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SURGICAL RETRACTORS AND METHOD OF OPERATION

BACKGROUND OF THE INVENTION

[0001] 1. REFERENCE TO RELATED APPLICATION

[0002] This application claims priority to provisional Patent Application
Serial No. 60/377,929, filed May 3, 2002, by A. Marc Gillinov and Albert N.

Santilli, the disclosure of which is hereby incorporated by reference in its entirety.

[0003] 2. FIELD OF THE INVENTION
[0004] The present invention relates generally to retractors for use in heart
surgery and, more particularly, to retractors for use during open-heart surgery.

[0005] 3. DESCRIPTION OF THE PRIOR ART

[OOOG] The heart is a hollow muscular pump located in the chest caVity ina
loose protective sack called the pericardium. The heart is comprised of a thick
muscular layer called the myocardium, which defines four chambers that include
two upper chambers, the atria, and two lower chambers, the ventricles. The |
atrium and ventricle on the right side are separated by a tricuspid valve, while the
atrium and ventricle on the left side are separated by a bicuspid (mitral) valve.
The right-side atrium andtlventricle are separated from the left-side atrium and
ventricle by a wall known as the septum.

[0007] Normally, the heart beats in a continuous, regular rhythm.
Sometimes, however, the heart beats in an irregular rhythm that frequently is

caused by atrial fibrillation. Atrial fibrillation is an abnormal heart rhythm that
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originates inAthé atria. Instead of electrical impulses traveling.in an orderly
fashion through the heart, many impulses begin and spread through the atria,
causing a rapid and disorganizéd heartbeat. Research has shown that the
majority of undesired elecfrical activity (foci) come from the areas around the four
pulmonary veins. Other less common areas include the suberior vena cava, right
and left atria, and the coronary sinus. While it once was thought that atrial
fibrillation was harmless, it nbw is known that atrial fibrillation is associated with
heart failure, blood clots, a five- to sevenfold increase in stroke, and increased
mortality from heart disease.

[0008] There are a number of techniques that can be used to correct or
alleviate atrial fibrillation. One popular non-surgical technique is pulmonary vein
isolation ablation. In this technique, special catheters are inserted through thé
rfght atrium and the ‘septum into the left atrium. The catheters are used for
mapping locations of abnormal electrical impulses and for delivering energy to
the atrium in the region of the atrium that connects to the pulmonary veins. The
catheters produce circular scars that block any electrical impulses from firing
within the pulmonary veins, thus preventing atrial fibrillation.

[0009] Unfortunately, non-surgical procedures such as pulmonary vein
isolation ablation are not suitable to correct atrial fibrillation in all cases. Atrial
fibrillation is very common, and those with atrial fibrillation often have concurrent
heart disease such as coronary artery disease or valve disease that requires
surgical treatment. In such cases, it is necessary to expose the heart by

conducting open-heart surgery in order to have access to the interior of the heart.
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~.During & typical open-heart surgical procedure, the chést is incised along the
sterhum. A thoracic retractor separates the split sternum in order to expose the
rheart. Specifi;:ally, fhe thoracic retractor includes grips that fit on either side of
- the incision and which can be moved apart to expose the heart. The grips
maintain the incision open for the duration of the open-heart surgical procedure.
Further, the thoracic retractor provides a platform to which cardiovascular
retractors and other surgical equipment can be attached and anchored.

[0010] A fairly recent type of open-heart surgical procedure to correct atrial
fibrillation is the so-called Maze procedure. The January, 2000 issue of
“Seminars in Thoracic and Cardiovascular Surgery” is a compendium of articles
about the Maze procedure published by W.B. Saunders Publishing Company,
and is hereby incorporated by reference in its entirety. In the Maze procedure as
oFiginalIy practiced, precise incisions were created in the right and left atria.
Because scar tissue can block errant electrical impulses, the scar tissue
generated by the incisions can block routes of errant electrical impulses
responsible for atrial fibrillation. Specifically, the scar tissue can direct normal
'sihus impulses to travel to the atrioventricular node as they normally should.
Recently, the Maze procedure has been altered to focus mainly on the left
atrium, because the vast majority of irregular foci come from areas around the
four pulmonary veins and those veins are connected to the left atrium.

[0011] During the Maze procedure as presently practiced, the incised
myocardium is retracted to move portions of the heart tissue and to expose the

pulmonary veins and the artial appendage. The retraction can be accomplished |
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-manually by an assistant using a.hand-held retraf:tor‘;blade that contacts the
tissue adjacent 'to the mitral valve. Unfortunately, manual retraction is quite
undesirable for a number of feasons, including the need for the continual
presence of an assistant to manipulate the retractor, and the inconsistency and
variability of the retraction so provided.

