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ABSTRACT 

Stabilization devices, Systems and methods for Stabilizing 
tissue to perform a Surgical operation while the heart of the 
patient continues to beat. 
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SURGICAL INSTRUMENTS FOR STABILIZING A 
LOCALIZED PORTION OF A BEATING HEART 

FIELD OF THE INVENTION 

0001) The present invention relates generally to Surgical 
instruments, and more particularly to Surgical instruments 
useful for stabilizing a portion of a beating heart during 
coronary Surgery. 

BACKGROUND OF THE INVENTION 

0002) Surgeries to treat heart disease, and particularly 
narrowing and/or blockages in the coronary arteries that 
supply oxygen and nutrients to the heart, are increasing in 
numbers due to the aging of the population in America and 
other developed nations, as well as the diets in Such nations 
and a variety of other factors. Classical open heart Surgery 
techniques have been performed to bypass coronary artery 
blockages, often by rerouting the blood flow around the 
blockage, using a graft, such as from the Saphenous vein. 
Another technique involves Supplying blood to a location 
downstream of a blockage by anastomosing another artery to 
the coronary artery, e.g. a mammary artery. 
0003) These techniques have traditionally been per 
formed only after stopping the beating of the heart, and 
connecting the patient's circulatory System to a heart-lung 
bypass machine, which Supplies the patient with the needed 
circulatory and oxygenation functions while the heart is 
stopped and the Surgeries are being performed. All during 
this process, blood flow into the chambers of the heart is 
bypassed. Various post-procedure side effects have been 
associated with the use of the bypass machine, Some of 
which can be severe. For example, the mechanical damage 
to the blood tissues that results from the pumping action of 
the bypass machine has been associated with increased risks 
of postoperative embolisms and stroke. To alleviate the 
increased postoperative risks associated with bypass Sur 
gery, beating heart Surgeries are becoming increasingly 
prevalent, in which the heart beat is not stopped, but 
maintains the circulatory flow of blood, oxygen and nutri 
ents throughout the Surgery. A bypass machine is not used. 
0004 Methods and apparatus for performing a coronary 
artery bypass graft (CABG) procedure on the beating hear 
are described in U.S. Pat. Nos. 5,894,843 and 5,727,569 to 
Benetti et al., the entireties of which are herein incorporated 
by reference thereto. In a typical CABG procedure, a 
blocked or restricted portion of a coronary artery, which 
normally supplies blood to Some 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 block 
age or restriction. This procedure requires a Surgeon to 
create a fluid connection, or anastomosis, between the 
source or graft vessel and an arteriotomy or incision in the 
coronary artery. The formation of an anastomosis between 
two such vessels is a particularly delicate procedure, which 
requires precise placement of Sutures in the tissue Surround 
ing the arteriotomy and the Source or graft vessel. An 
anastomosis between vessels of these dimensions is tedious 
during a stopped-heart procedure, but during a beating heart 
procedure it is markedly even more difficult. 
0005. As could be expected, it is very important that the 
target site for the anastomosis be stabilized to remain 
substantially motionless, even while the remainder of the 
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heart tissue remains beating all around the target site. To this 
end, a number of devices have been developed which are 
directed to stabilizing a target site on the beating heart for the 
purpose of completing a cardiac Surgical procedure, Such as 
completing an anastomosis. Representative devices useful 
for stabilizing a beating heart are described, for example, in 
U.S. Pat. Nos. 5,894,843; 5,727,569; 5,836,311 and 5,865, 
730. 

0006) As beating heart procedures have evolved, new 
challenges have arisen in the design and engineering of the 
stabilization devices. The heart is typically accessed by Way 
of a surgical incision such as a sternotomy or a thoracotomy. 
Such an incision, even with the use of one or more retractorS 
leaves only a limited opening space within which to perform 
the surgical procedures. Often one ore more of the blocked 
or restricted arteries are located a good distance away from 
the access incision, requiring the stabilization device to 
traverse a longer and more tortuous path than if the artery 
were located so as to be directly exposed to the access 
incision. Also, distant locations can be such that the Stabi 
lization device must engage the Surface of the heart at 
difficult angular relationships or orientations. Under the 
most severe conditions, devices which operate to provide a 
mechanical force to stabilize the beating heart can encounter 
difficulty maintaining mechanical traction against the Sur 
face of the heart if they are not sufficiently maneuverable, 
and devices which utilize Suction or vacuum to engage the 
heart can have a difficult time maintaining a vacuum Seal 
against the heart tissue for the Same reason. 
0007 Even a device that is extremely maneuverable so as 
to be able to place the stabilizing portion of the device at 
many locations on the heart may not have a Sufficiently Small 
size of low profile to be an effective device. Since the 
working space provided by the incision opening is quite 
limited, it is desirable to make the stabilization device as 
small and low profile as possible to maintain maximum 
working space, as well as visibility for the Surgeon. 
0008. In view of the foregoing, it would be desirable to 
have methods and devices for Stabilizing the beating heart 
that improve upon the maneuverability of the existing 
devices while maintaining or decreasing the amount of Space 
that is occupied thereby, to provide the Surgeon with more 
working space, better visibility and to make the overall 
procedure easier by making the operation of the Stabilization 
device easier and more effective. 

SUMMARY OF THE INVENTION 

0009. The present invention will be primarily described 
for use in stabilizing the beating heart during a Surgical 
procedure, but the invention is not limited thereto, and may 
be used in other Surgical procedures. Described herein is a 
stabilization system including a tissue contact member hav 
ing a surface adapted to contact the tissue and temporarily 
maintain the tissue in a relatively immobilized State; and a 
maneuverable arm attached to the tissue contact member, 
which includes at least one articulating joint formed by a 
link having a male articulating Surface composed of angled 
teeth and a female articulating Surface having angled 
trenches adapted to receive the angled teeth. This type of 
articulating joint moves in one degree of freedom directed 
by the angled teeth sliding against the angled trenches. 
0010. In an example described, the maneuverable arm 
comprises a plurality of the above-described articulating 
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joints. Further, one or more rotational joints may be pro 
Vided, each formed by a link having a male articulating 
Surface and a link having a female articulating Surface, 
which are positioned for relative rotation in a plane perpen 
dicular to a longitudinal axis of the maneuverable arm. The 
rotational joints, together with the articulating joints impart 
maneuverability in three dimensions to the maneuverable 
a. 

0011. In an example described, a first rotational joint is 
provided intermediate the articulating joints and a Second 
rotational joint is positioned at or near a proximal end of the 
maneuverable arm. 

0012. A low profile mount is provided which is connected 
at a proximal end portion of the maneuverable arm. The 
mount includes a first mount portion and a Second mount 
portion, which is pivotally connected to the first mount 
portion. The first mount portion may be integral with a male 
or female articulating Surface of a rotational joint that it then 
forms a part of at the proximal end of the maneuverable arm. 
The Second mount portion is pivotal away from the first 
mount portion to position the mount over a fixed object, or 
to release the mount from the fixed object. The mount 
portion also allows the Stablization System to be slid along 
a rail on a fixed object to which it is mounted. The second 
mount portion is pivotable toward the first mount portion to 
fix the mount on the fixed object. 
0013 The mount may further comprise a locking mecha 
nism adapted to lock the second mount portion to the first 
mount portion in a closed position upon pivoting the Second 
mount portion toward the first mount portion. The closed 
position is configured to lock the mount on the fixed object. 
The fixed object may be a Sternal retractor, for example, or 
other object, which is Stationary relative to the moving 
tissue. The mount portions may each further include a rail 
grip adapted to engage one Side of a rail on a Sternal 
retractor. The locking mechanism may include a living hinge 
formed in one of the first and Second mount portions and a 
pin extending transversely on the other of the first and 
Second mount portions, the pin being adapted to Snap fit into 
the living hinge. 
0.014) A cable passes internally through each of the 
articulating joints, rotational joints and mount of the device. 
The cable is further attached to a tensioning mechanism 
proximally of the mount. The tensioning mechanism may 
include a Screw mechanism and a knob. The Screw mecha 
nism has a first threaded component having a first Set of 
threads and a Second threaded component having a Second 
set of threads adapted to mate with the first set of threads. 
The first threaded component is fixed to the cable and the 
knob is adapted to torque the Second threaded component 
with respect to the first threaded component. The screw 
mechanism is adapted to lock the first and Second mount 
portions together in the closed position, to Securely lock the 
Stabilization System on the rail on which it is mounted. 
0.015 The second threaded component may include a 
torque limiter having a unidirectional Slip clutch, which is 
engageable with the knob. The knob positively engages the 
torque limiter for unthreading the Second Set of threads from 
the first Set of threads, and positively engages the torque 
limiter for threading the second set of threads on the first set 
of threads until a predetermined amount of torque is required 
to further tension the cable. Upon reaching the predeter 
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mined amount of torque during threading, the torque limiter 
Slips with respect to the knob. 
0016. The slip clutch may include at least one fin extend 
ing from an outer Surface of the Second threaded member at 
an angle to a line normal to a tangent line passing through 
the location from which the fin extends. Each fin is adapted 
to engage a groove formed in an inner Surface of the knob. 
0017. The cable includes a stop member fixed to a distal 
end thereof, Such that, upon applying tension to the cable 
with the tensioning member, the Stop member and the 
tensioning member apply a compressive force to the articu 
lating joints and rotational joints, thereby locking every joint 
into an assumed orientation. 

0018. A coupling mechanism which links the stop mem 
ber to the tissue contact member, thereby also linking the 
maneuverable arm to the tissue contact member, is further 
provided. The coupling member is adapted to lock the tissue 
contact member in an assumed position when the cable is 
placed under a Sufficient tension to lock the maneuverable 
a. 

0019. The coupling mechanism may include a ball mem 
ber fixed to the tissue contact member and a Socket member 
rotatably joined with the Stop member and adapted to 
receive the ball member to form a ball joint. The Socket 
member may further include a slot through a side wall 
thereof, which terminates in an enlarged opening dimen 
Sioned to permit the ball member to pass therethrough. The 
coupling mechanism may further include a coupling link 
having arms adapted to lock with the Socket member, and an 
upper abutment Surface adapted to abut the Stop member. A 
Second coupling link having driving Surfaces adapted to 
contact a distal most link of a distal most articulating joint 
of the maneuverable arm may also be provided. The second 
coupling link further includes a lower abutment Surface 
adapted to abut an upper portion of the ball member, 
wherein, upon tensioning of the cable, the Stop member 
draws the first coupling link and the Socket member in a 
proximal direction, whereby the Socket member compresses 
the ball member against the lower abutment Surface. 
0020 Optionally, a flexible sleeve positioned over the 
articulating joints and the rotational joints of the maneuver 
able arm. The flexible sleeve may comprise an elastomer, 
such as silicone or dip molded PVC, for example. Prefer 
ably, the flexible sleeve comprises a material having a four 
or six way stretch, such as LYCRA or SPANDEX, for 
example. 

0021. The tissue contact member is rotatable in three 
degrees of freedom with respect to the distal end of the 
maneuverable arm. The tissue contact member may be 
locked with respect to the maneuverable arm in Virtually any 
position to which the tissue contact member may be maneu 
Vered when in an unlocked State. The locking mechanism 
Simultaneously locks the maneuverable arm in Virtually any 
position to which the maneuverable arm may be maneuvered 
when in an unlocked State. 

0022. The tissue contact member may include a pair of 
feet extending Substantially parallel to one another and 
adapted to Straddle a target Site on the tissue. The pair of feet 
may extend from a common base portion and the common 
base portion may be angled away from a plane in which the 
feet Substantially extend. Other tissue contact members 
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described herein may be incorporated into the System as 
described herein. A large variety of tissue contact members 
may be adapted for use in the Stabilizer of the present 
invention by providing each with a ball member extending 
therefrom which is adapted to form a ball joint at the distal 
end of the maneuverable arm. 

0023 Tissue contact members which employ negative 
preSSure to aid in the Stabilizing function may also be 
utilized, in one example, each contact member or foot of the 
tissue contact member includes a thin compliant Seal extend 
ing around a perimeter of a bottom Surface thereof. Each 
compliant Seal may have a tapering thickness, wherein the 
thickneSS is greater adjacent the bottom Surface of the foot 
and tapers thinner in a direction extending away from the 
bottom Surface. The compliant Seal may have a tapering 
length, forming a variable Seal, wherein the length measures 
a distance that the Seal extends away from the bottom 
Surface. The Seal may have a greater length near the proxi 
mal end of the foot than near the distal end of the foot. The 
tissue contact members, whether employing negative pres 
Sure or not are Substantially rigid, as described herein, 
although malleable contact members may also be employed. 
0024. In one example of a tissue contact member that 
employs negative pressure, the tissue contact member 
includes a manifold base interconnected with a pair of feet. 
The manifold base is substantially hollow and has a pair of 
fittings extending therefrom, on which the feet are mounted. 
Each foot is independently rotatable about the respective 
fitting, with respect to the manifold base. Each foot has a 
hollow interior defining a vacuum chamber, with each 
Vacuum chamber having a first opening adapted to engage at 
least a portion of the tissue and a Second opening fluidly 
coupled with an opening through the respective fitting 
extending from the manifold base. 
0.025. Each vacuum chamber may further include chan 
nels formed on an upper interior Surface of the foot. The 
channels may be aligned Substantially parallel to one another 
and extend in a direction from the proximal end to the distal 
end of the foot. A deep channel may be formed near the 
distal end of each foot, to fluidly communicate with the 
opening through the respective fitting. 
0026. Each foot may have an asymmetrical transverse 
croSS-Section. A porous filter may be provided to cover at 
least a portion of the channels in each vacuum chamber. The 
porous filter may be integrally molded with the thin com 
pliant Seal on each foot. Each Seal may be provided with one 
or more grooves to further enhance the flexibility thereof. 
0027. A rotatable fitting may be mounted to the manifold 
base, thereby providing a rotational connection between a 
Vacuum line and the manifold base adapted to Snap fit over 
Said third fitting, Said rotatable fitting further comprising an 
inlet tube configured for connecting with a vacuum line, 
whereby the vacuum line is rotatably mounted to said 
manifold base. 

0028. Other novel tissue contact members are also 
described herein, including one having a pair of feet com 
prising an extremely low profile Structural member and a 
thin compliant Seal extending from a bottom perimeter of the 
Structural member. 

0029. A tensioning mechanism for applying tension to a 
cable passing through a maneuverable Surgical instrument is 
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described as comprising a Screw mechanism and a knob. 
Alternatively, a one-step lock mechanism may be employed 
that uses a coarser thread, or camming Surfaces to lock/ 
unlock the mechanism with a single partial turn. The Screw 
mechanism has a first threaded component having a first Set 
of threads and a Second threaded component having a 
second set of threads adapted to mate with the first set of 
threads. The first threaded is fixed to the cable and the knob 
is adapted to torque the Second threaded component with 
respect to the first threaded component. 
0030 The second threaded component may include a 
torque limiter, which may include a unidirectional Slip 
clutch engaging that engages the knob up to a predetermined 
torque level and then slips with respect thereto, thereafter. 
0031. A device for providing additional stabilization to 
tissue already in contact with a primary Stabilization mem 
ber is disclosed which includes at least one tissue contact 
member adapted to be placed on the tissue in an area 
bounded by primary tissue contact members, and a connect 
ing member extending from the at least one tissue contact 
member and adapted to be hand held or fixed to a relatively 
immovable object. The device is also included with a 
primary Stabilization device in a Stabilization System. 
0032. A method of stabilizing tissue at a location of a 
target Site at which an operative procedure is to be per 
formed is described to include contacting the tissue in the 
vicinity of the location with a primary Stabilizing instrument 
to stabilize the general vicinity of the location; and contact 
ing the tissue in a location between the location where the 
primary Stabilizing instrument contacts the tissue and the 
target Site, to further Stabilize the target Site. 
0033. The method may further include fixing each of the 
primary and Second Stabilizing instrument to the Same or 
different relatively immovable objects after tissue contact 
has been established. The Secondary Stabilizing instrument 
may alternatively be fixed to the primary Stabilizing instru 
ment or hand held. 

