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(57) ABSTRACT 

The invention provides an apparatus for performing surgery 
on a heart of a patient comprising a ?rst arm, a second arm 

and an actuator, the actuator moving the ?rst arm relative to 
the second arm. The apparatus further includes a ?rst blade 
on the ?rst arm and a second blade on the second arm, the 

?rst and second blades having ?rst and second surfaces 
facing aWay from each other, the ?rst and second surfaces 
being adapted to atraumatically engage tissue or bone for the 
retraction thereof. The apparatus also includes a stabilizer 
adapted to be mounted to one of the ?rst and second arms 
and having a foot, the foot being con?gured to atraumati 
cally engage the surface of the heart. In a various embodi 
ments, the apparatus includes removable blades mounted to 
the arms, suture stays removably mounted to the arms, and 
multiple rails for mounting the stabilizer in various posi 
tions. 
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APPARATUS AND METHODS FOR OFF-PUMP 
CARDIAC SURGERY 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to surgical 
instruments, and more speci?cally to retractors and instru 
ments for performing heart surgery. 

BACKGROUND OF THE INVENTION 

[0002] In conventional heart surgery, an incision is made 
in the chest, either through the sternum (a median sterno 
tomy) or betWeen the ribs (a thoracotomy) in order to gain 
access into the chest cavity. Aretractor is placed in the chest 
incision Which alloWs the chest bones and tissue to be spread 
apart to create a Wide opening. Surgical instruments are then 
placed through this opening to perform surgery on the heart. 

[0003] One of the most common types of heart surgery is 
coronary artery bypass grafting, or CABG. In CABG, a 
blockage in one or more coronary arteries is bypassed by 
connecting a graft vessel to the coronary artery doWnstream 
of the blockage. The technique of connecting the graft vessel 
to the coronary artery is knoWn as anastomosis. The graft 
vessel may be a mammary artery dissected from the chest 
Wall, Wherein the upstream end of the artery is left intact and 
the doWnstream end is attached to the coronary artery. 
Alternatively, the graft vessel may be a section of artery or 
vein from elseWhere in the patient’s body, or an arti?cial 
vascular graft, Wherein the upstream end of the graft is 
attached to an artery such as the aorta, and the doWnstream 
end is connected to the coronary artery. In this Way, multiple 
coronary artery blockages at various locations on the front, 
side or back of the heart may be bypassed using multiple 
graft vessels. 

[0004] Conventionally, CABG is performed With the heart 
stopped, While the patient is supported on cardiopulmonary 
bypass, Whereby the patient’s blood is circulated by means 
of an extracorporeal pump and oxygenation system. In 
certain cases, hoWever, CABG may be performed With the 
heart beating in a technique knoWn as “beating heart” or 
“off-pump” coronary artery bypass (OPCAB), alloWing car 
diopulmonary bypass to be avoided. In OPCAB, the surface 
of the heart near the anastomosis site on the coronary artery 
is stabiliZed using a specialiZed instrument While the heart 
continues to beat. This local stabiliZation keeps the anasto 
mosis site as motionless as possible While the graft vessel is 
connected to the coronary artery. The coronary artery is 
temporarily occluded or a temporary shunt is inserted into 
the coronarv artery during the anastomosis to keep the site 
free of blood. 

[0005] The basic functions required in an OPCAB proce 
dure include sternal or rib retraction, heart manipulation, 
heart stabiliZation, pericardial retraction, coronary traction 
and hemostasis. Sternal retraction involves prying apart the 
opposing halves of the divided sternum to open the chest 
cavity. Heart manipulation entails moving, turning or lifting 
the heart in order to access coronary arteries on the front, 
back or sides of the heart. Heart stabiliZation is the process 
of stabiliZing the surface of the beating heart near the 
anastomosis site to alloW the anastomosis to be performed. 
Pericardial retraction is used to pull the incised pericardium 
out of the Way for better access to the heart. Coronary 
retraction involves placing a suture or silastic under the 
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coronary arteries near the anastomosis site and exerting 
traction on the suture or silastic so as to better expose the 

coronary artery. This traction may also serve to occlude the 
coronary artery above and beloW the anastomosis site to 
provide hemostasis. In some cases, a temporary shunt may 
be inserted through an arteriotomy in the coronary artery to 
alloW blood to How past the anastomosis site during the 
procedure. 