[0012] An alternative technique to retract the heart tissue and expose the
,pulmonary veins and the atrial appendage is to use a plurality of relatively
narrow, short retractor blades that are mounted onto the thoracic retractor. The
retractor blades are not properly configured to retract the heart tissues to perform
the Maze procedure. The previously known retractors blades cooperate with
each other to retract and retain the heart tissue ih a retracted position for the
duration of the procedure. Each of the blades (up to three or more in number)
must be indi\}iduélly placéd and set by a éﬁrgeoh to contact the inner heart wall
adjacent to the mitral valve and the pulmonary veins so as to retract the heart
tissue and expose the pulmonary veins and the atfial appendage. Placing and
setting each of the blades takes a certain amount of time. In addition, each of
the blades place's a localized pressure on the heart tissue. Desirably, a
retraction technique would be available that would decrease the time required to
perform the surgical procedure as well as to decrease and delocalize the
pressure on the heart tissue.

SUMMARY OF THE INVENTION

[0013] In response to the foregoing concerns, the present invention

provides new and improved surgical retractors and a new and improved
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technique for performing heart surgery. The surgical retractors of the present
invention afe especially adapted for use in performing atrial fibrillation reduction
surgery, typically the Maze proce_dufe.

[0014] One .of the surgical retractors according to the invention is
especially adapted to retract the mitral valve and adjacent tissues (“mitral valve
retractor”) during a surgical procedure. The mitral val\)e retractor includes a
handle that defines an axis and has first and second ends. A large, elongate
retractor blade is secured to the second end of the handle. The blade projects
from the handle at a predetermined angle relative to the handle axis. The blade
extends toward and across the mitral valve, the lower annulus of the mitral valve,
and the tissues adjacent thereto. Retracting the handle causes the retractor
blade to contact and retract the exposed mitral valve and adjaceht tissues. Inthe
‘ preferred embodiment, the blade tapers from a, narrow portion adjécent the
second end of the handle to a wider portion remote from the second end of the
handle.

[0015] Another surgical retractor according to the invention (“left atrial
appendage retractor”) is configured to retract a portion of the left atrium adjacent
the atrial appendage to thereby expose, for example, the pulmonary veins and
left atrial appendage. The left atrial appendage retractor includes a handle that
defines an axis and ‘has first and second ends. A narrow, elongate retractor
blade is secured to the second end of the handle. The blade projects from the
handle at a predetermined angle relative to the handle axis. The blade extends

deep into the heart to contact and retract a portion of the heart near the atrial
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.appendage. Retracting the handle causesAAthe blade to contact and retract the
atrium so as to expose the pulmonary veins and/or atrial appendage. Preferably,
the blade has an end portion that exténds back upon itsélf in order to better
engage the heart tissues.

[0016] The present invention includes alternate forms of the referenced
retractors. For example, the mitral valve retractor can be provided with an
adjustable blade, and the left atrial appendage retractér can be provided with an
angled handle to provide different access to the pulmonary veins.

[0017] The present invention also provides a method of performing an
open-heart surgical procedure. The method includes incising a heart so as to
expose a mitral valve. The mitral valve retractor is oriented relative to the mitral
valve so that the mitral valve retractor extends toward and across all or part of
the mitral valve. The mitral valve retractor contacts the mitral valve, tissues
adjacent to the mitral valve, and/or the lower annulus of the mitral valve. The
mitral valve retractor is moved while in contact with the mitral valve so that an
interior portion of the heart is made accessible. Similarly, the left atrial
appendage retractor is used to contact and retract the tissues in the region of the
left atrial appendage. The retractors preferably will be used in conjunction with -
one another, although they can be used separately, if desired.