0034. These and other objects, advantages, and features 
of the invention will become apparent to those perSons 
skilled in the art upon reading the details of the instruments 
and methods as more fully described below. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

0035 FIG. 1 is a perspective view illustrating an 
example of a Stabilizing instrument mounted to a rail of a 
retractor arm according to the present invention. 
0036 FIG. 2 is a perspective view of a retractor system 
including the retractor arms shown in FIG. 1. 
0037 FIG. 3A is an exploded view of the components at 
the distal end of a Stabilizing instrument according to the 
present invention. 
0038 FIG. 3B is an assembled, sectional view of the 
components shown in FIG. 3B, except for the distal most, 
foot component. 
0039 FIG.3C is an exploded view of the components at 
the distal end of a Stabilizing instrument including a slight 
variation of that shown in FIG. 3A. 

0040 FIG. 4 is a partial plan view of a cable having a 
cable fitting mounted thereon, according to the present 
invention. 
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0041 FIG. 4A is a perspective, isolated view of distal 
most articulating link according to the present invention. 
0.042 FIG. 4B is a longitudinal sectional view of the link 
shown in FIG. 4A. 

0.043 FIG. 4C is an enlarged detailed view of the portion 
of the link identified by III in FIG. 4B. 
0044 FIG. 5A is an end view of a distal Surface of an 
adapter link according to the present invention. 
004.5 FIG. 5B is a longitudinal sectional view of the 
adapter link shown in FIG. 5A, taken along line 5B-5B. 
0046 FIG. 5C is a sectional view of the adapter link 
shown in FIG. 5A, taken along line 5C-5C. 
0047 FIG. 6 is a perspective view of an adapter link340 
according to the present invention. 
0.048 FIG. 7A is a perspective view of a link having a 
female articulating Surface for a rotational joint. 
0049 FIG. 7B is a longitudinal sectional view of the link 
shown in FIG. 7A. 

0050 FIG. 8A is a perspective view of a link having a 
male articulating Surface for a rotational joint. 
0051 FIG. 8B is a longitudinal sectional view of the link 
shown in FIG. 8A. 

0.052 FIG. 9A is a perspective view of a distal portion of 
a stabilizer mount according to the present invention. 
0053 FIG. 9B is a bottom view of the distal portion 
shown in FIG. 9A. 

0054 FIG. 9C is a longitudinal sectional view of the 
distal portion shown in FIG. 9A. 
0055 FIG. 10A is a plan view of a proximal portion of 
a Stabilizer mount according to the present invention. 
0056 FIG. 10B is a longitudinal sectional view of the 
proximal portion shown in FIG. 10A, taken along line 
1OB-1OB. 

0057 FIG. 10C is a plan view of a screw member 
according to the present invention. 

0.058 FIG. 10D is an end view of the screw member 
shown in FIG. 10C as viewed from the left in FIG. 10C 

0059 FIG. 10E is a plan view of an anchor according to 
the present invention. 
0060 FIG. 10F is a perspective view of a stabilizer 
device including an optional flexible sleeve according to the 
present invention. 
0061 FIG. 11 is a perspective view of a knob according 
to the present invention. 
0.062 FIG. 12A is a perspective view of a torque member 
according to the present invention. 
0063 FIG. 12B is an end view of the torque member 
shown in FIG. 12A as viewed from the left in FIG. 12A. 

0.064 FIG. 13A is an example of a tissue contact member 
according to the present invention. 

0065 FIG. 13B is a side view of the tissue contact 
member shown in FIG. 13A 

Sep. 2, 2004 

0.066 FIG. 13C is a bottom view of the tissue contact 
member shown in FIG. 13A. 

0067 FIG. 14A is an exploded view of another example 
of a tissue contact member according to the present inven 
tion. 

0068 FIG. 14B is a side, assembled view of the tissue 
contact member shown in FIG. 14A. 

0069 FIG. 14C is a sectional view of a foot or contact 
member of the tissue contact member shown in FIG. 14B, 
taken along line 14C-14C. 
0070 FIG. 14D is a perspective view of a porous elastic 
pad or filter according to the present invention. 
0071 FIG. 14E is a bottom view of a foot or contact 
member of the tissue contact member shown in FIG. 14B. 

0072 FIG. 14F is a sectional view of a foot or contact 
member of the tissue contact member shown in FIG. 14B, 
which is a variation of that shown in FIG. 14C. 

0073 FIG. 14G is a sectional view of a foot or contact 
member of the tissue contact member shown in FIG. 14B, 
which is a variation of that shown in FIG. 14C. 

0074 FIG. 15A is another example of a stabilizing 
device according to the present invention. 
0075 FIG. 15B is a sectional view of the tissue contact 
member shown in FIG. 15A, taken along line 151B-15B. 
0076 FIG. 16A is a partial perspective view of a stabi 
lization System according to the present invention. 

0.077 FIG. 16B is a sectional view of the tissue contact 
members of the stabilization system shown in FIG. 16A, 
taken along line 16B-16B. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0078 Before the present instruments and methods are 
described, it is to be understood that this invention is not 
limited to particular Stabilizers, retractors or other devices 
described, as Such may, of course, vary. It is also to be 
understood that the terminology used herein is for the 
purpose of describing particular embodiments only, and is 
not intended to be limiting, Since the Scope of the present 
invention will be limited only by the appended claims. 
0079 Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the lower limit unless the context clearly dictates otherwise, 
between the upper and lower limit of that range and any 
other Stated or intervening value in that Stated range is 
encompassed within the invention. The upper and lower 
limits of these Smaller ranges may independently be 
included in the Smaller ranges is also encompassed within 
the invention, Subject to any Specifically excluded limit in 
the Stated range. Where the Stated range includes one or both 
of the limits, ranges excluding either both of those included 
limits are also included in the invention. 

0080 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials 
Similar or equivalent to those described herein can also be 
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used in the practice or testing of the present invention, the 
preferred methods and materials are now described. All 
publications mentioned herein are incorporated herein by 
reference to disclose and describe the methods and/or mate 
rials in connection with which the publications are cited. 

0081. It must be noted that as used herein and in the 
appended claims, the Singular forms “a”, “and”, and “the 
include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a joint includes 
a plurality of Such joints and reference to “the trench” 
includes reference to one or more trenches and equivalents 
thereof known to those skilled in the art, and so forth. 

0082 The publications discussed herein are provided 
solely for their disclosure prior to the filing date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. Further, 
the dates of publication provided may be different from the 
actual publication dates which may need to be independently 
confirmed. 

0.083. The instruments and methods of the present inven 
tion may be used for Stabilization of a beating heart during 
a coronary artery bypass graft (CABG) procedure in which 
the bypass of a narrowed or blocked vessel is performed 
without application of cardioplegia to the patient and with 
out cardiopulmonary bypass. The instruments and methods 
enable the contacting of the heart and relative Stabilization 
at and in the Surrounding area of the portion of the heart 
contacted, to make it possible to perform delicate Surgical 
tasks in that area. 

0084. Although the instruments of the present invention 
may be used for Stabilizing tissue in other applications, they 
are most advantageously employed in a CABG procedure in 
combination with a Sternal retractor used to provide an 
opening in the chest for direct access to the heart. While it 
would be apparent to one of ordinary skill in the art that the 
present instruments could be employed Separately from a 
retractor, they are nonetheless adapted to be mounted to a 
retractor to provide a desirable base of stability. However, 
other objects of fixation could be utilized if necessary, as 
known in the art. Further, other types of retractors than a 
Sternal retractor might be employed to achieve access to the 
heart, and Such other retractors (e.g., retractor used in 
thoracotomy, and other rib separators) could also serve as a 
base to which the present instruments could be fixed. 
0085. Further, the instruments of the present invention 
could be advantageously used for their Stabilization capa 
bilities in a stopped heart procedure, including procedures 
employing cardiopulmonary bypass. However, the present 
instruments are particularly advantageous in beating heart 
procedures. Although the present instruments may acceSS 
and Stabilize the beating heart in a number of Surgical 
contexts involving various incisions and Surgical approaches 
to the heart as are known in the art, the instruments described 
herein are most advantageously employed in CABG proce 
dures where the heart is accessed through only one or two 
minimally invasive incisions in the chest. Particularly, meth 
ods involving a Sternal retractor are described. 
0.086 Although the particular source vessel and target 
artery of a Surgical anastomosis performed in a beating heart 
CABG procedure are determined clinically, one common 
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procedure involves an anastomosis which forms a connec 
tion between the left internal mammary artery (LIMA) as the 
Source artery, and the left anterior descending artery (LAD) 
as the target artery. Another common procedure involves 
anastomosing a Saphenous vein graft proximally to the aorta 
and distally to a target artery, post blockage location. The 
anastomosis procedure in either case (as well as in other less 
common varieties of anastomosis procedures) is a delicate 
and exacting procedure which requires the installation of 
very fine Sutures around the entire perimeter of the Source 
vessel or graft to attach it to the target vessel in a manner that 
is Substantially leak-proof, for the immediate commence 
ment of delivery of blood to the heart via the surgically 
altered pathway achieved by the procedure. 
0087. For this reason, effective stabilization of the anas 
tomosis site is paramount if the Surgeon is to effectively 
perform the Suturing task. Also, the working Space Surround 
ing the anastomosis Site is quite limited, and visibility of the 
Site is also extremely important to the Surgeon, who will 
perform the Suturing taskS visually. Thus, instruments 
involved in the procedure should be minimal in size and 
place a premium on being located in areas least likely to 
obstruct the Surgeon's view while performing the procedure, 
while also maintaining Sufficient access Space for the instru 
ments needed in conducting the Suturing and related proce 
dures. The instruments should also be easy to operate and 
effective at Stabilizing a desired area of tissue on the heart. 
Since this desired area may vary, the instruments should be 
extremely maneuverable So as to be versatile for use in 
many, if not all desired target locations on the heart. 
0088. The devices of the present invention involve tissue 
Stabilizers which provide Superior engagement with the 
Surface of the heart. Tissue Stabilizers according to the 
present invention may have one or more Stabilizer feet, 
which are adjustable as to the orientation of their features 
which are used to contact the tissue Surface, e.g., the Surface 
of the heart. Various types of stabilizer feet may be 
employed and are described in detail below. 
0089 Referring to the figures in which like reference 
numerals indicate like elements, an exemplary Stabilizer 10 
is illustrated in FIG. 1 and is shown mounted to a removable 
blade portion 110 of a sternal retractor 100 (FIG. 2). As 
shown in FIGS. 1 and 2, the stabilizer 10 is adapted to be 
mounted to a retractor assembly 100 for performing a 
mid-Sternal Surgical procedure on the beating heart, 
although the present invention is not limited to Such an 
application, as described above. 
0090 Retractor assembly 100 generally includes a pair of 
opposing blades 110 adapted to engage opposite Sides of a 
Sternal incision, or other incision, and a drive mechanism 
112 constructed to force the blades 110 apart, thereby 
driving an opening in the Sternum. Using the drive mecha 
nism 112, the Sternum may thus be spread to the desired 
opening, thus providing the desired access and direct visu 
alization of the thoracic cavity. If desired, the heart may be 
positioned or oriented to best present the target vessels for 
anastomosis. This positioning may be established, for 
example, through the Strategic placement and tensioning of 
Sutures in the pericardial Sac, by appropriately placing the 
patient in the Trendlenburg position, or by using a heart 
positioner including a Strap or pad or other device, Such as 
a Guidant XPOSETM device, available from Guidant Corp., 
Cupertino, Calif., for example. 
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0091. Once the target vessel is in the desired position, the 
stabilizer assembly 10, having been mounted to the retractor 
assembly 100 is manipulated so as to bring at least one 
component of the stabilizer assembly 10 into contact with 
the beating heart adjacent the target Site of the anastomosis. 
The Surgeon typically applies a Stabilizing force to the 
beating heart via the stabilizer assembly 10 until the desired 
Stabilization if attained, and Secures the Stabilizer assembly 
in a fixed orientation to maintain the Stabilizing force against 
the beating heart. 
0092. The positioning and fixation of the stabilizer 
assembly 10 substantially eliminates movement of the heart 
in the area of the anastomosis, thereby facilitating the 
Surgeon's placement of Sutures and related procedural 
requirements in performing the anastomosis (or other Sur 
gical procedure). After the anastomosis has been completed, 
the stabilizer assembly 10 is released to enable it to be 
flexibly moved away from contact with the heart. 
0093. The retractor assembly 100 shown in FIG. 2 may 
be used in mid-Sternotomy procedures, together with a 
Stabilizer assembly 10 according to the present invention, 
but is shown for purposes of example only. AS noted above, 
Stabilizer assemblies according to the present invention may 
be used with other types of retractors, or even without a 
retractor. Retractor assembly 100 includes a drive mecha 
nism 112 to which are mounted a pair of opposing retractor 
blades 110 adapted for insertion into an incision and for 
engaging opposite Sides of the incision. In the example 
shown, retractor blades 110 are removable from the drive 
mechanism 112, although this feature is not required for 
operation with a stabilizer assembly 10 according to the 
present invention. 
0094. When the heart is accessed by way of an incision 
through all or a portion of the Sternum, the opposing blades 
110 may be inserted into the incision and driven apart by 
operation of the drive mechanism 112 to create an opening 
and working Space for operating on the heart. Typically, the 
drive mechanism 112 is constructed to spread the opposing 
blades apart in a generally planar movement, although the 
Separating motion may also have a significant curvilinear or 
angular component in addition. 

0.095 The blades 110 may each have one or more chan 
nels or engaging members 118 adapted to engage opposite 
Sides of an access incision. Different sizes of blades are 
available So as to optimize the engagement of the retractor 
assembly with various sizes and Shapes of Sternums. Acti 
vation of the drive mechanism 112 force apart the first and 
Second platform blades 110 thereby causing engaging mem 
bers 118 to correspondingly force the incision open to 
provide access to the desired Surgical Site. In the example of 
a Sternal approach to the heart, engaging members 118 are 
adapted to engage each side of the incised Sternum to 
reliably hold and engage the Sternum as the Sternum is 
forced open to expose the thoracic cavity and ultimately the 
heart. 

0.096 Although any type of drive mechanism which 
provides the desired Separating action of the blades may be 
Suitable, FIG. 2 shows a ratchet or rack arrangement, as is 
generally known in the art. Rotation of the handle on handle 
assembly 124 facilitates movement of a moveable housing 
124 relative to the bar 115 of the drive mechanism 112, by 
engaging a pinion (not shown, but mounted to the handle) 
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with the rack teeth 111 on the bar 115 in a cogging manner. 
This effectively moves the blade 110, that is attached to or 
mounted on the movable housing 124, toward or away from 
the other blade 110 that is attached to or mounted on a fixed 
housing 121 which does not move relative to the bar 115. 

