
may be further attached to the Stabilizer foot, adjusted as 
necessary and locked in place to further minimize motion at 
the target Surgical Site. 

0128. While certain embodiments are illustrated in the 
drawings and described herein, it will be apparent to those 
skilled in the art that many modifications can be made to the 
embodiments without departing from the inventive concepts 
herein described. For purposes of illustration only, the 
principles of the present invention has been primarily 
described with reference to Stabilizing a beating heart during 
a coronary artery bypass procedure but may readily be 
applied to other types Surgical procedures not specifically 
described. Many other uses are well-known in the art, and 
the concepts described herein are equally applicable to those 
other uses. Further, it is contemplated that the different 
components of the various exemplar embodiments described 
above can be combined to achieve any desirable construc 
tion. Accordingly, the invention is not to be restricted except 
by the claims which follow. 
What is claimed is: 

1. An apparatus for Stabilizing a portion of a patient's 
heart comprising: 

a Stabilizer foot adapted to engage the Surface of the heart; 
a first Support member having a distal end connected to 

Said Stabilizer foot at a first distal articulating joint and 
a proximal end connected to a stable Support at a first 
proximal articulating joint; and 

a Second Support member having a distal end connected to 
a Second distal articulating joint and a proximal end 
connected to a Stable Support at a Second proximal 
articulating joint. 

2. The apparatus of claim 1 wherein Said Stable Support is 
a retractOr. 

3. The apparatus of claim 1 wherein Said first Support 
member comprises a distal link, a proximal link, and a 
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plurality of interconnecting links therebetween, each of Said 
interconnecting links having a ball-shaped end and a Socket 
shaped end, Said ball-shaped ends of Said interconnecting 
links being cooperatively engaged with Said Socket-shaped 
ends of adjacent interconnecting links thereby forming 
articulating ball joints between adjacent interconnecting 
linkS. 

4. The apparatus of claim 3 wherein each of Said inter 
connecting linkS has a central hole and Said first Support 
member further comprises a cable having a distal end 
connected to Said distal link and a proximal end, Said cable 
routed through Said central holes in Said interconnecting 
links, whereby applying a tensile force to Said proximal end 
of Said cable frictionally lockS Said articulating ball joints 
between adjacent interconnecting linkS. 

5. The apparatus of claim 4 wherein Said first Support 
member has a length of greater than about 6.5 inches and an 
average diameter of less than about 0.5 inches. 

6. The apparatus of claim 5 wherein Said length of Said 
first support member is between about 7.0 inches and about 
9.0 inches. 

7. The apparatus of claim 2 wherein said first distal 
articulating joint is a ball and Socket joint. 

8. The apparatus of claim 7 wherein said second distal 
articulating joint is a rotational joint. 

9. The apparatus of claim 1 further comprising a third 
Support member having a distal end connected to a third 
distal articulating joint and a proximal end connected to a 
Stable Support at a third proximal articulating joint. 

10. The apparatus of claim 1 wherein Said Stabilizer foot 
has at least one textured contact Surface adapted to friction 
ally engage the Surface of the heart. 

11. The apparatus of claim 10 wherein said stabilizer foot 
has a first contact Surface and Second contact Surface, Said 
Second contact Surface being Spaced apart from and oriented 
Substantially parallel to Said first contact Surface. 

12. The apparatus of claim 11 wherein said stabilizer foot 
has a first post extending above Said first contact Surface and 
a Second post extending from Said Second contact Surface. 

13. The apparatus of claim 12 further comprising a third 
Support member having a distal end connected to Said first 
post and a fourth Support member having a distal end 
connected to Said Second post. 

14. The apparatus of claim 13 wherein said third support 
member has a proximal end connected to Said Stable Support 
at a third proximal articulating joint and Said fourth Support 
member has a proximal end connected to Said Stable Support 
at a fourth articulating joint. 

15. The apparatus of claim 1 wherein said stabilizer foot 
is adapted to engage the Surface of the heart using negative 
preSSure. 

16. An apparatus for Stabilizing a portion of a patient's 
heart comprising: 

a retractor having opposing retractor blades for engaging 
opposite sides of an acceSS incision; 

a mount base operably connected to Said retractor; 
a mount body connected to Said mount base at a first 

articulating joint along a first axis, 
a multiple link Support member having a proximal end 

and a distal end, Said proximal end operably connected 
to Said mount body along a Second axis, 
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a Stabilizer foot operably connected to Said distal end and 
adapted to engage the Surface of the heart. 