[0018] BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing and other features and advantages of the invention
will be apparent from the following description and claims, including the

accompanying drawings, wherein:
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[0020] ~ FIG. 1 is a view of prior art cardiovascular retractors ‘being used to
retrlact. portions of a patient’s heart;

[0021] FIG. 2 is a perspective view of a known thoracic retractor to which a
retractor according to the invention is attached;

[0022] FIG. 3 is a view similar to FIG. 2 showing two retractors according
to the invéntion;

[0023] FIG. 4 is a view similar to FIG 3 showing alternative embodiments

of retractors according to the invention;

- [0024] | FIG. 5 is a perspective view of one of the retractors shown in FIG.
4;
[0025] FIG. 6 is a side view of a portion of the retractor shown in FIG. 5;
[0026] FIG. 7 is a top plan view of a portion of the'retractor shown in FIG.
5;
[0027] FIG. 8 is an enlarged view of the retractors shown in FIG. 4 in an

operative position engaging tissues of an incised heart;

[0028] FIG.9is é perspective view of a retractor according to the invention
suitable for.manual use;

[0029] FIG. 10 is an perspective view of another retractor according to the
~ invention in an operative position engaging tissues of an incised heart;

[0030] FIG. 11 is a side view of the retractor shown in FIG. 10; and

. [0031] FIG. 12 is a top plan view of the apparatus shown in FIG. 10.
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DESCRIPTION OF THE PREFERRED EMBODIMENT
[0032] FIG. 1 shows a plurality‘ of retractors 10 of a brior art apparatus for
use during a surgical procedure on a heart 12. The retractors 10 pull on vari'ous
inner surfaces of the héart wall so as to retract the heart tissues and thus expose
the mitral valve, which is indicated by the reference numeral 18.
[0033] A surgical retractor 100 comprising a fir.st' embodiment of the
present invention is shown in FIG. 2. The retractor 100 is a mitral valve retractor
adapted for use with a thoracic refraptor 102. Suitable thoracic retractors are
commercially available from Kapp Surgical Instrument, Inc. (Cleveland, OH).
The retractor 100 in accordance with the present invention is operable to retract
and expose, for example, a mitral heart valve (not shown) and the inside cavity of
a heart during an open-heart surgical procedure. A Maze procedure is an
example of such an open-heart surgical procedure. The retractor 100 differs
from the prior art generally in that it is configured to contact the mitral valve and
optionally the adjacent heart tissues rather than the heart wall’s inner surface.
[0034] Speciﬁcally, the retractor 100 includes a 0.6 centimeter (0.25 inch)
diameter surgical stainless steel rod or handle 108, which defines a handle axis
-110. The handle 108 has first and second ends 114, 116. The handle second
end 116 is adapted to be clamped to the thoracic. retractor 102. A clamp 120
secures the handle second end 116 to the thoracic retractor 102.
[0035] A retractor blade 130 is secured or welded to the handle first end
114 and is preferably formed of stainless surgical steel. In this embodiment, the

blade 130 has a proximal portion 140, and a one-piece, solid distal portion 144.
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‘The proximal portion 140 is secured to the handle first end 114,. and extends
away from the handle 108 to a bend 146. The distal portion 144 extends from
the bend 146 to a generaﬁy flat terminal end 150. The proximal portion 140 is
preferably about 5.7 cm (2.25 inches) long. The distal portion 144 is preferably in
a range of about 11.4 cm (4.5 inches) to about 19 cm (7.5 inches) long, and is
more preferably 13.3 cm (5.25 inches) long. Accordingly, the distal portion 144 is
longer than conventional retractors uséd in similar type applications. Rather than
pinning back portions of the heart and creating localized areas of pressure, the
distal portion. 144 extends deeper into the incised heart and applies pressure
during retraction over a relatively larger surface area.
[0036] During operation, the blade 130 is oriented relative to the mitral
heart valve that is exposed during the surgical heart procedure. Specifically, the
distal portion 144 is placed adjacent to and across the exposed mitral valve and
the heart tissues surrounding and adjacent to the mitral valve. The distal portion
144 is contacted against the mitral valve and optionally the adjacent heart
tissues. The retractor 100 is moved along the axis 110 relative to the thoracic
retractor 102 to retract the mitral valve and expose the interior of the heart.
[6037] Specifically, the clamp 120 is loosened and the handle 108 is slid
through the clamp 120 relative to the thoracic retractor 102. The movement of
.the handle 108 contacts the distal portion 144 against the mitral valve and
thereby retracts the mitral valve. When a desired level of retraction is obtained,

the clamp 120 is tightened and the handle 108 is secured in place. The mitral
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valve and the ‘adjacent heart tissues are retracted -and:held in:place by the‘distal
portion 144 until the clamp 120 is again loosened.

' [0038]. A retractor system 200 having first and second retractors 202, 204
and comprising a second embodiment of the invention is shown in FIG. 3. The
first retractor 202 has a handle 206 and a blade 210. The blade 210 differs from
the solid blade 130 by including a plurality of spokes (preferably a first spoke
220, a second spoke 222, and a middle, third spoke 224).