0097. In addition to engaging members 118, platform 
blades 110 (which may be detachable or integrally formed 
with the drive mechanism 112) may incorporate a wide 
variety of additional features which enhance the perfor 
mance of the retractor System. For example, one or both 
blades may have mounting features to which stabilizer 10, 
and various other instruments used during the procedure, 
can be secured. In the case of the stabilizer 10, it is critical 
to minimize or Substantially eliminate the amount of fleX and 
motion attributable to each component and each connection 
between each component, from the component which 
engages the beating heart to the component which provides 
the Sternal attachment. To this end, the engaging features 118 
which engage the Sternum are preferably part of a unitary 
platform blade Structure which also includes mounting fea 
tures to which a Stabilizer and other instruments can be 
mounted and Secured. Since the mounting features and the 
Sternal engaging features are part of the same component, 
there is no mechanical connection between the two, and the 
Stability of an attached instrument against the forces of a 
beating heart is greatly improved. 

0098. In the example shown, the first and second plat 
form blades 110 include mount features in the form of rails 
160. Optionally, a mount feature may also be included on the 
rack bar 115. The rails 160 allow stabilizer 10 (and other 
instruments) to be positioned at any desired location along 
the operable length of either rail. The rails 60 may be 
oriented Substantially perpendicular to the direction of Sepa 
ration of the blades 110, or in a more curvilinear fashion. In 
this example, the rails 60 extend upwardly from the bodies 
of the platform blades 110, although they may be formed 
alternatively as recessed features or in another configuration. 
However, the upwardly extending configurations are 
adapted to connect with the Stabilizers having connecting 
features as shown in the examples. Of course, it would be 
possible to provide Stabilizers having connecting features 
adapted to connect with recessed rails or rails having Some 
other connecting feature. 

0099 Stabilizer 10 is a multi-jointed device which pro 
vides the flexibility needed to reach less direct surfaces of 
the heart from the incision opening. Additionally, Stabilizer 
10 is extremely low profile to maximize the amount of free 
Space available in the opening for use by the Surgeon. In the 
example shown in FIG. 1, stabilizer 10 includes a heart 
contact member 20 adapted to contact the heart adjacent the 
site desired to be stabilized. The contact member 20 may 
include a pair of feet or contact members 22 as shown in 
FIG. 1, which may be substantially planar, or slightly curved 
to conform to the shape of the heart, or one or more may 
have a non-conforming curve to establish a contact between 
only a portion of the contact member 20 and the beating 
heart. The shape of the feet 22 and the contact member 20 
may be varied depending on the clinical assessment by the 
Surgeon, the design of the remainder of the Stabilizer 10, 
and/or the design of other instruments to be used to complete 
the anastomosis. Various examples of contact members will 
be detailed herein as the description proceeds. 
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0100 Stabilizer 10 further includes a highly maneuver 
able arm 30 which connects the contact member 20 through 
a base member 40 to a tightening mechanism 50 at the 
proximal end of the device. The maneuverable arm 30 
includes multiple articulating joints which enable the contact 
member 20 to be positioned and set at a wide variety of 
positions, virtually enabling the contact member to be used 
for any target Site in performing anastomoses according to 
the present invention. The multiplicity of articulating joints 
allow versatile positioning, and a cable 60 which runs 
through each of the joints and interconnects them with the 
tightening mechanism 50, may be tensioned to freeze the 
Selected orientation of the device in a rigid configuration. In 
this way, the contact member 20 can be maintained at the 
desired orientation to provide Stabilization to that portion of 
the heart tissue with which it makes contact, as well as the 
immediately Surrounding area. 

0101 Referring to FIG. 3A, an exploded view of the 
components at the distal end of Stabilizing instrument 10 are 
shown which connect the maneuverable arm 30 to the 
contact member 20. The distal most articulating member 310 
of the maneuverable arm 30 includes a cavity 312 (see FIG. 
3B) which opens to the distal end of the articulating member 
310 and is adapted to at least partially receive coupling 
members 260, 280 and 290, which are described below. A 
socket member 240 having an outside diameter of about 
0.375 inches in this example, caps the distal end of the 
stabilizer 10 and is mated to the distal most articulating 
member 310 via coupling members 260, 280 and 290, in 
concert with the tensioning cable which runs through the 
stabilizer. 

0102) Socket member 240 includes an opening 242, 
which is dimensioned to freely receive the ball portion 222 
of a connecting element 220 to which contact member 20 is 
fixed. Socket member 240 further includes a slot 244 dimen 
Sioned to receive stem 224 of connecting element 200, 
allowing it to slide freely in the slot 244 while at the same 
time preventing ball portion 222 from passing therethrough. 
A proximal opening 246 is provided in the Socket member 
and dimensioned to receive at least a portion of coupling 
members 260, 280 and 290. 

0103 Coupling member 260 may be a socket cap which 
is received within the proximal opening. Socket cap 260 
includes a base or cap portion 262 dimensioned to abut ball 
portion 222 and maintain it in its position in the Socket 
member 240. In the example shown, the cap portion has a 
Substantially planar bottom Surface with a circular opening 
dimensioned to ride against the Sphericity of the ball portion 
222. Of course, other configurations of the bottom Surface 
are contemplated which would accomplish the same func 
tion, e.g., the ability to apply force against the ball portion 
222 and maintain the ball portion within the socket member 
240, while also allowing the ball portion to rotate. Still 
further, upon increased application of force, the cap portion 
262 has the ability to lock the ball portion and prevent it 
from rotating. 

0104. The outer Surface of the socket cap 260 is substan 
tially cylindrical and adapted to slidably and rotatably fit 
within the cavity of the coupling member 240 introduced by 
the proximal opening 246. This allows rotation of the 
contact member about the longitudinal axis of the maneu 
Verable arm when the Stabilizer is in a non-rigid State. The 
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proximal portion of the Socket cap 260 includes driving 
Surfaces 264 adapted to abut against the distal most articu 
lating member 310 and transmit force against the ball 
portion 222 via cap portion 262 when the cable is tensioned. 
In the example shown in FIG. 3A, driving surfaces 264 are 
located on tabs 266 which are dimensioned to be received in 
slots 312 in the distal most articulating member 310. In this 
embodiment, upon complete release of tension in the Stabi 
lizer 10, the socket member 240 may be pulled in a direction 
away from the distal most articulating member 310 by a 
sufficient distance to allow ball portion 222 to be extracted 
through opening 242, for example to change the Setup by 
replacing the existing contact member 20 with a different 
one. Thus, a change may be made between contact members 
to choose a different design or configuration, or even to 
change to one which operates on a different principle. For 
example a change from a mechanical contact member, 
which operates by applying physical pressure against the 
beating heart tissue, may be replaced with a negative pres 
Sure contact member, which engages the heart by vacuum. In 
this regard, any of the contact members described herein 
could be exchanged for operation in the stabilizer 10 
described. Additionally, other known contact members 
could be used or adapted to be used by those of ordinary skill 
in the art. This interchangeability is made possible by the 
notches 312 which allow separation of the tabs 266 there 
from. 

0105. Alternatively, the notches 312 may be replaced by 
enclosed holes 312" (see FIG. 3C) which maintain the 
capture of tabs 266 even when the tension is fully relieved 
in the stabilizer 10. In this case, the Socket member 240 
cannot be separated from the distal most articulating mem 
ber 310' and coupling members 260, 280 and 290 by a 
Sufficient distance to remove ball portion 222 through open 
ing 242 (unless a shim within the mount is removed as 
described below). While this arrangement eliminates the 
ability to easily interchange contact members, it has the 
advantage of ensuring that the contact member will not 
become accidentally disengaged or removed, regardless of 
the amount of tension (or lack thereof) in the stabilizer 10. 
0106 The socket cap 260 further includes recessed or 
open portions 266 dimensioned to receive the arms 292 of 
coupling member 290. The recessed portions are continuous 
over the length of the socket cap 260 and are also defined 
along the perimeter of the cap portion 262. In this way, the 
arms 292 interfit with the socket cap and are continuous with 
the outer perimeter thereof to form a cylindrical Surface for 
rotating against the Socket member 240. The interior Surface 
of socket member 240 is undercut near the proximal end to 
form an annular groove 248 that extends around the interior 
circumference of the proximal end portion and underlies a 
lip 248 formed thereby. Upon assembly, tines 294 which 
extend outwardly from arms 292 at the distal end of the 
arms, engage the groove 248 and are prevented from being 
withdrawn from the Socket member 240 by lip 247. Because 
the lip 247 and groove 248 extend around the entire inner 
circumference of the Socket member 240, coupling member 
290 is free to rotate with socket cap 260 in an unlocked 
configuration of the stabilizer 10. The outside ends of the 
tines 294 are preferably chamfered or beveled 294a to ease 
the insertion of the coupling member 290 into the socket 
member 240. 
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0107 As shown in FIG. 3B, the cavity 312 in member 
310 is dimensioned to slidably receive at least the proximal 
portions of coupling members 260 and 290 with a close fit. 
Because the tabs 266 engage with either slots 314 or holes 
314, the coupling members 260 and 290 do not rotate with 
respect to member 310, but only with respect to socket 
member 240. Coupling member 290 is provided with an 
abutment surface 296 which is adapted to abut against the 
upper surface 312t that defines the top of cavity 312. A 
central opening 298 is provided through the abutment Sur 
face and proximal end of the coupling member to allow the 
tensioning cable to pass therethrough. 
0108. A cable fitting 280 is provided as a part of the 
coupling assembly, and includes an enlarged ball-shaped or 
other shape Stop portion 282 which has an abutment Surface 
284 adapted to abut against coupling member 292 to apply 
a force thereto when the cable is drawn up thereagainst. 
Cable fitting 280 also includes a hole or passage 286 passing 
centrally and longitudinally therethrough, for passage of the 
cable therethrough. 
0109). Each of the coupling components 260, 280 and 
290, as well as the socket member 240 and connecting 
element 220 may be made of a machined biocompatible 
metal, Such as StainleSS Steel, or may be molded, Such as by 
metal injection molding, for example. Alternative metals 
which are biocompatible and meet the Strength requirements 
for this application may also be employed. 
0110 Referring to FIG. 4, cable 288 is preferably a 
multi-strand metallic cable made from 300 series stainless 
Steel in a 7x7 configuration (Seven Strands in each of Seven 
bundles), but may be made of another high strength bio 
compatible material which would be suitable for such pur 
poses, e.g., Kevlar, titanium and the like. The cable should 
preferably have a tensile breaking Strength of at least about 
470 psi. The cable 288 is assembled with the cable fitting 
280 by passing the cable 288 through passage 286 and then 
Welding, Soldering, Swaging, adhering, crimping or other 
wise securing the cable fitting 280 to the cable in a manner 
to withstand tensile forces up to about 470 psi. It should be 
noted here that 470 psi is a value that is used for the 
particular embodiment presently being described, and that 
this value may vary depending upon variation of size or 
other parameters used in each particular Stabilizer device. 
After fixing the two components together, the distal ends 289 
of the components may be made flush by grinding for 
example. The proximal end 287 is electrocut to length, 
which, in this example is about twelve inchesta quarter of 
an inch. 

0111. The maneuverable arm 30 comprises a plurality of 
articulating members or links. Each link includes a hole 
passing through its center and long its longitudinal axis, to 
provide a passageway for cable 288 which passes through 
each link. The linkS may be made from a high Strength, high 
rigidity plastic Such as a rigid glass-filled polyurethane, for 
example, or other acceptable high rigidity biocompatible 
plastics known in the art. In another example, the links may 
be alternately arranged Such that links formed of rigid 
glass-filled polyurethane alternate with links formed of 
polycarbonate with Teflon and glass fill, for example. 

0112 AS may be seen in FIG. 1, the links of the maneu 
Verable arm 30 are formed in groups having progressively 
Stepped down outer diameters, where the distal most link 
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310 has the Smallest diameter at its distal end, and the 
proximal most links have the largest diameters, with inter 
mediate diameters existing between the two ends. This 
decreasing diameter profile maximizes the amount of free or 
working Space available to the Surgeon at the distal or 
working end of the device, while maintaining additional 
friction capability toward the proximal end to ensure a 
Sufficient overall rigidity of the device upon tightening the 
cable. 

0113 FIG. 4A is a perspective, isolated view of distal 
most articulating link 310. The distal portion 316 of link 310 
has an outside diameter of about 0.400 inches in this 
example where it forms a rotational joint with Socket mem 
ber 240 Such that, in an unfixed State, the Socket member 240 
is free to rotate about the longitudinal axis 3101 of the link 
310. Link 310 includes a central transitional portion 317 that 
transitions the link to the larger diameter portion 318 at the 
proximal end thereof. The outer diameter of portion 318 in 
this example is about 0.500 inches, which is substantially 
matched to the outside diameter of articulating link320 with 
which it articulates. 

0114. The articulating joint which is formed between 
links 310 and 320 is formed by a series of “V-trenches'32 
and teeth 34 aligned parallel acroSS the faces of the links that 
articulate with one another. In the case of link 310, the 
articulating face is concave, and the distal articulating face 
of link 320 that interfaces link 310 is convex. The Surfaces 
are designed to conform to one another, with the V-trenches 
32 of link 310 meshing with the teeth (or ridges) 34 of the 
distal Surface of link320, and the V-trenches 32 of the distal 
surface of link 320 receiving and meshing with the teeth 34 
of link 310. Since both surfaces have the same (although 
inverse) degree of curvature, they articulate Smoothly in the 
direction of the V-trenches, gliding Smoothly in a Single 
plane of rotation only, when the device is in an unrestricted, 
or untensioned State. Upon the application of forces causing 
a compression of components 310 and 320 against one 
another, frictional forces between the teeth and the 
V-trenches increase making it increasingly difficult to articu 
late the joining Surfaces, until eventually the two pieces 
become fixed with respect to one another. This fixation can 
occur at any desired relative positioning between the two 
links within the range of motion provided by the joint. This 
is the basis for the ability to fix the device in any desired 
configuration. 

0115 Thus, the trenches 32 not only provide a track along 
which the teeth 34 are guided for rotational articulation of 
the joint in a plane, but they must have a Sufficient aspect 
ratio and angulation to effect a progressive development of 
friction as the teeth sink lower into the trenches under 
compression. Aspect ratio is defined here as a ratio of the 
depth (or height) of the trench over the average width of the 
trench. The aspect ratio of the trenches should be at least 
about 1:2 or greater. Likewise, the aspect ratio of the teeth 
should also be at least about 1:2 or greater. In the examples 
shown, the aspect ratio is closer to 1:1. The trenches, for 
example, may be about 0.055" deep (see FIG. 4C, 34h) and 
about 0.048" average width. The angulation of the each side 
of the trench with respect to a normal line interSecting the 
bottom of the trench may be about 10 to 20 degrees and, in 
the example shown is about 17+1 degrees. Because teeth 34 
are angled in a V-shape, in the same way that the V-trenches 
32 are configured, as a tooth 34 is forced into a trench 32, 
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the frictional forces increase geometrically due to the 
increase in width on both sides of the tooth 34a and 34b that 
contacts sides of V-trench 32a and 32b at any given depth. 
Further, Since the arrangement includes a Series of parallel 
aligned V-trenches, any outward give or compliance of a 
V-trench is counteracted an equal, but opposing force devel 
oped in an adjacent V-trench undergoing the same compres 
Sive forces against a similarly dimensioned tooth. The 
V-trench design provides continuously articulating Surfaces 
between the teeth and the trenches and has been found to 
provide greatly Superior frictional results, as compared to 
existing ball and Socket configurations and modified ball and 
Socket configurations, when equal amounts of compressive 
force are applied to each type of articulating joint design. 
0116. In the example shown in FIG. 4A, the link 310 
includes four V-trenches 32 alternating with five teeth 34, 
although it would be known to those of ordinary skill in the 
art that these numbers could be varied. The peak-to-peak 
distance 35 between teeth 34 (or valley-to-valley distance 
between trenches 32) is about 0.100 inches in the example 
shown (FIG. 4C). the height 34th of a tooth 34 (or depth of 
a valley 32) may be about 0.050 inches and the angle formed 
by the walls 32a and 32b of a trench32 (or by walls 34a and 
34b of a tooth 34) may be about thirty degrees, plus or minus 
about ten degrees. The width of a tooth, at the top Surface 
34c may be about 0.050 inches. Underlying the opening 311, 
the link 310 may be tapered to form a conical pathway 313 
to enhance the flexibility of the maneuverable arm 30. The 
conical pathway assists the cable 288 in bending, especially 
under extreme angles, by providing a pathway which is more 
curved when a Series of these pathways are assembled as in 
the case of an assembly of links. Angle 313a formed by the 
wall of the pathway 313 may also be about thirty degrees, 
plus or minus about ten degrees. 