17. The apparatus of claim 16 wherein said first axis is at 
an angle relative to Said Second axis, Said angle being 
between about 120 degrees and about 45 degrees. 

18. The apparatus of claim 17 wherein said angle is about 
90 degrees. 

19. The apparatus of claim 16 wherein said retractor blade 
further comprises a rail and Said mount base is adapted to 
engage Said retractor blade along Said rail. 

20. The apparatus of claim 19 wherein said rail has first 
and Second rail tabs extending therefrom and Said mount 
base has first and Second channels sized to engage Said rail 
tabs. 

21. The apparatus of claim 20 wherein Said Second 
channel is moveable relative to Said first channel Such that 
Said first and Second channels slidably engage Said rail tabs 
when said Second channel is in a first position and Said 
channels frictionally grip said rail tabs when said Second 
channel is in a Second position. 

22. The apparatus of claim 16 wherein Said multiple link 
Support member comprises a distal link, a proximal link, and 
a plurality of interconnecting links therebetween, each of 
Said interconnecting links having a ball-shaped end and a 
Socket-shaped end, Said ball-shaped ends of Said intercon 
necting links being cooperatively engaged with Said Socket 
shaped ends of adjacent interconnecting links thereby form 
ing articulating ball joints between adjacent interconnecting 
linkS. 

23. The apparatus of claim 22 wherein said stabilizer foot 
has a ball-shaped member extending therefrom and wherein 
Said distal link has a mating cavity adapted to receive Said 
ball-shaped member. 

24. An apparatus for Stabilizing a portion of a patient's 
heart comprising: 

a Stabilizer foot adapted to engage the Surface of the 
beating heart, Said Stabilizer foot having a ball-shaped 
member and a post connecting Said ball-shaped mem 
ber to said stabilizer foot; 

a Support member having a proximal end link, a distal end 
link, and a plurality of center links arranged end-to-end 
therebetween; Said Support member having a cable 
extending through said plurality of links, Said cable 
having a proximal end and a distal end; 

Said distal end link comprising a first member and a 
Second member having at least first and Second flexible 
portions defining a cavity therebetween for receiving 
Said ball-shaped member, Said first member having a 
bearing Surface adapted to engage at least a portion of 
Said Second member to urge Said first and Second 
flexible portions together against Said ball. 

25. The apparatus of claim 24 wherein said first member 
has a bore adapted to receive at least a portion of Said Second 
member and Said distal end of Said cable being attached to 
Said Second member, Said first and Second flexible portions 
engaged by Said bearing Surface as Said Second member is 
pulled in a first direction towards said first member by 
operation of Said cable. 

26. The apparatus of claim 24 wherein Said bearing 
Surface is a frustoconical. 

27. The apparatus of claim 24 wherein said proximal end 
is attached to a stable Support. 
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28. The apparatus of claim 24 further comprising: 
a retractor having opposing retractor blades for engaging 

opposite sides of an acceSS incision; 
a mount base operably connected to Said retractor; 
a mount body connected to Said mount base at a first 

articulating joint along a first axis, Said proximal end 
link being connected to Said mount body along a 
Second axis. 

29. The apparatus of claim 28 wherein said first axis is 
angled relative to Said Second axis, Said angle being between 
about 120 degrees and about 45 degrees. 

30. A method for stabilizing a portion of a patient's heart 
comprising the Steps of: 

creating an access opening into the thoracic cavity; 
providing a Stabilizer device having a Stabilizer foot 

operably connected to a Support member, Said Support 
member having a flexible condition and a relatively 
rigid condition; 

with Said Support member in the flexible condition, posi 
tioning the Stabilizer foot to engage the Surface of the 
heart adjacent a coronary artery; 
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causing Said Support member to assume the relatively 
rigid condition to thereby resist movement of Said 
stabilizer foot; 

providing at least one additional Support member having 
a distal end, Said at least one additional Support member 
having a flexible condition and a relatively rigid con 
dition; 

attaching Said distal end to Said Stabilizer foot; and 

causing Said at least one additional Support member to 
assume the relatively rigid condition to thereby pro 
viding additional resistance against movement of Said 
stabilizer foot. 

31. The method of claim 30 wherein said access opening 
is created using a retractor 

32. The method of claim 31 further comprising the steps 
of attaching Said Support member to Said retractor and 
attaching Said at least one additional Support member to Said 
retractOr. 