[0006] While surgeons have performed OPCAB surgery 
for a number of years using conventional instruments, in 
recent years, specially-designed instruments have been 
introduced to facilitate OPCAB. HoWever, such instruments 
have suffered from certain draWbacks. For example, com 
mercially available OPCAB systems frequently do not alloW 
the surgeon a suf?cient range of positions and degrees of 
freedom in positioning the stabiliZing instrument and other 
devices utiliZed in the procedure. In addition, some com 
mercially available OPCAB systems are disposable in major 
part or in their entirety, thus requiring the disposal of one 
system and the purchase of a neW system each time a 
procedure is performed. On the other hand, entirely reusable 
systems frequently fail to provide the means to perform all 
of the required OPCAB functions described above, or are 
inferior in their performance of such functions. 

[0007] What is needed therefore, is a system for perform 
ing OPCAB Which facilitates sternal retraction, heart stabi 
liZation, pericardial retraction, coronary traction, and heart 
manipulation While the heart is beating. The system should 
provide maximum ?exibility and degrees of freedom for 
positioning the heart stabiliZing instrument and other com 
ponents of the system. The system should have a minimum 
number of disposable components, and should be simple to 
use and cost-effective. The system should have the ?exibility 
for use in either a sternotomy or a thoracotomy, and should 
be useful in both OPCAB surgery as Well as other forms of 
cardiac surgery, With and Without the heart beating. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides systems for per 
forming OPCAB and other types of cardiac surgery Which 
overcome many of the draWbacks of current devices. The 
system provides additional degrees of freedom and ranges of 
position than currently available devices. The invention 
enables sternal or rib retraction, pericardial retraction, heart 
manipulation, coronary traction, and heart stabiliZation 
using a single integrated system. While providing such 
functionality, the systems of the invention preferably utiliZe 
an entirely reusable retraction platform, thereby eliminating 
the Waste and cost associated With some current systems. 

[0009] In a ?rst embodiment, the invention provides an 
apparatus for performing surgery on a heart of a patient 
comprising a ?rst arm, a second arm and an actuator, the 
actuator moving the ?rst arm relative to the second arm. The 
apparatus further includes a ?rst blade on the ?rst arm and 
a second blade on the second arm, the ?rst and second blades 
having ?rst and second surfaces facing aWay from each 
other, the ?rst and second surfaces being adapted to atrau 
matically engage tissue or bone for the retraction thereof. 
The apparatus also includes a stabiliZer adapted to be 
mounted to one of the ?rst and second arms and having a 
foot, the foot being con?gured to atraumatically engage the 
surface of the heart. In a preferred embodiment, the ?rst and 
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second blades are removably coupled to the ?rst and second 
arms Whereby the ?rst and second blades may be removed 
and replaced With alternate blades. The ability to quickly and 
easily remove and replace blades alloWs the surgeon to 
select the ideal blade for the particular patient and procedure 
being performed. The apparatus of the invention thus alloWs 
blades of various siZe, shape, and material to be inter 
changed. Preferably, the arms and blades are a biocompat 
ible metal so as to be resteriliZable and reusable, but 
alternatively either or both could be made of plastic or other 
suitable material and could be individually packaged and 
steriliZed for single use. 