0117. In the embodiment shown in FIG. 1, a second link 
320 is assembled on the proximal end of the link 320 
described above. The links 320 are substantially identical 
and each have Substantially the same outside diameter along 
the entire length thereof, the outside diameter being about 
0.500 inches. The proximal surface of each link 320 is 
Substantially identical to the proximal Surface of the link 
310. The distal Surface of each link 320 has a series of 
V-trenches 32 and teeth 34 adapted to mesh with a proximal 
surface of a link 320 or link 310. For the example given, the 
distal surface has five trenches 32 alternating with four teeth 
34, for example, to provide a topography adapted to mate 
with the five teeth 34 and four trenches of the proximal 
surface of a link 310 or link320, for example. Of course, this 
is merely an example and the configurations may be 
Switched between the two Surfaces. Nor is the invention 
limited to only a 5-4 configuration as more or fewer teeth 
and trenches may be formed in a Series on a Surface. The 
outside diameters of the links may also be different from that 
described. For example, rather than links having outer 
diameters of 0.500, 0.600, 0.700 and 0.800 inches, respec 
tively, a Smaller maneuverable arm can be made using 
lengths having outside diameters of 0.400, 0.500, 0.600 and 
0.700 inches, respectively. Of course, a larger arm could be 
produced by Scaling up the link sizes, respectively. 

0118. An adapter link 330 is assembled on top of the 
second link 320 as shown in FIG. 1. Adapter link 330 has 
a distal portion 332 (see FIG. 5B) which has substantially 
the same outer diameter as the outer diameter of link320 (in 
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this example, about 0.500 inches). The distal surface of 
adapter link 330 is essentially the same as the distal surface 
of a link320 as described above, and is shown here in FIG. 
5A. Outlying the series of V-trenches 32 and teeth 34 are a 
pair of side walls 33 which are very similar to teeth 34 but 
only interface with a trench on one side thereof. Nonetheless 
the side walls 33 contribute to the balancing of side forces 
between the trenches and contribute to the articulating 
function of the joint overall. An angular gap or Section 336 
is formed in the distal face and central tooth 34 to facilitate 
the bending of the cable 288 (see FIG. 5C). The angle 
formed by gap 336 is about Sixty degrees plus or minus 
about five degrees and is centered on the longitudinal axis 
3301 of the link 330. The flexibility of each articulating 
V-trench joint is about fifteen degrees in either direction 
away from the longitudinal axis 3301. 
0119) A transitional portion 337 of the adapter link 330 
connects the Smaller diameter distal portion 332 to the larger 
diameter proximal portion 334. In this example, the distal 
portion has an outside diameter of about 0.600 inches. The 
distal articulating Surface is formed much in the same 
manner as the distal articulating Surfaces of the Smaller links 
described earlier, preferably with the same degree of con 
cavity, although it could be varied. The V-trenches 32 and 
teeth 34 are also preferably of the same height, width and 
pitch (i.e., angle of walls) as those described with regard to 
the smaller links 310 and 320, although the length of these 
features is necessarily longer So as to Span the larger Section 
presented by this Surface. Also, since the widths of the 
trenches and teeth remain the Same, a larger number of them 
are provided in the Series on this Surface. The function, 
however, is essentially the Same, although a greater amount 
of friction can be developed when this surface mates with a 
Similarly sized Surface, due to the increase total Surface area 
owing to the larger outside diameter Surrounding the Surface 
and the increased number (and length) of trenches and teeth 
meshing with one another. A conical pathway 313 is pro 
vided to enhance the flexibility of the maneuverable arm 30. 
The overall length of adapter link 330, measure from proxi 
mal end to distal end is about 0.525 inches in this example. 
0.120. An additional adapter link 340 may be assembled 
over adapter link 330 as shown in FIG.1. Adapter link 340 
is constructed essentially the same as adapter link 330, but 
is Scaled larger. That is, the distal portion has an outside 
diameter of about 0.600 inches and an articulating Surface 
that is conveX and adapted to mesh with the proximal 
articulating surface of the link 330. Again, the V-trenches 32 
and teeth 34 are also preferably of the same height, width 
and pitch (i.e., angle of walls) as all others previously 
described with regard to the smaller links. The proximal 
portion 344 has an outside diameter of about 0.700 inches 
and therefor the length of the trenches and teeth are neces 
Sarily longer So as to span the larger Section presented by this 
Surface. Also, Since the widths of the trenches and teeth 
remain the same, a larger number of them are provided in the 
Series on this Surface. The function, however, is essentially 
the same, although a greater amount of friction can be 
developed when this Surface mates with a similarly sized 
Surface, due to the increase total Surface area owing to the 
larger outside diameter Surrounding the Surface and the 
increased number (and length) of trenches and teeth meshing 
with one another. A conical pathway 313, though not clearly 
shown, is provided in the proximal portion to enhance the 
flexibility of the maneuverable arm, and a gap 336 (not 
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shown) is provided for the same reason. The overall length 
of adapter link340, measure from proximal end to distal end 
is about 0.600 inches in this example. 
0121 AS mentioned above, the articulating Surfaces pro 
vide excellent high friction locking Surfaces when the linkS 
are compressed together, which allows the design of a 
Smaller and lower profile device than has been known 
previously. Also, Since a significantly lower compression 
force is effective (e.g., a tensioning force on cable 288 of 
only about four hundred pounds results in a stiffness of the 
device equally to that requiring a one thousand pound force 
in Some prior art devices), the tightening mechanism can be 
made Smaller, enabling a lower profile of the overall device. 
Since the V-trench articulating Surfaces allow rotation in 
only one dimension (i.e., rotation in a single plane), at least 
one rotational joint 355 (FIG. 1) is provided with a plane of 
rotation normal to the plane of rotation of an adjacent 
V-trench joint. 
0122) Rotational joint 355 is formed between female link 
350 and male link360. By enabling rotation about joint 355, 
the distal portion of maneuverable arm thus far described 
may be flexed in any plane of rotation which is coaxial with 
the longitudinal axis of the rotational joint, Since the longi 
tudinal axis also establishes the center of rotation of the 
rotational joint 355. This greatly enhances the flexibility and 
Versatility of the Stabilizer, as to the locations that it can be 
positioned to address. 
0123 Female link 350 is about 0.650 inches long in this 
example and has an outside diameter of about 0.700 inches. 
The distal articulating Surface is adapted to mesh with and 
articulate with the proximal surface of the adapter link 340. 
A central opening 311 is provided in the link 350, the same 
as all previously described links, and is tapered conically 
313 to enhance the flexibility of the cable 288 and maneu 
verable arm 30 overall. The proximal end of link 350 form 
a flat annulus 352 which is adapted to interface with a like 
Surface at the distal Surface of the male link 360, described 
below. A opening in the distal end provides a race 354 
against which the male portion of the joint articulates during 
rotation. Race 354 is shown as cylindrical 354 and then 
conically tapered 354, but may be completely conically 
tapered. 
0.124 Male link 360 includes male bearing portion 362 
which is adapted to rotate in race 354. The conical tapering 
of race 354 and the conical taper of male bearing portion 364 
allow a finite amount of flexing between the two compo 
nents such that the rotation joint therebetween will still 
function without binding or popping out of joint even when 
the maneuverable arm is maximally flexed. A flat annular 
surface 364 is provided at the base of the male bearing 
portion 362 and is adapted to interface with and rotate 
against annular Surface 352, in a relaxed State. Further, the 
compression of these two annular Surfaces together acts to 
increase the friction resistance between the male and female 
links, thereby preventing rotation. Additionally, the conical 
Surface of the male bearing portion 362 is force into the race 
354,354, thereby frictionally locking the joint. Male link 
360 also includes a central opening 311 and conical taper 
313 in the proximal portion, as well as about a thirty degree 
conical taper 336' to enhance the flexibility of the cable 288 
and maneuverability of the maneuverable arm 30. 
0.125 Male link 360 tapers to a larger proximal portion 
366 having an outside diameter of about 0.800 inches. The 
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proximal surface is concave with teeth 34 and V-trenches 
which may be manufactured to the same dimensions (except 
length) and Standards as those previously described. 
0.126 In the embodiment shown in FIG. 1, four large 
links 370 are next assembled on the proximal surface of the 
male link 360, although this number could vary. Since each 
of the large linkS is Substantially identical, only one will be 
described here to avoid redundancy. Each large link 370 has 
a Substantially consistent outside diameter over the length 
thereof, which is about 0.800 inches. The construction is 
essentially the same as described with regard to links 320, 
but scaled up to size. Therefor, each link 370 provides 
Substantially more Surface area against which the Surfaces 
articulate, as well as develop friction under compression. In 
this way, the large linkS develop a great deal of rigidity and 
fixing Strength when the cable is tensioned. 

0127. A large diameter female link 380 interfaces the 
fourth large link 370. Female link 380 is constructed essen 
tially the same as female link 350, but is scaled up to a size 
having about a 0.800 inch outside diameter. The distal end 
includes V-trenches 32 and teeth 34 which mate with the 
corresponding V-trenches and teeth in the proximal end 
Surface of link 370. The distal end includes a flat annular 
Surface and a race which are formed the same as 352 and 
354, only of slightly larger dimension. Large female link 380 
forms a second rotational joint 385 with the distal portion of 
mount 40. 

0128 FIG. 9A is a perspective view of the distal portion 
4.0a of mount 40. The distal end of distal portion 4.0a extends 
a male bearing portion 402 male bearing portion which is 
adapted to rotate in the race of the large diameter female link 
380, or, is actually the case when mount 40 is fixed to a 
Stationary object Such as a retractor, to allow the race of the 
large diameter female link 380 to rotate on the male bearing 
portion 402. The conical tapering of the race and the conical 
taper of male bearing portion 402 allow a finite amount of 
flexing between the two components Such that the rotation 
joint therebetween will still function without binding or 
popping out of joint even when the maneuverable arm is 
maximally flexed. A flat annular surface 404 is provided at 
the base of the male bearing portion 402 and is adapted to 
interface with and facilitate rotation of the annular Surface of 
the large female link 380, in a relaxed state. Further, the 
compression of these two annular Surfaces together acts to 
increase the friction resistance between the male and female 
links, thereby preventing rotation. Additionally, the conical 
surface of the male bearing portion 402 is forced into the 
race of the large female link 380 upon tightening of the 
device, thereby frictionally locking the joint. 

0129. The second rotational joint 385 is provided with a 
plane of rotation normal to the longitudinal axis of the distal 
portion 40a. By enabling rotation about joint 385, the entire 
maneuverable arm 30 may be flexed in any plane of rotation 
which is coaxial with the longitudinal axis of the rotational 
joint, which is also the longitudinal axis of the distal portion 
40a, Since the longitudinal axis also establishes the center of 
rotation of the rotational joint 385. Further, the portion of the 
maneuverable arm 30 that is distal to rotational joint 355 
may be flexed in a plane of rotation which is coaxial with the 
longitudinal axis, but different from the plane of flexation of 
the portion of the maneuverable arm that is proximal to the 
rotational joint 355. This, of course, is made possible by the 
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rotation of rotational joint 355. Thus, even greater flexibility 
and maneuverability of the stabilizer is achieved by the 
provision of two rotational joints. It must be noted here that 
the present invention is not limited to two rotational joints, 
as more may be used (or fewer). 
0130 Mount 40 may be molded of a high strength and 
highly rigid composite polymeric material Such as polycar 
bonate with Teflon and glass fill, for example having about 
10 percent Teflon, and 20 percent glass fiber fill, with the 
percentages being weight percentages. Alternatively, other 
materials. Such as CCP, polyurethane, etc. could be employed 
for this purpose. As an alternative to molding, it would also 
be possible to machine these components. Because of the 
simplicity of the design of mount 40, it can be made to be 
extremely low profile, thereby taking up leSS space at the 
location of mounting, and more importantly, positioning the 
entire Stabilizer very close to the Stationary mounting site 
and minimizing the amount of Space that it extends into the 
Surgical Site. 
0131) An important function of mount 40 is to securely 
fix stabilizer 10 to a relatively immobile object, such as a 
Sternal retractor, So as to maintain the Stabilizer in a fixed 
position relative to the beating heart. The Stabilizer itself can 
be made rigid through the mechanisms described herein, and 
could possibly be hand operated, but the Stabilization pro 
ceSS is more effective and requires fewer hands in the 
vicinity of the Surgical Site if the Stabilizer can be anchored 
to an immovable object. Mount 40 is adapted to be clamped 
to an appropriate rail, Such as on a Sternal retractor, for 
example, and secured by rail grips 406 and 410. Distal and 
proximal portions 4.0a and 40b are joined by a hinge formed 
by passing a hinge pin (not shown) through hinge pin 
receptacles 412 and 414. The hinge pin is a Straight metallic 
shaft which is press fit into the pin receptacles. The hinge pin 
is preferably formed of medical grade StainleSS Steel or an 
alternative biocompatible metal. The hinge joint allows the 
portions 4.0a and 40b to be pivoted toward and away from 
one another about the hinge pin. When the portions 4.0a and 
40b are pivoted away from one another, rail grips 406 and 
410 also move away from one another. This position is used 
for releasing the mount from a rail and for positioning the 
mount over the rail prior to engaging the mount to it. 
0132) Distal portion 4.0a has a living hinge 416, located 
directly beneath hinge receptacle 412, which is adapted to 
receive and engage a Second hinge pin 418 mounted in 
proximal portion 40b beneath hinge receptacles 414. The 
neck 420 of living hinge 416 defines a slot having a 
dimension slightly Smaller than the outside diameter of 
Second hinge pin 418. AS proximal portion 40b is approxi 
mated with distal portion 40a, second hinge pin 418 contacts 
the sides of neck 420, thereby exercising living hinge 416 by 
forcing neck 420 open to allow Second hinge pin 418 to pass 
by and engage in hinge receptacle 422. Hinge receptacle 422 
is dimensioned slightly larger than the outside diameter of 
Second hinge pin 418. Second hinge pin 418 Seats in hinge 
receptacle 422, thereby allowing living hinge 416 to relax 
and neck 420 to return to its original dimension and locking 
hinge pin 418 in. This entire operation resembles a “snap fit” 
and securely fixes the portions 4.0a and 40b in approxima 
tion with one another. At the same time, rail grips 406 and 
410 are brought into a fixed configuration, gripping both 
sides of the rail on which the mount 40 is secured. The 
release operation is just as Simple, where the mount portions 
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can be simply "Snapped' open and pivoted away from one 
another to dismount the stabilizer 10 from a rail. The fixed 
position of the mount 40 may be designed to completely 
Secure the Stabilizer 10 to a rail, or it may be designed to 
clamp the rail Snugly, thereby Stabilizing the device 10, 
while still allowing the mount, to be slid along the rail (under 
a significant amount of friction) to reposition it. 
0.133 Mount 40 is provided with a large opening 408 
which funnels down to a Smaller passageway 424 through 
which cable 288 is passed through upon assembly of the 
maneuverable arm 30. 