[0039] The blade 210 is formed’/ of a malleable metal and defines a
proximal portion 240 that is ‘generally co-planar with a handle axis 242, which is
defined by the handle 206. 'The blade 210 further defines a distal portion 244
that is éngled relative to the handle axis 242. A fist bend 246 defines a boundary
between the proximal and distal portions 240, 244. The spokes 220, 222, 224 of
the distal portion 244 are thus also angled relative to the handle axis 242. The
first and second spokes 220, 222 each have a second bend 250 so that the first
and second spokes 220, 222 are about equal distances away from the center
spoke 224 in generally opposite directions relative to each other.

[0040] The blade 210 élso includes a tip 252 that is curved along its length
to define an arc. The tip 252 is preferably welded to each of the ends of the
spokes 220, 222, 224. The tip 252 is preferably longer than the diameter of the
mitral valve, that is, in a range of about 3.2 cm (1.25 inches) to about 5 cm (2
inches). More preferably, the tip 252 has a length of about 4.5 cm (2.75 inches).
Thus, the area of the distal portion 244 is larger than, or about the same size as,

an area defined by the mitral valve and the heart tissues surrounding and

10
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.adjacent to the mitral valve. The-tip 252 preferably. has a surface profile or
texture that is. knurled, ridged or sel;rated. The tékture of the tip 252, if present,
can facilitate grabbing tissue and mainfaining a grib once established.

[0041] The spokes 220, 222, 224 form angles in the range of about 20 to
about 65 degrees relative to the handle axis 242. In this embodiment, the angles
are about 60 degrees relative to the handle axis 242. The spokes 220, 222, 224
are not boplanar with each other. The middle, third spoke 224 is slightly longer
than the first and second spokes 220, 222, and the third spoke 224 is angled
slightly more than the first and second spokes 220, 222. Accordingly, the tip 252
defines a compound curve or arc that contacts an end of each of the spokes 220,
222,224,

[0042] The spokes 220, 222, 224 each define a third bend 250 disposed
between the first bend 246 and the tip 252. The third bend 250 forms the distal
pértion 244 as a convex shape so that when contacted against the concave inner
surface of the heart, the distal portion 244 closely matches the shape of the
heart. Contact stress is distributed over the contacted area of the heart inner
surface.

[0043] In a preferred embodiment, the combined length of the distal and
proximal portions 240, 244 is preferably about 11.5 cm (4.75 inches). Further,
the length of the distal bortion 244 is about 7.5 cm (3 inches), and the length from

either second bend 250 to the tip 252 is about 2.5 cm (1 inches).

11
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.[0044] The second reﬁ'actor 204 is also mounted to the thoracic retractor
102. The seéond retractor 204 includes first and second handles 260, 262, first
and secbnd clamps 264, 266, and a blade 268 secured to the first handle 260.
[0045] A first clamp 264 holds the second handle 262 to the first handle
260. The retractor blade 268 is attached opposite end of the first handle 206.
The handles 260, 262 are preferably stainless surgical steel and have lengths in
a range of about 2.5 cm (1 inch) to about 25 cm (10 inches) and a diameter of
about 0.6 cm (0.25 inches).

[0046] The second retractor blade 268 is narrow relative to the first
retractor blade 210, but is about as deep and is otherwise similar in configuration.
That is, the blade 268 has curve 270 that defines proximal and distal portions
272, 274 ‘with relatioﬁ to the handle 262. Preferably, the combined length of the
proximal and distal portions 272, 274 is about 9.5 cm (3.75 inches) to about 19
cm (7.6 inches), and the length of the distal portion 274 is about 7.5 cm (3.0
incheé)

[0047] A second tip 276 is attached to the ends of three spokes that form
the body of the second blade 268. The second tip 276 has a curve that forms an
arc opening away from the first handle 260. Accordingly, the second blade 268
has a convex surface configured to contact the concave inner surface of the left
atrium. The second tip 276 can have a textured surface profile the same as the
first tip 252.

[0048] During open-heart surgical procedures performed in accordance

with the present invention, the distal portion 244 of the first retractor 202 is

12
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- wc'Jriented relative to. an incised heart so*as to extend toward and .across a mitral -
valve and tissue surro‘undi‘ng the mitral valve. The distal portion 244 is contacted
against the mitral valve and the tissues surrounding'the mitral valve so as to
move and retract the mitral valve and the tissues surrounding the mitral valve.
The retraction exposeé the interior of the heart and maintains the exposure for a
desired périod of time. The curvature of the tip 252 distributes stress evenly
across heart tissue during the contacting and retraction so as to alleviate and
decrease the amount of stress relative to tips that does not have such an arced
configuration.