[0010] In a second embodiment, the apparatus of the 
invention has a receptacle on at least one of the ?rst and 
second arms. A suture stay is removably mounted to the 
receptacle, thus alloWing sutures for pericardial retraction or 
for other purposes to be positioned in the suture stay and 
retained therein during a procedure. Preferably. the suture 
stay is plastic or other disposable material, alloWing the 
suture stay to be removed from the receptacle and discarded 
after use. Usually, the suture stay Will accomodate a plurality 
of individual sutures, and/or the arms include a plurality of 
receptacles to accomodate multiple suture stays. In an eXem 
plary embodiment, the receptacle comprises a cavity in the 
arm adapted to receive the suture stay. A retention mecha 
nism is provided on the suture stay and/or on the arm to 
releasably retain the suture stay in the cavity. 

[0011] The suture stay preferably comprises a body having 
an inner edge and an outer edge and retention structure on 
the body for retaining the body on a blade of the surgical 
retractor. At least one channel eXtends through the body 
from the inner edge to the outer edge and is adapted to 
removably receive a suture therein. Additionally, a clamp is 
coupled to the body adjacent to the channel and is adapted 
to releasably retain the suture in the channel. Usually, the 
suture stay Will be placed in a bag, pouch or other container 
and steriliZed separately from the arms and other compo 
nents of the apparatus. 

[0012] In a further embodiment, an apparatus for perform 
ing surgery on a heart of a patient comprises a rack, a ?rst 
arm and a second arm mounted to the rack, the ?rst arm 
being movable relative to the rack and relative to the second 
arm. A ?rst blade is mounted to the ?rst arm and a second 
blade is mounted to the second arm, the ?rst and second 
blades having ?rst and second surfaces facing aWay from 
each other, the ?rst and second surfaces being adapted to 
atraumatically engage tissue or bone for the retraction 
thereof. A ?rst rail is disposed on the ?rst arm, a second rail 
is disposed on the second arm, and a third rail is disposed on 
the rack. The apparatus further includes a stabiliZer adapted 
to be coupled to any one of the ?rst rail, second rail or third 
rail, the stabiliZer having a foot, the foot being con?gured to 
atraumatically engage the surface of the heart. 

[0013] The invention further provides a stabiliZing device 
for stabiliZing a site on an outer surface of a patient’s heart 
to facilitate surgery thereon. In one embodiment, the stabi 
liZing device comprises a shaft, a foot coupled to the shaft 
having a contact surface for atraumatically engaging the 
outer surface of the heart, and a mount having a ?rst 
coupling for attachment to a chest retractor, a second cou 
pling for attachment to the shaft, a ?rst movable joint 
interconnected betWeen the ?rst and second couplings, and 
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a second movable joint interconnected betWeen the ?rst joint 
and the second coupling. Preferably, each of the ?rst and 
second joints is movable about at least tWo aXes of rotation. 
For eXample, the ?rst and second joints may comprise 
spherical joints or ball-in-socket joints. In one embodiment, 
the ?rst joint comprises a ?rst hemispherical member cen 
tered on a ?rst aXis and the second joint comprises a second 
hemispherical member centered on a second aXis, the ?rst 
and second aXes being non-parallel, and preferably being 
generally perpendicular. 
[0014] A further understanding of the nature and advan 
tages of the invention may be realiZed by reference to the 
remaining portion of the speci?cation and the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a perspective vieW of a retraction and 
stabiliZation system according to the invention. 

[0016] FIG. 2 is a partial perspective vieW of a retractor 
in the system of FIG. 1 shoWing a back side thereof. 

[0017] FIG. 3 is an assembly vieW of a stationary arm and 
a movable arm in the system of FIG. 1. 

[0018] FIGS. 4A-B are top perspective and bottom per 
spective vieWs, respectively, of a suture stay in the system of 
FIG. 1. 

[0019] FIG. 5 is a perspective vieW of a stabiliZer and 
mounting base mounted to an arm in the system of FIG. 1. 

[0020] FIGS. 6-8 are front, side and top vieWs, respec 
tively, of the stabiliZer and mounting base of FIG. 5. 

[0021] FIG. 9 is a side cross-section through the mounting 
base of FIG. 5. 

[0022] FIG. 10 is a front cross-section through the mount 
ing base of FIG. 5. 