0134) Assembly of the Stabilizer 
0135). After securely fixing cable fitting 280 to cable 288 
and finishing the ends of the cable 288 as described above, 
coupling member 290 is assembled over cable 288 by 
threading it over the proximal, or free end of the cable and 
sliding it to the end fixed to the cable fitting 280 to abut stop 
portion 282. Socket cap 260 is then placed over the distal 
end of the cable fitting 280 and interfit with coupling 
member 290, thereby surrounding stop portion 282 together 
with arms 292. Socket member 240 is then Snap fit over the 
coupling assembly, thereby engaging tines 294 with lip 247, 
after which linkS can begin to be added. 
0136. The distal most link 310 is assembled over the 
proximal end of the cable and Slid down to engage driving 
surfaces 264 of socket cap 260. If the link 310 has notches 
314, the driving Surfaces 264 Simply engage notches 314 and 
must be maintained pressed into position or they may fall out 
of position if no compression is maintained. If the link 310 
has holes 314", then the driving Surfaces may Snap into 
position and be Secured there. 
0137) The remainder of the links, 320, 330, 340,350, 
360, 370 and 380 are then assembled in order by simply 
sliding them from the proximal end of the cable down into 
position over one another and oriented So that the V-trenches 
and teeth engage with one another on interfacing Surfaces. A 
safety crimp is then formed over the cable 288 proximally of 
the large female link 380. The safety crimp is formed by 
placing a Small tubular piece of ductile metal over the cable 
and then crimping or deforming the ductile metal So that it 
is anchored in a desired position on the cable. The deformed 
metal is too large to pass through the central opening in the 
large female link 380 and thus Serves as a precautionary 
measure to maintain all of the links on the cable, should 
there be a failure in the vicinity of the mount or proximal to 
the mount. 

0.138. The maneuverable arm 30 now having been loosely 
preliminarily assembled, the proximal end of cable 288 is 
passed through large opening 408 in distal portion 4.0a of 
mount 40 and through opening 424 whereby distal portion 
4.0a is positioned loosely up against large female link 380. 
An open channel 426 is provided in the underside of distal 
portion 4.0a proximally of opening 424, which allows acceSS 
to cable 288. An additional cable fitting (not shown), similar 
to the Safety crimp, but longer to increase the amount of 
friction, is slid over the proximal end of cable 288 and 
positioned adjacent opening 424 where it is Securely 
crimped. 

0.139. The second hinge pin having been secured into 
place in the proximal portion 40b, the proximal portion 40b 
is then assembled with the distal portion 40a, after passing 
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the cable through the central opening of proximal portion. 
ASSembly of the mount portions is made by aligning hinge 
receptacles 412 and 414, and preSS fitting the first hinge pin 
therein. A biasing member 432, Such as a coil spring for 
example, and Screw 440 are next inserted into the proximal 
opening 430 of proximal portion 40b at the same time 
passing cable 288 through the central opening of the biasing 
member and central opening 442 that passes through Screw 
440. Screw 440 is inserted head first, and opening 430 is 
configured so as to prevent rotation of the screw 440 with 
respect to the mount 40 once the screw 440 has been 
inserted. For example, the version shown in FIG. 10D has 
a hexagonal head 444 and opening 430 has a hexagonal 
cross section which allows the head 444 to be slid into 
opening 430, but prevents head 444 from rotating once it has 
been slid into opening 430. The shape of the head 444 and 
430 may be varied, as would be apparent to those of ordinary 
skill in the art, So long as the opening allows the head to be 
Slid in and then prevents rotation of the head once in 
position. Biasing member 432 ensures that the proximal 
portion of the screw 440 and the threads 452 surrounding it 
are maintained in a position that extends from mount portion 
40b to ensured that a torque member (described below) can 
be positively threaded thereto, in a repeatable and reliable 
fashion. 

0140. An enlarged opening 446 is provided in the proxi 
mal end of the screw 440 which is dimensioned to receive 
an anchor 450 (FIG. 10E) that is slid over the cable 288 and 
crimped into place to secure the Screw 440 in position and 
to further lock the assembly. Opening 446 tapers to join 
opening 442 and thereby forms an abutment surface 448 
against which the anchor 450 is secured. Anchor 450 is 
preferably formed of a malleable metal such as brass or 
aluminum, for example, and Screw 440 is preferably metal, 
Such as metal injection molded 316 Series StainleSS Steel, for 
example. Threads 452 may be lubricated with a grease 
having a vegetable oil, Silicone or other biocompatible base, 
to Smooth the tightening operation, described below. 
0.141. Optionally, a flexible sleeve 460 may be positioned 
over the links of the maneuverable arm 330, as shown in 
FIG. 10F, if desired. The sleeve may, although does not 
necessarily need to, be formed in two parts Such that a distal 
part is slid over the distal portion of the arm 330 where it is 
attached to the distal most articulating member at 460a and 
at the distal portion of the intermediate rotational joint at 
460b. Similarly, the proximal part of the sleeve 460 is fitted 
over the proximal portion of the arm 330 where it is attached 
to the proximal portion of the intermediate rotational joint at 
460c and at the distal portion of the rotational joint at the 
proximal end of arm 330 at 460d. 
0142. Although the sleeve could be formed of an elas 
tomer such as silicone or dip molded PVC, for example, it 
has been found that the flexibility of the links about an axis 
perpendicular to the longitudinal axis of the maneuverable 
arm 336 may be limited by Such a sleeve, although rotation 
about the longitudinal axis is not So limited. It has been 
found that Superior results may be achieved by using a 
material that has more axes of elasticity, Such as a knitted 
Lycra or SpandeX material having a four or six way Stretch. 
Such a sleeve 460 does not preload the maneuverable arm 
significantly so as to restrict its flexibility in either of the 
motions discussed above. Any of the sleeve materials Serves 
the function of further ensuring that no foreign materials 
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(e.g., Sutures, Surgeon’s gloves, etc.) will be trapped or 
Snagged in any of the articulating joints of the maneuverable 
arm 330. An additional advantage of a sleeve 460 is that it 
provides an extra degree of integrity to the maneuverable 
arm 330, helping maintain each of the links in its intended 
position. Further, if there should be a failure in the cable 288 
or other factor causing disintegration of the device, the 
sleeve 460 would prevent loss of links and maintain the 
integrity of the device. 
0143. After anchoring the screw 440 as described above, 
there is still a Sufficient amount of Slack in the assembly to 
allow the socket member 240 to be separated from distal 
most link 310, thereby freeing the space defined by opening 
242. This allows ball 222 to be inserted into the Socket 
member 240 through opening 242. After insertion of the 
ball, a Stop or Shim is placed into slot 428, thereby taking up 
Some of the Slack in cable 288 and preventing a separation 
of socket member 240 from the assembly by a sufficient 
distance to remove ball 222. This is an optional step which 
may be skipped if it is desired to interchange members 20 
after complete assembly of the stabilizer. 
0144 Assembly of the tensioning mechanism 50 contin 
ues by insertion of torque member 520 into knob 560. The 
torque member 520 is preferably formed of a hard polymer 
material such as polycarbonate. Torque member 520 is 
threaded internally with threads 522 dimensioned to mate 
with the external threads 452 on the shaft of Screw 440. 
Threads 522 and 452 must be strong enough to withstand the 
tensile forces that are applied to cable 288 when they are 
threaded together. The threads must therefor be strong 
enough to withstand tensile forces of at least 470 psi in the 
example described above. 
0145 Torque member 520 further includes a torque lim 
iter formed by fins 524. Fins 524 are integrally molded of 
polycarbonate with torque member 520, and are placed So as 
to engage trenches 562 in knob 560 when torque member 
520 is slid into knob 520. Fins 524 are angled with respect 
to the body of torque member 520 in a clockwise direction 
when viewed from the proximal end of torque member 520, 
as shown in FIG. 12A. 

0146 Knob 560 includes tabs 564 which extend from ribs 
566 that separate the trenches 562. Tabs 564 are configured 
to lock into circumferential annular trench 430 on the 
proximal portion of proximal mount portion 40b in a Snap fit 
manner. That is, the inner diameter of a circle formed by 
connecting the tops of tabs 564 is smaller than the outer 
diameter of the proximal end 432 of mount portion 40b. 
Thus, when the knob 560 is pushed over the proximal end 
432, tabs 564 deflect or give somewhat to pass by the 
proximal end and Snap into place in circumferential trench 
430, which has an outside diameter slightly smaller than the 
inside diameter formed by tabs 564. 
0147 Knob 560 has an internal cup or cylinder 568 
extending from the center of the proximal end inside of knob 
560. Cup 568 is a hollow cylinder dimensioned to receive a 
Spacer 526 that makes up the proximal end portion of torque 
member 520. Spacer 526 maintains threads 522 in alignment 
with threads 452 on screw 440 when knob 560 is snapped 
onto the mount 40. Threads 522 are self starting and will 
engage threads 452 when knob 560 is turned in a clockwise 
direction. When knob 560 is turned a Sufficient amount in the 
counterclockwise direction, threads 522 disengage from 
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threads 452 to ensure that no residual tension is left on cable 
288 so that the maximum flexibility of maneuverable arm 30 
is available. By receiving and closely holding Spacer 526, 
cup 568 maintains threads 522 in alignment with threads 452 
to ensure that torque member 520 does not become cross 
threaded when knob 560 is turned clockwise. 

0148 Knob 560 includes four extensions 570 radially 
extending from equally circumferentially Spaced locations 
on the proximal portion of knob 560. The present invention 
is not limited to the use of four extensions, as more or fewer 
extensions may be used and Still achieve the desired results. 
Extensions 570 not only provide a convenient non-slip 
handle to be grasped by the hand of an operator, but also 
provide additional mechanical advantage to apply torque for 
tensioning cable 288. As noted above, because of the effi 
ciency of the frictional surfaces provided by the V-trench 
and tooth design on the articulating links, less force is 
needed to sufficiently rigidify the stabilizer than that 
required by prior art designs. Because of this, leSS mechani 
cal advantage need be provided by extensions 570 compared 
to those in the prior art, therefor they can be made to extend 
by a significantly Smaller distance. This is important because 
it allows the entire device 10, and particularly the mount 40 
to be made to assume an extremely low profile and thereby 
provide the surgeon with more working space. Knob 560 
may be made from the same materials as the linkS. 
0149 Operation of the Stabilizer 
0150. After snapping knob 560 into position on the 
proximal portion 40b of mount 40, the stabilizer is fully 
assembled. Aposition on a rail of a Sternal retractor is chosen 
where the stabilizer is to be mounted. The stabilizer 10 is 
then mounted to the rail in the desired location in the manner 
described above. Alternatively, as also noted above, the 
mount can be Snapped together for a hand held use (or 
clamping by other means) of the stabilizer 10, and all of the 
following Steps would apply to each use. After closing the 
mount 40 and while the stabilizer is still in a fully relaxed, 
flexible State, the Surgeon then manipulates maneuverable 
arm 30 and heart contact member 20 to assume a configu 
ration best Suited for approximation of the heart tissue that 
is desired to be Stabilized. Manipulation can include flexing 
any combination or all of the links at the V-trench articula 
tions, as well as rotation about either or both of the rotational 
joints. Additionally, heart contact member is freely rotatable 
360 degrees about the longitudinal axis of the device 10, as 
well as nearly 180 degrees in a plane coaxial with the 
longitudinal axis of the device. This effectively gives the 
Surgeon three degrees of freedom about which to position 
heart contact member 20. 

0151. The surgeon may desire to do a “coarse” position 
ing of the Stabilizer 10 to approximate a configuration 
deemed best for contacting the target tissue and then apply 
Some tension to cable 288 by torquing knob 560 an amount 
enough to increase friction between the links (as well as 
between the ball of heart contact member and coupling 
members) So that the Stabilizer holds the configuration under 
its own weight, but not enough to make the configuration 
rigid. The Surgeon can then make fine adjustments to the 
configuration at particular joints or locations along the 
Stabilizer, without concern for displacing the Semi-fixed 
configurations of those joints that do not need to be adjusted. 
After fine adjustment has been completed, knob 560 is 
torqued to the fully rigidify the stabilizer 10. 
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0152. As knob 560 is torqued in a clockwise direction, 
threads 522 and 452 engage to draw screw 440 in a proximal 
direction with respect to stabilizer 10. Torque member 520 
is stopped from movement in the distal direction when its 
distal Surface abuts against the proximal Surface of proximal 
portion 40b of mount 40. Since screw 44 is securely fixed to 
cable 288, it draws cable 288 in the proximal direction as it 
moves, thereby placing the cable under tension. This draws 
stop member 282 against coupling member 290 which is 
also drawn in the proximal direction and tines 294 at the 
same time draw socket member 240 in the proximal direc 
tion. Abutment of the distal most link 310 against driving 
Surfaces 264 maintains Socket cap 260 Stationary relative to 
the movement of Socket member 240, which causes a 
compression of ball 222, thereby fixing heart contact mem 
ber 20. 

0153 Compression occurs between distal most link 310, 
by the force applied through driving Surfaces 264, and 
mount 40, by the force applied through torque member 520 
as cable 288 is brought under tension, which locks every 
articulated joint in its assumed configuration. Stabilizer 10 
then functions as a rigid member to provide the desired 
Stabilizing Surface against which the target tissue is main 
tained relatively motionless during the Surgical procedure. 

0154 Fins 524 are designed to act as a torque limiter or 
clutch during tensioning of cable 288. As knob 560 is rotated 
clockwise, trenches 562 engage fins 524 to drive them in a 
direction shown by force F in FIG. 12B. When the torque 
required to further tension cable 288 reaches a predeter 
mined limit (i.e., the torque required to generate a tension of 
about 400 psi in this example), the force exerted by trenches 
562 against fins 524 is deflects the fins by an amount 
sufficient to allow them to escape from within the trenches. 
At this level, continued torquing of the knob 560 in the 
clockwise direction will only result in a clicking Sound as the 
fins 524 continually engage and escape from Successive 
trenches, while torque member 520 remains stationary rela 
tive to knob 560. This design ensures that the device can be 
used consistently, with essentially the same amount of 
tension applied to the device with each use, rendering its 
performance more predictable. It prevents over-tightening as 
well as under-tightening, thereby greatly reducing the risk of 
cable failure (over-tightening) or lack of rigidity in the 
Stabilizer (under-tightening). Furthermore, this design com 
pensates for the differences in arm Strength of the users 
operating it, and it gives audible feedback as to when the 
device has been optimally tensioned. 

0155 The Heart Contact Members 
0156 The heart contact member 20 shown in FIG. 1 is 
designed to improve the visibility to the Surgeon, that is to 
increase the areas of the heart which is visible to the Surgeon 
during the procedure, while Still providing the necessary 
Suppression of heart movement to enable the efficient con 
Struction of the anastomosis. More particularly, in this 
embodiment, a pair of contact members 22 extend from a 
common base portion 24 which bends away from a general 
plane in which the contact members 22 lie, where it is 
connected to stem or post 224, which connects ball 220 to 
the heart contact member 20 for connection with the rest of 
the stabilizer 10 as discussed above. The oblique angle 
between contact members 22 and common base portion 24 
provides the ability to extend the contact members 22 away 
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from the maneuverable arm 30 and insure that the arm 30 
and common base portion 24 do not obstruct the Surgeon's 
view. 