[0049] A retractor system BOOA comprising a third embodiment of the
invention is shown in FiGs. 4-8. The retractor system 300 includes first and
'second rétractors 302, 304.

[0050] The first retractor 302 inciudes a blade 306 mounted to a handle
308. The blade 306 has proximal and distal portions 310, 312 that are defined by
a bend 314. The proximal and distal portioné 310, 312 together measure about
19 cm (7.5 inches) long. The proximal portion 310 is centered on a handle axis
320, which is defined the handle 308. A clamp 322 releaseably secures the
handle 308 to the thoracic retractor 102.

[0051] The distal portion 312 includes first, second and third spokes 330,
332, 334 that prefefably have a length in a range of about 12 cm (4.75 inches) fo
about 13.3 cm (5.25 inches) long and are about 0.3 cm (0.1 inch) wide. The

spokes 330, 332, 334 extend in generally straight lines from the first bend 314 at

13
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the intersection of the proximal and distai portions 310, .312 to a tip 344 -at:the
opposite end of the distal portion 312. |

[0052] A diétal portiqn axis 322 is defined by the third spoke 3A34, and
forms an aﬁgle 6 in the range of from about 35 to about 95 degrees relative to
the handle axis 320, and preferably forms an angle of about 50 degrees. Parts of
" the distal portion 312, for example, the first and second spokes 330, 332, are not
coplané’r with the distal portion axis 322, but are generally aligned with the distal
~ portion axis 322. The middle, third spoke 334, which is coplanar with the distal
portion axis 322, is at a slightly larger angle with reference to the handle axis 320
than the first and second spokes 330, 332.

[0053] The spokes 330, 332, 334 form a third bend 336 in a region located
between the first bend 314 and the tip 344. The third bend 336 preferably flares
the distal portion 312 into, an “S™like configuration, so that the spokes 330, 332,
334 form a smaller angle adjacent to the tip 344 relative to the angle © formed by
the first 314 bend.

[0054] The tip 344 is generally smoo;ch and preferably about 3.2 cm (1.25
inchies) long, and about 0.5 cm (0.2 inches) wide, and is oriented generally
perpendicular to the spokes 330, 332, 334. The surféce of the tip 344 can
alternatively have a texture or profile like the tip 252 of the previous embodiment.
Solder is preferably used to secure the tip 344 to the spokes 330, 332, 334.
Because the (’spokes 330, 332, 334 are not co-planar, and because the middle
spoke 334 is slightly longer than the outer spokes 330, 332, the tip 344 forms a

compound curve. The curve of the tip 344 follows the concave interior surface of -
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the left atrium of -an incised heart 346:to increaise the contact are of the b,l'ade 306
with the interior surface of the heart 346. Preferably, the tip 344 is sized and
shaped fo appfoximate the interior éurfécq of the left atrium in the region of the
lower annulus 348 of the mitral valve.

[0055] The second retractor 304 aléo includes a handle 350 and a blade
352. The handle 350 mounts at a first end to the thoracic retractor 102 via a
clamp 356, and the blade 352 is secured, preferably by welding, to the opposite
end of the handle 350. Disposed between the endé of the handle 350 is a bend
360 having an angle in the range of about 25 to 95 degrees, and preferably about
45 degrees. The handle 350 is otherwise generally like the handle 308.

[0056] The second blade 352 has a plurality of spokes, preferably three
spokes (first, second outer spokes 362, 364 and a third, middle spoke 366). The
spokes 362, 364, 366 have a bend 368 that defines a proximal portion 370 of the
second blade 352 attached to the second handle 350, and distal portion 372 that
defines a tip 374. The distal portion 372 has a length preferably in a range of
from about 5 cm (2 inches) to about 8 cm (3.25 inches) to extend deeply into the
incised heart and contact the inner surface of the left atrium spaced from the first
blade 310.

[0057] The tip 374 of the second blade 352 defines an ‘arc, about 2.5 cm
(1 inch) across, opening away'from the handle 350. Accordingly, the convex side
of the tip 374 is configured to match the concave inner surface of the left atrium

and to grip the heart tissue p‘roximate to the pulmonary arteries.
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[0058] - :During open-heart surgical-procedures pérformed in .accordance
with the present invention, the heart is incised to open the left atrium. The distal
portion 312 is oriented relative to an incised heart so as to extend toward and
aéross a mitral valve and tissues surrounding the mitral valve. The distal portion
312 is contacted against the mitral valve, the lower4annulus of the mitral valve,
and tissue surrounding the mitral valve so as to move and retract the mitral valve
and the tissues surrounding the mitral valve. The retraction exposes the interior
of the heart and maintains the exposure for a desired period of time. The tip arc
can distribute stress to the heart tissues during the contacting and retraction so
as to alleviate and‘Adecrease the amount of stress relative to a tip that does not
have such an arc configuration.