[0023] FIG. 11 is a perspective vieW of the system of FIG. 
1 in position in an incision in a patient’s chest. 

[0024] FIG. 12A is a prespective vieWs of a further 
embodiment of a stabiliZer according to the invention. 

[0025] FIG. 12B is a perspective assembly vieW of a distal 
portion of the stabiliZer of FIG. 12A. 

[0026] FIG. 13 is a perspective vieW of a stabiliZer and 
bloWer according to the invention. 

[0027] FIGS. 14A-C are perspective, top and side vieWs, 
respectively, of a heart retractor according to the invention. 

[0028] FIGS. 15A-15B are perspective and side vieWs, 
respectively, of a vascular clamp holder according to the 
invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0029] A system for performing cardiac surgery according 
to the invention includes a retractor for retraction of a 
stemotomy or thorocotomy. The retractor has a pair of arms 
movable toWard and aWay from each other and a pair of 
blades mounted to the arms Which may be placed in a chest 
incision. The blades have contact surfaces facing aWay from 
each other Which engage the opposing sides of the incision 
to alloW retraction thereof. The arms preferably are mounted 
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to a rack having a plurality of teeth, and at least one of the 
arms has a pinion gear Which engages the teeth on the rack 
to facilitate movement of one arm relative to the other. In 
other embodiments, a cable-drive mechanism may be used 
rather than a rack and pinion, or the arms may be mounted 
directly to each other or to a third member by a rotational 
joint. 
[0030] In a preferred embodiment, a rail is disposed on 
each arm of the retractor, and, if the tWo arms are connected 
to a rack, a rail is also disposed on the rack. Various 
accessory components may be coupled to the rails, including 
heart stabiliZers, heart retractors and manipulators, CO2 
bloWers, irrigators, suction devices, vascular clamps, light 
ing devices, catheters, and other devices. The rails are 
con?gured to alloW slidable movement of such accessories 
components along the arms to a selected position. 

[0031] The system of the invention Will further include a 
stabiliZer for stabiliZing a surface of the heart. The stabiliZer 
mounts to the retractor at any of various locations, prefer 
ably to one of the rails on the arms or rack of the retractor. 
The stabiliZer includes a shaft and a foot, the foot being 
con?gured to atraumatically engage the surface of the heart 
to stabiliZe the surface While the heart is beating. The foot 
may have various con?gurations, including a bifurcated 
fork, partial or complete ring, or polygon, but Will be 
suitable for stabiliZing the heart adjacent to an anastomosis 
site to enable anastomosis of a graft vessel to a coronary 
artery. The foot may have a friction-enhancing surface to 
improve grip and minimiZe migration on the epicardium, 
Which may be teXtured, knurled, roughened, or covered or 
coated With a friction-enhancing material. In a preferred 
embodiment, the foot is attached to the shaft by an articu 
lating joint Which may be locked and unlocked by means of 
an actuator coupled to the proximal end of the shaft. This 
alloWs the foot to be positioned at various orientations 
relative to the shaft according to the angle of approach and 
the location of the anastomosis site on the heart. 

[0032] The stabiliZer may optionally include one or more 
retainers Which can be used for placement of sutures or 
silastics during an anastomosis or other procedure. The 
retainers are preferably located on the foot itself for proX 
imity to the surgical site. The retainers are con?gured to 
retain the sutures or silastics in a state of tension, and have 
a clamping mechanism or are dimensioned for frictional 
engagement With the suture or silastic. In some embodi 
ments, the retainers are removably attached to the stabiliZer 
foot to alloW the retainers to be removed When not needed 
or to be disposed of folloWing the procedure. 

[0033] The stabiliZer is coupled to a mounting base Which 
attaches to the rails of the retractor. The mounting base 
preferably includes at least tWo movable joints betWeen the 
point of attachment to the rail and the point of attachment to 
the stabiliZer, each joint having at least tWo aXes of rotation. 
Preferably, the joints are spherical joints or ball-in-socket 
joints, thus maXimiZing the number of degrees of freedom 
available for positioning the stabiliZer. The mounting base 
includes a coupling Which attaches to the retractor rails, 
alloWs sliding movement thereon, and has a locking mecha 
nism for locking the mounting base in a selected position on 
the rail. 