O157 Common base portion 24 includes a slot 26 into 
which post 224 is fitted for connection thereto. Post 224 may 
also be provided with a slot 226 which captures a portion of 
common base portion at the same time that Slot 26 borders 
along the length of post 224. This provides a fairly Secure 
mechanical fit which is fully reinforced by welding the two 
components together. Alternatively, the two pieces could be 
manufactured as a Single component by metal injection 
molding. Ball portion 222 may also be fixed to post 224 by 
welding, or could also be manufactured integrally by metal 
injection molding. Ball 222 is made larger than previously 
used in prior art devices to provide a larger frictional area 
upon which to lock the ball joint that ball portion 222 forms 
a part of and also to enhance the Smooth operation of the 
joint. Because the socket member 240 of the ball joint 
arrangement is free to rotate about the longitudinal axis of 
the stabilizer 10, it is possible to design the socket member 
to have only one opening 242 and Still achieve an even 
greater flexibility in positioning heart contact member 20 
than prior art devices having a non-rotatable Socket member 
that have four openings circumferentially Spaced about the 
Socket member. Also, the Socket member has greater 
Strength due to this design and can withstand the forces 
applied by a larger ball. 

0158 Contact members 22 may have frictional Surfaces 
28 on the underside thereof (FIG. 13C) to more securely 
engage the tissue that they contact. The tips 22t of the 
contact members 22 may be bent upward in the forms of “ski 
tips to prevent edge effects (e.g., stress concentration, 
cutting, chafing, etc.) against the tissue which might other 
wise be caused by Straight tips. The shape of contact 
members 22 may be varied depending on the clinical assess 
ment by the Surgeon, or by the design of other instruments 
used to complete the anastomosis, for example. 
0159. The contact members may also be modified to 
include apertures, openings or attachments to facilitate con 
nection with Sutures or other devices used to achieve the 
Stabilization and/or anastomosis. Examples of alternative 
heart contact members that may also be modified for use 
with the present stabilizer can be found, for example, in U.S. 
Pat. No. 6,036,641 and in copending U.S. application Ser. 
No. 09/305,811, filed May 4, 1999, entitled “Surgical 
Retractor Platform Blade Apparatus”, the disclosures of both 
of which are herein incorporated by reference in their 
entireties. 

0160 Additional varieties of heart contact members may 
also be provided for connection to a Stabilizer 10 according 
to the present invention. Referring to FIGS. 14A-14D, an 
example of a heart contact member 600 is shown which uses 
negative pressure to facilitate engagement of the Surface of 
the heart. Heart contact member 600 includes a pair of 
contact members 602 which typically engage the Surface of 
the heart on opposite sides of a coronary artery. Heart 
contact member is typically positioned Such that the coro 
nary artery or other anastomosis site runs lengthwise in the 
space between the contact members 602. 
0.161 For beating heart procedures where the target ves 
sel is occluded, heart contact member 600 preferably has a 
construction that does not occlude or otherwise contact the 
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vessel as contact members 602 are placed on opposite sides 
of the coronary vessel portion to be Stabilized. Thus, contact 
members 602 are Spaced apart at a distance Such that a 
coronary artery can be positioned therebetween. Although 
the configurations of the tissue Stabilizers herein are shown 
to include two contact members, it is noted that a functional, 
although less effective tissue stabilizer could be formed 
according to the principles described herein using only one 
tissue contact member. Of course, more than two tissue 
contact members could also be configured. This is true not 
only of the example shown in FIGS. 14A-14D, but of all 
tissue contact members contemplated for use in the present 
invention. 

0162. When the heart contact member is configured to 
facilitate the use of negative pressure to engage the Surface 
of the heart, Such as with heart contact member 600, contact 
members 602 may each be provided with a thin, compliant 
seal 604 which is preferably molded into the contact mem 
ber. Seal 604 is very compliant and flexible, with a Shore 
hardness of about 50, for example, and taperS Similar to a 
"knife edge”, So that it conforms easily to the topology of the 
tissue that it contacts when a vacuum is drawn through the 
contact member 602, thereby providing an effective seal 
between the heart contact member 600 and the tissue. Seal 
604 is preferably molded from a soft and compliant elas 
tomer Such as a thermoplastic urethane, e.g. SoftfleX 0615, 
available from Network Polymers, Inc. Optionally, the dis 
tance that the seal extends from the contact member 602 may 
vary Such that it extends by a relatively greater distance near 
the tip or distal end of the contact member 602 to provide a 
variable Seal (as shown in phantom by reference numeral 
604 in FIG. 14B). The variable seal configuration may help 
to ensure that a Seal is maintained at the distal end of the 
contact member 604 and that a vacuum pathway is also 
maintained, as the croSS Sectional area and thus Volume of 
the distal end is reduced. 

0163 Contact members 602 are connected to manifold 
base 606 over integrally molded fittings 608 extending 
therefrom. The fittings 608 each include an enlarged cir 
cumferential lip 610 over which the contact members 602 
are dimensioned to be Snap fitted, So that there is only about 
0.0005" tolerance per side of the fit between the parts an 
therefor no O-ring or other Seal is required to Seal the 
connection. Each contact member has a circumferential 
trench into which the respective lip fits. This results in a 
more rigid connection between each contact member 602 
and the manifold base 606 making the heart contact member 
600 more rigid overall, thus resulting in an improved sta 
bilizer device. Additionally, the contact members 602 retain 
the ability to rotate with respect to the manifold 606. 
0.164 Connecting element 200 is fixed to the manifold 
606 opposite fittings 608 and is preferably fixed by molding, 
adhesives or other equivalent. A third fitting 608 having a 
Similar configuration to those fittings that engage the contact 
members 602, extends from an end of the manifold 606. A 
rotatable fitting 612 is internally dimensioned to be snap 
fitted over the third fitting 608 and to be rotatable with 
respect to the fitting after mounting. Rotatable fitting 612 has 
an inner circumferential trench dimensioned to tightly 
receive lip 610 So that no O-ring is necessary. An end cap 
614 is ultrasonically welded to the rotatable fitting 612 to 
complete the seal with the manifold 606. Rotatable fitting 
allows greater freedom in positioning the heart contact 
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member 600 with less resistance from the line connecting 
the Vacuum Source thereto. For example, the contact mem 
bers 602 and manifold 606 can be rotated while maintaining 
a constant position of the rotatable joint 612 and the vacuum 
line connected to it. 

0.165 An inlet tube 616 having an inlet opening 618 is 
provided to fluidly connect a vacuum line with a hollow 
space or chamber defined within manifold base 606 and 
rotatable fitting 612. The internal chamber within manifold 
base 606 and the fittings 608 extending therefrom provide 
for convenient distribution of a Single vacuum Source con 
nected by vacuum line to inlet tube 616 to multiple contact 
members 602. Inlet tube 616 may have one or more barbs 
620 to facilitate the secure and leak-free attachment of a 
length of flexible tubing (not shown) coming from a vacuum 
pump or other vacuum Source (not shown) as is commonly 
known in the art. In an alternative embodiment, inlet tube 
616 may be replaced with a fitting similar to 608 and a 
Vacuum line can be provided with a fitting Similar to the 
interior fitting of rotatable fitting 612 so as to provide a 
rotational joint between rotatable fitting 612 and the vacuum 
line that does not require a separate Seal Such as an O-ring. 
Of course, an O-ring Seal could also be Substituted here, 
Since there is not a concern with rigidity at this joint. 

0166 Referring to the cross-sectional view of contact 
member 602 shown in FIG. 14C, the contact member 602 is 
shown to have an asymmetrical croSS Section which slopes 
from a relatively thick external edge or ridge 602e, to a 
relatively thin internal side 602i. The relatively thick ridge 
602e provides Structural rigidity and the tapering Slope 
conformation of the member and thin side 602i are designed 
to maximize the viewing and access to the target Site, which 
is straddled by the members 602. The contact members are 
made of a rigid material Such as polycarbonate for example. 
After molding the member 602, from polycarbonate, for 
example, compliant Seal 604 is overmolded, form a material 
which is compatible with polycarbonate and exhibits the 
desired physical properties (e.g., Softflex 0615), wherein it 
bonds to the polycarbonate upon curing. The flexible, com 
pliant seal 604, together with the bottom of contact member 
602 defines a space 624 which is placed over the tissue to be 
stabilized. 

0167 The channels 622 are open to the space 624 and 
connect with deep channel 626 which fluidly connects with 
the manifold 606 via the opening through fitting 608. 
Although space 624 fluidly connects with deep channel 626, 
channels 622 provide additional assurance that a vacuum 
Seal will be maintained along the length and perimeter of the 
contact member 602 even if tissue should be drawn up into 
contact with the underside of the member 602. In the 
example shown in FIG. 14E, the deep channel 626 extends 
forwardly in a teardrop configuration and also has a trans 
verse portion 626t into which the channels 622 feed. 

0168 Optionally, an elastomeric pad or filter (shown in 
phantom in FIG. 14C) may be fitted or fixed against the 
bottom surface of the contact member 602 and covering at 
least a portion of the channels 622, to further ensure that a 
Vacuum pathway remains open even if tissue is drawn up 
against the contact member 602. The pad 630 may be about 
0.0.15" thick and is porous preferably having pores 632 of 
about 0.020" to 0.030" diameter. The pores do not neces 
Sarily have to be round in shape, but may be hexagonal, for 
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example, or another shape. The pad may be formed of an 
open-cell biocompatible elastomer, Such as polyurethane 
foam (available from Evergreen), or a closed-cell biocom 
patible polyurethane foam (also available from Evergreen) 
into which has been molded, punched, or otherwise formed 
pores of the above-mentioned dimensions. 
0169 FIG. 14F shows a cross section of another example 
of a contact member 602 which is essentially the same as 
that shown in FIG. 14C, except that one or more trenches 
634 (in this example, two are shown) may be molded into the 
compliant seal 604. Trenches 634 act as living hinges when 
the contact member is applied to tissue and a vacuum is 
drawn, making the seal 604 even more flexible and compli 
ant. 

0170 FIG. 14G shows a cross section of a further 
example of a contact member 602 which is essentially the 
same as that shown in FIG. 14C, except that the porous 
member 630' is integrally molded with the compliant seal 
604. The porous member 630' is molded at the same time 
and of the same material as the seal 604. Pores 632 are also 
molded into the porous member 630 at the same time. 
0171 Instead of an open chamber design, further alter 
native designs may be used in construction contact members 
for applying negative pressure to the tissue, Such as those 
described in co-pending U.S. application Ser. No. 09/366, 
190, filed Aug. 3, 1999 and titled “Tissue Stabilizer and 
Methods of Use". U.S. application Ser. No. 09/366,190 is 
hereby incorporated by reference in its entirety. 
0172 Referring now to FIG. 15A, another example of a 
heart contact member 700 is shown which uses negative 
preSSure to facilitate engagement of the Surface of the heart. 
Heart contact member 700 includes an extremely low profile 
member 20', which is substantially the same as contact 
member 20 described above, and like contact member 20, 
may be made from a sheet of StainleSS Steel for example. 
Low profile member 20' provides the structural stiffness for 
the heart contact member 700 and may include a pair of feet 
or contact members 22, which may be Substantially planar, 
or slightly curved to conform to the shape of the heart, or one 
or more may have a non-conforming curve. A compliant Seal 
704 extends from the bottom perimeter of the low profile 
member 20' (i.e., feet 22) and, when placed in contact with 
a tissue to be Stabilized, forms an enclosed space between 
the tissue and the low profile member 20' within which a 
negative preSSure can be applied, thereby Sealing the Sealing 
member 704 with the tissue. Compliant seal 704 may be 
fixed to the low profile member 20' by clamping, adhesives, 
or the like, or, in the example shown in FIG. 15A, the seal 
member 704 is molded with mechanical anchors 706 which 
are inserted through openings 24' in the low profile member 
20', thereby anchoring the seal 704 to the low profile 
member 20'. Additionally, the seal member 704 includes one 
or more vacuum inlets 708 (two in the example of FIGS. 
15A and 15B) into which vacuum lines are connected for 
application of vacuum to the Space defined by the Seal 
member 704. 

0173) In the example shown in FIG. 15A, a pair of 
vacuum lines 710 are connected to the heart contact member 
700, as noted above. It should further be noted that any of 
the arrangements employing negative pressure could be So 
connected, and that any alternative arrangements for Sup 
plying vacuum described herein can be applied to all nega 
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tive pressure embodiments of the present invention. Vacuum 
lines 710 run adjacent to the maneuverable arm 30 and may 
be maintained in position by Surrounding the maneuverable 
arm 30 and vacuum lines 710 with a flexible sleeve 760, 
which may be made of an elastomer, Such as Silicone or dip 
molded PVC, for example, or preferably of a material that 
has more axes of elasticity, Such as a knitted Lycra or 
SpandeX material having a four or six way Stretch. This 
maintains the vacuum lines 710 in a compact position 
against the sides of the links of the maneuverable arm 30, 
thereby ensuring that they do not obstruct the working Space 
available to the Surgeon. 
0.174 Alternatively, a central opening 770 may be pro 
vided and one or more vacuum lines (not shown) may be run 
internally of the links of maneuverable arm 30 to make and 
even more compact arrangement. These lines would exit in 
the vicinity of the distal most flexible link, or proximal to 
that and connect with the seal 704 in the manner described 
above. 

0.175. In some situations, an additional degree of stabili 
Zation or improved vessel presentation may be desired in the 
immediate vicinity of the target Site where the procedure, 
e.g., an anastomosis, is to be performed. FIG. 16A shows a 
secondary stabilization device 800 which is adapted to 
provide additional Stabilization to a region of tissue between 
the contact members of a primary Stabilization device which 
are already Stabilizing the general area Surrounding the 
target site. Although Secondary Stabilization device 800 is 
shown in use with a primary stabilization device 850 which 
has a solid linking member 852, it is noted that secondary 
stabilization device 800 may be utilized with any of the 
primary Stabilizers disclosed herein which include a multi 
link maneuverable arm 30. Still further, secondary stabili 
zation device 800 may be utilized with any primary stabi 
lization device dimensioned to allow acceSS by Secondary 
contact member 802, including those primary stabilization 
devices which apply negative pressure through the tissue 
contact members. 

0176) Secondary contact member 802, as shown, is sub 
Stantially oval shaped in a plane View but inclines or cants 
upwardly at its periphery in the Shape of a “cowboy hat', as 
can be ascertained by Viewing the Sectional representation in 
FIG. 16B. This configuration enables the lower interior 
surfaces 806 of the secondary contact member to extend 
downwardly and approximate the tissue immediate adjacent 
a target vessel 801 while allowing the lower exterior Sur 
faces 804 to contact the upper Surfaces of primary contact 
members 22. Thereby further stabilizing the secondary con 
tact member 802. 

0177 Although a mechanical secondary stabilization 
may be effected by Simply applying a force to the tissue with 
secondary contact member 802, the example shown in FIG. 
16A includes openingS 808 adapted to apply negative pres 
Sure to the tissue contacted by Secondary contact member 
802. Connecting member 810 extends from secondary con 
tact member 802 and is integrally formed therewith in this 
example, although a separate connecting member may be 
fluidly connected to Secondary contact member. Connecting 
member 810 and secondary contact member 802 form an 
enclosed chamber in which negative pressure can be devel 
oped. The proximal end of connecting member 810 (not 
shown) is connected to a Source of negative pressure. Upon 
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application of negative preSSure, openingS 808 Seal with the 
tissue, thereby drawing the tissue against the Secondary 
contact member 802 and performing the secondary stabili 
Zation function. 

0.178 Connecting member 810 may be clamped to a 
Sternal retractor or other relatively Stationary object to 
provide maximum rigidity or may be mounted to the pri 
mary Stabilization device for Simplicity or handheld. Open 
ingS 814 may be provided through the upper interior Sur 
faces 816 of secondary contact member 802 an connected 
through an internal manifold 820 to a lumen 818 which runs 
inside of connecting member 810 and is connected to a 
negative or positive pressure Source that is controllable 
independently of the negative pressure Source connected to 
openings 808. Thus, openings 814 may be controlled to 
provide positive pressure, acting as a blower to blow exceSS 
blood, fluids and/or other debris away from the target site. 
Alternatively, openings 814 may be controlled to provide 
negative pressure to Suction away fluids and debris from the 
target Site. 
0179 Secondary contact member 802 may be formed of 
a Substantially rigid polymer, Such as known in the medical 
arts, or StainleSS Steel, for example. In the example shown in 
FIG. 16A, connecting member 810 is integrally molded 
with secondary contact member 802, of the same material. 
After the anastomosis has been completed, Secondary con 
tact member may be cut at 822 or elsewhere to allow 
removal of the secondary stabilization member 800 from the 
target Site. Although not necessary, Secondary contact mem 
ber 802 may be pre-scored to facilitate the cutting. 
0180 While the present invention has been described 
with reference to the specific embodiments thereof, it should 
be understood by those skilled in the art that various changes 
may be made and equivalents may be Substituted without 
departing from the true Spirit and Scope of the invention. In 
addition, many modifications may be made to adapt a 
particular situation, material, composition of matter, pro 
ceSS, process Step or Steps, to the objective, Spirit and Scope 
of the present invention. All Such modifications are intended 
to be within the Scope of the claims appended hereto. 

That which is claimed is: 
1. A System for Stabilizing tissue comprising: 
a tissue contact member having a Surface adapted to 

contact the tissue and temporarily maintain the tissue in 
a relatively immobilized State; and 

a maneuverable arm attached to Said tissue contact mem 
ber, Said maneuverable arm including an articulating 
joint formed by a link having a male articulating 
Surface composed of angled teeth and a female articu 
lating Surface having angled trenches adapted to 
receive Said angled teeth, wherein Said articulating joint 
moves in one degree of freedom directed by Said angled 
teeth Sliding against Said angled trenches. 

2. The System of claim 1, wherein Said maneuverable arm 
comprises a plurality of Said articulating joints. 

3. The System of claim 1, further comprising a rotational 
joint formed by a link having a male articulating Surface and 
a link having a female articulating Surface, Said male and 
female articulating Surfaces being positioned for relative 
rotation in a plane perpendicular to a longitudinal axis of 
Said maneuverable arm. 
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4. The system of claim 3, wherein said maneuverable arm 
comprises at least two of Said articulating joints, at least one 
of Said articulating joints being positioned adjacent each side 
of Said rotational joint. 

5. The system of claim 4, wherein said rotational joint 
comprises a first rotational joint and Said tissue contact 
member is attached to a distal end of Said maneuverable arm, 
Said maneuverable arm further comprising a Second rota 
tional joint distally positioned adjacent Said at least one 
articulating joint positioned adjacent a distal Side of Said first 
rotational joint. 

6. The System of claim 4, further comprising a plurality of 
Said articulating joints positioned on each Side of Said 
rotational joint. 

7. The System of claim 6, wherein each Said articulating 
joint is rotatable in a plane perpendicular to Said plane of 
rotation of Said rotational joint. 

8. The system of claim 5, wherein said second rotational 
joint is formed by a component have a male articulating 
Surface and a component having a female articulating Sur 
face, Said male and female articulating Surfaces being posi 
tioned for relative rotation in a plane perpendicular to a 
longitudinal axis of Said maneuverable arm. 

9. The system of claim 8, wherein one of said components 
is a link having an articulating Surface at an end opposite to 
Said rotational joint articulating Surface which is composed 
of angled teeth or angled trenches for articulating with a link 
distally adjacent Said component, and wherein the other of 
Said components comprises a mount adapted to mount Said 
System to a fixed object. 

10. The system of claim 9, wherein said mount comprises 
a first mount portion integral with one of Said male and 
female articulating Surfaces of Said Second rotational joint, 
and a Second mount portion attached to a proximal side of 
Said first mount portion. 

11. The system of claim 10, wherein said second mount 
portion is pivotally attached to Said first mount portion, and 
is pivotable away from Said first mount portion to position 
the mount over a fixed object, or release the mount from the 
fixed object. 

12. The system of claim 10, wherein said second mount 
portion is pivotable toward Said first mount portion to fix 
Said mount on the fixed object. 

13. The system of claim 12, wherein said mount further 
comprises a locking mechanism adapted to lock Said Second 
mount portion to Said first mount portion in a closed position 
upon pivoting Said Second mount portion toward Said first 
mount portion, Said closed position being configured to lock 
Said mount on Said fixed object. 

14. The system of claim 13, wherein said fixed object is 
a Sternal retractor. 

15. The system of claim 14, wherein said first and second 
mount portions each further comprise a rail grip adapted to 
engage one side of a rail on Said Sternal retractor. 

16. The System of claim 13, wherein Said locking mecha 
nism comprises a living hinge formed in one of Said first and 
Second mount portions and a pin extending transversely on 
the other of Said first and Second mount portions, Said pin 
being adapted to Snap fit into Said living hinge. 

17. The system of claim 10, further comprising a cable 
passing internally through each of Said articulating joints, 
rotational joints and mount, Said cable being further attached 
to a tensioning mechanism proximally of Said mount. 
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18. The system of claim 17, wherein said tensioning 
mechanism comprises a Screw mechanism and a knob, Said 
Screw mechanism having a first threaded component having 
a first Set of threads and a Second threaded component 
having a Second Set of threads adapted to mate with Said first 
Set of threads, Said first threaded component being fixed to 
Said cable and Said knob being adapted to torque Said Second 
threaded component with respect to Said first threaded 
component. 

19. The system of claim 18, wherein said second threaded 
component comprises a torque limiter. 

20. The system of claim 19, wherein said torque limiter 
further comprises a unidirectional Slip clutch engaging Said 
knob, wherein Said knob positively engages Said torque 
member for unthreading Said Second Set of threads from Said 
first Set of threads, and positively engages Said torque limiter 
for threading Said Second Set of threads on Said first Set of 
threads until a predetermined amount of torque is required to 
further tension Said cable. 

21. The System of claim 20, wherein, upon reaching Said 
predetermined amount of torque during threading, Said 
torque limiter Slips with respect to Said knob. 

22. The system of claim 20, wherein said slip clutch 
comprises at least one fin extending from an outer Surface of 
Said Second threaded member at an angle to a line normal to 
a tangent line passing through the location from which Said 
fin extends, each Said fin adapted to engage a groove formed 
in an inner Surface of Said knob. 

23. The System of claim 17, wherein said cable comprises 
a stop member fixed to a distal end of Said cable, wherein, 
upon applying tension to Said cable with Said tensioning 
member, Said Stop member and Said tensioning member 
apply a compressive force to Said articulating joints and 
rotational joints, thereby locking every joint into an assumed 
orientation. 

24. The system of claim 17, wherein said cable comprises 
a stop member fixed to a distal end of Said cable and adapted 
to apply a compressive force to a distal end of Said maneu 
Verable arm when Said cable is placed under tension. 

25. The System of claim 24, further comprising a coupling 
mechanism linking Said Stop member to Said tissue contact 
member, Said coupling member adapted to lock said tissue 
contact member in an assumed position when Said cable is 
placed under tension. 

26. The System of claim 25, wherein Said coupling mecha 
nism includes a ball member fixed to Said tissue contact 
member and a Socket member rotatably joined with Said Stop 
member and adapted to receive Said ball member to form a 
ball joint. 

27. The system of claim 25, wherein said socket member 
includes a slot through a side wall thereof, Said slot termi 
nating in an enlarged opening dimensioned to permit Said 
ball member to pass therethrough. 

28. The System of claim 26, wherein Said coupling mecha 
nism further comprises a coupling link having arms adapted 
to lock with Said Socket member, and an upper abutment 
Surface adapted to abut Said Stop member. 

29. The system of claim 28, wherein said coupling link is 
a first coupling link and Said coupling mechanism further 
comprises a Second coupling link having driving Surfaces 
adapted to contact a distal most link of a distal most 
articulating joint of Said maneuverable arm, said Second 
coupling link further including a lower abutment Surface 
adapted to abut an upper portion of Said ball member, 
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wherein, upon tensioning of Said cable, Said stop member 
drawS Said first coupling link and Said Socket member in a 
proximal direction, whereby Said Socket member com 
preSSes Said ball member against Said lower abutment Sur 
face. 

30. The system of claim 17, further comprising a flexible 
sleeve positioned over Said articulating joints and Said 
rotational joints. 

31. The system of claim 30, wherein said flexible sleeve 
comprises an elastomer. 

32. The system of claim 30, wherein said flexible sleeve 
comprises silicone or dip molded PVC. 

33. The system of claim 30, wherein said flexible sleeve 
comprises a material having a four or six way Stretch. 

34. The system of claim 33, wherein said flexible sleeve 
comprises LYCRA or SPANDEX. 

35. The system of claim 1, wherein said maneuverable 
arm is rotationally attached, at a distal end thereof to Said 
tissue contact member. 

36. The system of claim 35, wherein said tissue contact 
member is rotatable in three degrees of freedom with respect 
to Said distal end of Said maneuverable arm. 

37. The system of claim 36, further comprising a locking 
mechanism for locking Said tissue contact member with 
respect to Said maneuverable arm in Virtually any position to 
which Said tissue contact member may be maneuvered when 
in an unlocked State. 

38. The system of claim 37, wherein said locking mecha 
nism simultaneously locks said maneuverable arm in Virtu 
ally any position to which said maneuverable arm may be 
maneuvered when in an unlocked State. 

39. The system of claim 1, wherein said tissue contact 
member comprises a pair of feet eXtending Substantially 
parallel to one another and adapted to Straddle a target Site 
on the tissue. 

40. The system of claim 39, wherein said pair of feet 
extend from a common base portion, Said common base 
portion being angled away from a plane in which Said feet 
Substantially extend. 

41. The system of claim 39, further comprising a ball 
member linked to Said common base portion with a post, 
Said ball member being adapted to form a ball joint at Said 
distal end of Said maneuverable arm. 

42. The system of claim 39, wherein each of said feet has 
a frictional Surface adapted to contact the tissue. 

43. The system of claim 39, wherein each said foot 
comprises a thin compliant Seal extending around a perim 
eter of a bottom surface of the respective foot. 

44. The system of claim 43, wherein each said compliant 
Seal has a tapering thickness, wherein Said thickness is 
greater adjacent Said bottom Surface of Said foot and tapers 
thinner in a direction extending away from Said bottom 
Surface. 

45. The system of claim 43, wherein each said foot has a 
proximal end and a distal end and each Said Seal has a 
tapering length, Said length measuring a distance that Said 
Seal extends away from Said bottom Surface of the respective 
foot. 

46. The system of claim 45, wherein said length of each 
Said Seal is greater near Said proximal end of Said foot than 
near Said distal end of Said foot. 

47. The system of claim 43, wherein each said seal 
comprises SOFTFLEX. 
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48. The system of claim 39, wherein said tissue contact 
member further comprises a manifold base interconnected 
with Said pair of feet, Said manifold base being Substantially 
hollow and having a pair of fittings extending therefrom, 
Said feet being mounted on Said fittings. 

49. The system of claim 48, wherein each fitting has an 
opening therethrough which fluidly connects Said respective 
foot with said manifold base. 

50. The system of claim 48, wherein each said foot is 
independently rotatable about Said respective fitting. 

51. The system of claim 49, wherein each said foot has a 
hollow interior defining a vacuum chamber, each Said 
Vacuum chamber having a first opening adapted to engage at 
least a portion of Said tissue and a Second opening fluidly 
coupled with Said opening through Said respective fitting. 

52. The system of claim 51, wherein said vacuum cham 
ber further comprises channels formed on an upper interior 
Surface of each said foot. 

53. The system of claim 52, wherein said channels are 
aligned Substantially parallel to one another and extend in a 
direction from Said proximal end to Said distal end of Said 
foot. 

54. The system of claim 53, further comprising a deep 
channel near Said distal end of each Said foot, Said deep 
channel fluidly communicating with Said opening through 
Said fitting, respectively. 

55. The system of claim 53, wherein each said foot 
comprises a thin compliant Seal extending around a perim 
eter of a bottom Surface of the respective foot and integrally 
molded in a pair of Said channels nearest Said perimeter. 

56. The system of claim 48, wherein each said foot has an 
asymmetrical transverse croSS-Section, a portion of Said 
cross-section further from the other of said feet being thicker 
than a portion nearer to the other of Said feet, to provide 
more available Space between Said feet. 

57. The system of claim 53, further comprising a porous 
filter covering at least a portion of Said channels 

58. The system of claim 57, wherein each said foot 
comprises a thin compliant Seal extending around a perim 
eter of a bottom Surface of the respective foot and Said 
porous filter is integrally molded with Said thin compliant 
Seal, respectively. 

59. The system of claim 55, wherein each said seal is 
provided with one or more grooves to further enhance the 
flexibility of said seal. 

60. The system of claim 49, wherein each said fitting has 
an enlarged lip and Said feet are adapted to Snap fit over Said 
enlarged lips, thereby Substantially Sealing Said feet with 
Said fittings without the need for an O-ring or other addi 
tional Sealing member therebetween. 

61. The system of claim 48, further comprising a third 
fitting extending from Said manifold base, Said third fitting 
an opening therethrough which is adapted to connect Said 
manifold base with a vacuum Source. 

62. The System of claim 61, further comprising a rotatable 
fitting adapted to Snap fit over Said third fitting, Said rotatable 
fitting further comprising an inlet tube configured for con 
necting with a vacuum line, whereby the vacuum line is 
rotatably mounted to Said manifold base. 

63. The system of claim 39, wherein said pair of feet 
extend from a common base portion, and a ball member is 
linked to Said common base portion with a post, Said ball 
member being adapted to form a ball joint at Said distal end 
of Said maneuverable arm. 



US 2004/0171917 A1 

64. The system of claim 63, wherein each of said pair of 
feet comprises an extremely low profile Structural member 
and a thin compliant Seal extending from a bottom perimeter 
of Said Structural member. 

65. The system of claim 64, wherein each said thin 
compliant Seal comprises a vacuum inlet adapted to connect 
with a vacuum line. 

66. The system of claim 64, wherein said extremely low 
profile Structural member is formed from a sheet of StainleSS 
Steel. 

67. A maneuverable arm adapted to position a Surgical 
tool mounted at a distal end thereof in a variety of orienta 
tions, Said maneuverable arm comprising: 

at least one articulating joint formed by a link having a 
male articulating Surface composed of angled teeth and 
a female articulating Surface having angled trenches 
adapted to receive Said angled teeth, wherein Said 
articulating joint moves in one degree of freedom 
directed by Said angled teeth Sliding against Said angled 
trenches. 