[0034] The system may include a variety of other compo 
nents and accessories useful in heart surgery. These include 
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a heart retractor, Which has a shaft, preferably malleable, and 
a paddle for engaging the heart. The paddle is preferably 
coated With a gauZe or other atraumatic, friction-enhancing 
material to improve grip on the surface of the heart so as to 
facilitate rolling or lifting the heart. The system may also 
include a CO2 bloWer for emitting gas at the anastomosis 
site so as to keep it dry, clear of ?uid and debris and thus 
visible to the surgeon. The bloWer preferably attaches to or 
is integrated into the stabiliZer to facilitate positioning the 
bloWer outlet near the anastomosis site. A vascular clamp 
may also be provided Which attaches to the rails of the 
retractor. The clamp may be used to temporarily clamp the 
end of a graft vessel such as the internal mammary artery 
and to hold it out of the surgical ?eld until the surgeon is 
ready to use it. Various other devices may also be attached 
to the rails or other components of the system, including 
lighting, irrigation, suture retention, and retraction devices, 
as Well as catheters and surgical instruments. 

[0035] Referring noW to the ?gures, FIG. 1 illustrates a 
?rst embodiment of a system for performing heart surgery 
according to the invention. The system includes a retractor 
20 having a crossbeam 22, a stationary arm 24, and a 
movable arm 26. Stationary arm 24 and movable arm 26 
have rails 28, 29 disposed along the top surface thereof, rails 
28, 29 being de?ned by a pair of opposing side channels 30 
forming a pair of lips 32 along the outer and inner upper 
edges of arms 24, 26. Stationary arm 24 and movable arm 26 
further include Wings 34, 36 extending outWardly from the 
lateral sides thereof. A plurality of channels 37 eXtend 
transversely across the top surfaces of stationary arm 24 and 
movable arm 26 and are dimensioned and con?gured for 
receiving a suture therein for retraction of the pericardium or 
other tissues, as described more fully beloW. 

[0036] Movable arm 24 is attached to a carriage 38 
slidably mounted to crossbeam 22. A key 40 is rotatably 
mounted to carriage 38 and is coupled to a pinion gear 
(described beloW) Which engages a rack (described beloW) 
on crossbeam 22. In this Way, movable arm 26 is movable 
toWard and aWay from stationary arm 24 by rotating key 40. 
While stationary arm 24 is preferably mounted to crossbeam 
22 so as to be unmovable, in some embodiments, both arms 
may be movably mounted to crossbeam 22 in the manner 
described above or in any other suitable manner. Crossbeam 
22 further includes a pair of side channels 42 on its front and 
back edges each de?ning an upper lip 44 and a loWer lip 46, 
thus forming a rail similar in construction to rails 28, 29 on 
stationary arm 24 and movable arm 26. 

[0037] Referring to FIG. 2, the back edge of crossbeam 22 
forms a rack 48 having a plurality of linearly arranged gear 
teeth 50. Key 40 is coupled to a pinion gear 52 (shoWn in 
phantom) Which engages rack 48, thus enabling movement 
of movable arm 26 by rotation of key 40. Side channel 42 
eXtends longitudinally through rack 48, thus forming tWo 
parallel roWs of gear teeth 50. 

[0038] Referring again to FIG. 1, a ?rst blade 52 is 
attached to stationary arm 24 and a second blade 54 is 
attached to movable arm 26. Preferably, ?rst and second 
blades 52, 54 are removably coupled to arms 24, 26 to alloW 
removal and interchange of various blades. As shoWn in 
FIG. 3, in Which stationary blade 24 and movable blade 26 
are shoWn removed from crossbeam 22 for clarity, ?rst and 
second blades 52, 54 each have a pair of pins 56 Which are 