68. The maneuverable arm of claim 67, wherein said 
trenches have an aspect ratio of at least about 1:2. 

69. The maneuverable arm of claim 68, wherein said 
aspect ration of Said trenches is about 1:1. 

70. The maneuverable arm of claim 67, wherein said teeth 
have an aspect ratio of at least about 1:2. 

71. The maneuverable arm of claim 70, wherein said 
aspect ration of Said teeth is about 1:1. 

72. The maneuverable arm of claim 67, wherein said at 
least one articulating joint comprises a plurality of Said 
articulating joints. 

73. The maneuverable arm of claim 72, further compris 
ing a cable extending internally through each of Said articu 
lating joints, Said cable having a stop member at a distal end 
thereof, Said maneuverable arm further comprising an 
anchor fixed to a proximal end of Said cable, wherein each 
of Said articulating joints are Sequentially held together in 
approximation by Said cable, Stop member and anchor. 

74. The maneuverable arm of claim 73, further compris 
ing a mount adjacent a proximal most of Said articulating 
joints, Said cable passing through Said mount and Said mount 
being approximated with Said articulating joints by Said 
anchor. 

75. The maneuverable arm of claim 73, further compris 
ing a rotational joint formed by a link having a male 
articulating Surface and a link having a female articulating 
Surface, Said male and female articulating Surfaces being 
positioned for relative rotation in a plane perpendicular to a 
longitudinal axis of Said maneuverable arm. 

76. The maneuverable arm of claim 75, wherein said 
rotational joint is positioned between a pair of Said articu 
lating joints. 

77. The maneuverable arm of claim 76, wherein said link 
of Said rotational joint having a male articulating Surface has 
an articulating Surface at an opposite end thereof which 
comprises trenches or teeth for articulating with Said adja 
cent articulating joint, and wherein Said link of Said rota 
tional joint having a female articulating Surface has an 
articulating Surface at an opposite end thereof which com 
prises trenches or teeth for articulating with Said adjacent 
articulating joint. 

78. The maneuverable arm of claim 75, wherein said 
rotational joint is positioned as an end joint of Said maneu 
verable arm. 
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79. The maneuverable arm of claim 74, further compris 
ing a rotational joint formed by a link having a male 
articulating Surface and a link having a female articulating 
Surface, Said male and female articulating Surfaces being 
positioned for relative rotation in a plane perpendicular to a 
longitudinal axis of Said maneuverable arm. 

80. The maneuverable arm of claim 79, wherein said 
rotational joint is positioned between a pair of Said articu 
lating joints. 

81. The maneuverable arm of claim 80, wherein said link 
of Said rotational joint having a male articulating Surface has 
an articulating Surface at an opposite end thereof which 
comprises trenches or teeth for articulating with Said adja 
cent articulating joint, and wherein Said link of Said rota 
tional joint having a female articulating Surface has an 
articulating Surface at an opposite end thereof which com 
prises trenches or teeth for articulating with Said adjacent 
articulating joint. 

82. The maneuverable arm of claim 79, wherein said 
rotational joint is positioned between a proximal most one of 
Said articulating links and Said mount, and wherein Said male 
or female articulating Surface of Said rotational joint is 
integral with Said mount. 

83. The maneuverable arm of claim 82, wherein said male 
articulating Surface of Said rotational joint is integral with 
Said mount. 

84. The maneuverable arm of claim 79, wherein said 
rotational joint is positioned as an end joint of Said maneu 
verable arm. 

85. The system of claim 74, wherein said mount com 
prises a first mount portion adjacent Said proximal most of 
Said articulating joints, and a Second mount portion attached 
to a proximal side of Said first mount portion. 

86. The system of claim 85, wherein said second mount 
portion is pivotally attached to Said first mount portion, and 
is pivotable away from Said first mount portion to position 
the mount over a fixed object, or release the mount from the 
fixed object. 

87. The system of claim 85, wherein said second mount 
portion is pivotable toward Said first mount positioned to fix 
Said mount on the fixed object. 

88. The system of claim 87, wherein said mount further 
comprises a locking mechanism adapted to lock Said Second 
mount portion to Said first mount portion in a closed position 
upon pivoting Said Second mount portion toward Said first 
mount portion, Said closed position being configured to lock 
Said mount on Said fixed object. 

89. The system of claim 88, wherein said fixed object is 
a Sternal retractor. 

90. The system of claim 89, wherein said first and second 
mount portions each further comprise a rail grip adapted to 
engage one Side of a rail on Said Sternal retractor. 

91. The system of claim 88, wherein said locking mecha 
nism comprises a living hinge formed in one of Said first and 
Second mount portions and a pin extending transversely on 
the other of Said first and Second mount portions, Said pin 
being adapted to Snap fit into Said living hinge. 

92. The system of claim 74, further comprising a tension 
ing mechanism connected proximally of Said mount, 
wherein Said tensioning mechanism comprises a Screw 
mechanism and a knob, Said Screw mechanism having a first 
threaded component having a first Set of threads and a 
Second threaded component having a Second Set of threads 
adapted to mate with Said first Set of threads, Said first 
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threaded component being fixed to Said cable and Said knob 
being adapted to torque Said Second threaded component 
with respect to Said first threaded component. 

93. The system of claim 92, wherein said second threaded 
component comprises a torque limiter. 

94. The system of claim 93, wherein said torque limiter 
further comprises a unidirectional Slip clutch engaging Said 
knob, wherein Said knob positively engages Said torque 
member for unthreading Said Second Set of threads from Said 
first Set of threads, and positively engages Said torque limiter 
for threading Said Second Set of threads on Said first Set of 
threads until a predetermined amount of torque is required to 
further tension Said cable. 

95. The system of claim 94, wherein, upon reaching said 
predetermined amount of torque during threading, said 
torque limiter Slips with respect to Said knob. 

96. The system of claim 94, wherein said slip clutch 
comprises at least one fin extending from an outer Surface of 
Said Second threaded member at an angle to a line normal to 
a tangent line passing through the location from which said 
fin extends, each Said fin adapted to engage a groove formed 
in an inner Surface of Said knob. 

97. The system of claim 92, wherein, upon applying 
tension to Said cable with Said tensioning member, Said Stop 
member and Said tensioning member apply a compressive 
force to Said maneuverable arm, thereby locking every joint 
into an assumed orientation. 

98. A tensioning mechanism for applying tension to a 
cable passing through a maneuverable Surgical instrument 
having at least one articulating joint through which the cable 
passes, Said tensioning mechanism comprising a Screw 
mechanism and a knob, Said Screw mechanism having a first 
threaded component having a first Set of threads and a 
Second threaded component having a Second Set of threads 
adapted to mate with Said first Set of threads, Said first 
threaded component being fixed to Said cable and Said knob 
being adapted to torque Said Second threaded component 
with respect to Said first threaded component. 

99. The mechanism of claim 98, wherein said second 
threaded component comprises a torque limiter. 

100. The mechanism of claim 98, wherein said torque 
limiter further comprises a unidirectional Slip clutch engag 
ing Said knob, wherein Said knob positively engages Said 
torque member for unthreading Said Second set of threads 
from Said first Set of threads, and positively engages said 
torque limiter for threading Said Second Set of threads on Said 
first Set of threads until a predetermined amount of torque is 
required to further tension Said cable. 

101. The mechanism of claim 100, wherein, upon reach 
ing Said predetermined amount of torque during threading, 
Said torque limiter Slips with respect to Said knob. 

102. The mechanism of claim 100, wherein said slip 
clutch comprises at least one fin extending from an outer 
Surface of Said Second threaded member at an angle to a line 
normal to a tangent line passing through the location from 
which said fin extends, each said fin adapted to engage a 
groove formed in an inner Surface of Said knob. 

103. The mechanism of claim 98, wherein, upon torquing 
Said Second threaded component with respect to Said first 
threaded component, Said cable is drawn under tension. 

104. A device for stabilizing tissue within a patient's body 
comprising: 

a manifold base having a Substantially hollow interior 
adapted to be develop a negative pressure therein; 
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at least one tissue contact member extending outwardly 
from Said manifold base and being fluidly connected 
there with, each of Said at least one tissue contact having 
a thin compliant Seal extending around a perimeter of 
a bottom Surface of the contact member. 

105. The device of claim 104, wherein each said tissue 
contact member is rotatable with respect to Said manifold 
base. 

106. The device of claim 105, wherein each said tissue 
contact member is independently rotatable with respect to 
Said manifold base. 

107. The device of claim 104, wherein each said tissue 
contact member has a hollow interior defining a vacuum 
chamber, each said vacuum chamber having a first opening 
adapted to engage at least a portion of the tissue and a Second 
opening fluidly coupled with Said manifold base. 

108. The device of claim 104, wherein said manifold base 
comprises a fitting extending therefrom for each respective 
tissue contact member, each Said fitting having an opening 
therethrough to fluidly connect Said respective tissue contact 
member to said manifold base. 

109. The device of claim 108, wherein each said fitting 
has an enlarged lip and Said tissue contact members are 
adapted to Snap fit over Said enlarged lips, thereby Substan 
tially Sealing Said tissue contact members with Said fittings 
without the need for an O-ring or other additional Sealing 
member therebetween. 

110. The device of claim 107, wherein each said vacuum 
chamber further comprises channels formed on an upper 
interior Surface of each Said tissue contact member. 

111. The device of claim 110, wherein said channels are 
aligned Substantially parallel to one another and extend in a 
direction from Said proximal end to Said distal end of Said 
tissue contact member. 

112. The device of claim 111, further comprising a deep 
channel near Said distal end of each said tissue contact 
member, each Said deep channel fluidly communicating with 
Said manifold base. 

113. The device of claim 104, wherein said at least one 
tissue contact member comprises a pair of tissue contact 
members extending Substantially parallel to one another 
from said manifold base. 

114. The device of claim 104, wherein each said compli 
ant Seal has a tapering thickness, wherein Said thickness is 
greater adjacent Said bottom Surface of Said tissue contact 
member and tapers thinner in a direction extending away 
from Said bottom Surface. 

115. The device of claim 104, wherein each said tissue 
contact member has a proximal end and a distal end and each 
Said Seal has a tapering length, Said length measuring a 
distance that Said Seal extends away from Said bottom 
Surface of the respective tissue contact member. 

116. The device of claim 115, wherein said length of each 
Said Seal is greater near Said proximal end of Said tissue 
contact member than near Said distal end of Said tissue 
contact member. 

117. The system of claim 104, wherein each said seal 
comprises SOFTFLEX. 

118. The device of claim 104, wherein each said tissue 
contact member has an asymmetrical transverse croSS-Sec 
tion, a portion of Said cross-section contemplated to be 
further from a target site on the tissue being thicker than a 
portion contemplated to be nearer to the target Site, to 
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provide rigidity to the tissue contact member as well as more 
available Space near the target Site. 

119. The device of claim 110, further comprising a porous 
filter covering at least a portion of Said channels. 

120. The device of claim 119, each said porous filter is 
integrally molded with each Said thin compliant Seal, respec 
tively. 

121. The device of claim 104, wherein each said seal is 
provided with one or more grooves to further enhance the 
flexibility of said seal. 

122. The device of claim 104, further comprising a 
Vacuum inlet mounted to Said manifold base, wherein Said 
Vacuum inlet is rotatable with respect to Said manifold base. 

123. The device of claim 122, wherein said vacuum 
extends from a rotatable fitting adapted to Snap fit over a 
Vacuum inlet fitting extending from Said manifold base, Said 
rotatable fitting being rotatable with respect to Said manifold 
base and Said vacuum inlet being configured for connecting 
with a vacuum line. 

124. The device of claim 104, further comprising a post 
having a distal end and a proximal end, Said distal end 
connected to Said manifold base and Said proximal end 
terminated in a ball-shaped member. 

125. The device of claim 104, wherein each said tissue 
contact member comprises an extremely low profile Struc 
tural member and a thin compliant Seal extending from a 
bottom perimeter of Said structural member. 

126. The device of claim 125, wherein each said thin 
compliant Seal comprises a vacuum inlet adapted to connect 
with a vacuum line. 

127. The device of claim 125, wherein said extremely low 
profile Structural member is formed from a sheet of StainleSS 
Steel. 

128. A device for providing additional stabilization to 
tissue already in contact with a primary Stabilization mem 
ber, Said device comprising: 

at least one tissue contact member adapted to be placed on 
the tissue in an area bounded by primary tissue contact 
members, and 

a connecting member extending from Said at least one 
tissue contact member and adapted to be hand held or 
fixed to a relatively immovable object. 

129. The device of claim 128, wherein said at least one 
tissue contact member comprises a base member having a 
central opening therethrough, Said central opening adapted 
to allow access to a target Site on the tissue. 

130. The device of claim 129, wherein said base member 
is Substantially oval-shaped. 

131. The device of claim 130, wherein said oval-shaped 
member cants upwardly around an outer perimeter thereof in 
the shape of a cowboy hat. 

132. The device of claim 129, wherein said base member 
has a Substantially hollow interior adapted to develop a 
negative pressure therein. 

133. The device of claim 132, wherein said connecting 
member fluidly connects with said substantially hollow 
interior and is adapted to be connected to a Source of 
negative pressure. 

134. The device of claim 132, wherein said base member 
further comprises openings through a bottom Surface 
thereof, Said openings being fluidly connected with Said 
Substantially hollow interior and adapted to apply a negative 
preSSure to the tissue. 
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135. The device of claim 134, wherein said base member 
further comprises openings through an upper Surface 
thereof, Said openings through Said upper Surface being 
fluidly connected with a lumen that is connectable with a 
Source of preSSure that is independent of a preSSure in Said 
substantially hollow interior of said base member. 

136. The device of claim 135, wherein said lumen runs 
inside of Said connecting member. 

137. The device of claim 135, further comprising a 
manifold mounted inside said base member and fluidly 
connecting Said lumen with Said openings through Said 
upper Surface. 

138. A system for stabilizing tissue within a patient's body 
comprising: 

a primary tissue contact member having at least a pair of 
primary contact members adapted to contact the tissue 
and Straddle a target Site thereon; 

a primary connecting member extending from Said pri 
mary tissue contact member, Said connecting member 
adapted to be fixed to a relatively stationary object to 
impart added Stability to Said primary tissue contact 
member; 

a Secondary tissue contact member adapted to be placed 
on the tissue in an area Straddled by Said primary 
contact members, and 

a secondary connecting member extending from Said 
Secondary tissue contact member and adapted to be 
hand held or fixed to a relatively immovable object. 

139. A method of stabilizing tissue at a location of a target 
Site at which an operative procedure is to be performed, 
while tissue outside of the location remains in motion, Said 
method comprising: 

contacting the tissue in the vicinity of the location with a 
primary Stabilizing instrument to Stabilize the general 
vicinity of the location; and 

contacting the tissue in a location between the location 
where the primary Stabilizing instrument contacts the 
tissue and the target Site, to further Stabilize the target 
Site. 

140. The method of claim 139, further comprising fixing 
Said primary Stabilizing instrument to a relatively immov 
able object after Said contacting the tissue. 

141. The method of claim 140, further comprising fixing 
Said Secondary Stabilizing instrument to a relatively immov 
able object after Said contacting the tissue therewith. 

142. The method of claim 141, wherein said primary and 
Secondary Stabilizing instruments are both fixed to a Sternal 
retractOr. 

143. The method of claim 140, further comprising fixing 
Said Secondary Stabilizing instrument to Said primary Stabi 
lizing instrument after Said fixing the primary Stabilizing 
instrument and Said contacting the tissue with the Secondary 
Stabilizing instrument. 

144. The method of claim 140, further comprising fixing 
Said Secondary Stabilizing instrument by hand holding the 
Secondary Stabilizing instrument. 