[0059] At about the same time as the first retractor 302 is employed, the
second retractor 304 is oriented relaﬁve to‘ the heart and the thoracic retractor
102 so that the second blade 352 contacts the inner surface of the left atrium
proximate to the pulmonary arteries or veins. 'fhe second blade 352 retracts the
heart wall and exposes the pulmonary arteries. The clamp 356 is fightened to
 secure the second retractor 304 in place. The second retractor 304 is thus
contacted ‘against the heart tissue to expose a patient’s left pulmonary veins and
atrial appendage during, for example, a Maze procedure.

[0060]' Thus, the first and second retractors 302, 304 cooperate to
maintain access to the interior of the left atrium during the surgical procedure.
After the procedure, the clamps 322, 356 are loosened and the retractors 302,

304 are removed from the heart.
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-[0061] . ‘A hand retractor 4’QO=compﬁsing a manually operable embodiment
of the present invention is shown in FIG. 9. The hand retractor 400 includés a
handle 402 and a blade 404. The handle 2102 and the blade 404 are separated
by a bend portion 406 at'an end of the handle 402. The bend portion 406 angles
the blade 404 relative to the handle 402. A grip 410 is attached to the opposite
end of the handle 402 from the bend portion 406.

[0062] Thé blade 404 preferably has three wire spokes (two outer spokes,
412, 414, and a third, middle spoke 416). The outer spékes 412, 414 each have
a second bend 418 and a third bend 420 so that the body of the outer spokes
412, 414 is generally parallel with the middle spoke 416. The blade 404 has a
distal tip 430, which is genefélly like the tip 344 described hereinabove.

[0063] The hand retractor 400 does not secure to a thoracic retractor, but
is manipulated by, hand, preferably by a surgical assistant, during a surgical
procedure. Otherwise, the hand retractor 400 performs in subétantially the same
manner as the first retractor 302 described hereinabove.

[0064] A surgical retractor 500 comprising a preferred embodiment of the
present invention is shown in FIGs. 10-12. In this embodiment, the retractor 500
includes a handle 502, and extension 504, and a plurality of arrangeable blade
portioné, preferably three blade portions 506, 508, 510. The blade portions 506,
508, 510 are each preferably about 5.6 cm (2.2 inches) long a‘nd about 2 cm (0.8
inches) wide.

[0065] A screw clamp 520 includes a pivot and can loosen and tighten,

and thereby allow pivotal movement when loosened, and clamp the blade

17



WO 2004/010859 PCT/US2003/013794

portions. 506, 508, 510 into a desired position relative to each -other when
fightened.

[6066] - A 'tip 524 secures to an end of each of the blade portic')ns' 506, 508,
510. Each tip 454 is generally handle-shaped and generally straight along its 1.5
cm (0.6 inch) length. The blade portions 506, 508, 510 can fan out at their distall
ends 528 to increasé the total surface area of the blades 506, 508, 510 to be
larger than an area ‘of the interior of the atrium that includes a mitral valve 550.
[0067] During use, the retractor 500 is affixed to a thoracic retractor (not
shown). The handle 502 is extended from the thoracic retractor to the incised
heart 560. The blade portions 506, 508, 510 are spread out in a generally fan-
like configuration by loosening the clamp 520 and rotaﬁng the blade poniqns 506,
508, 510 around the pivot. When the desired configuration is achieved, the
clamp 520 is screwed down to tighten onto the blade. portions 506, 508, 510 and
thus immobilize the blade portions 506, 508, 510 relative to each other in the
generally fan-like lconfiguration.

[00168] The blade portions 506, 508, 510 are positioned generally over the
mitral valve 550 and surrounding heart tissue in the incised heart 560. The mitral
valve 550 and surrounding heart tissue is then retracted by contacting the blade
portions 506,A 508, 510 against the mitral valve 550 and surrounding heart tissue
and moving the blade portions 506, 508, 510 in the direction indicated by the
directional arrow. The handle 502 is secured to the thoracic retractor to maintain

the retractor 500 in a desired position and orientation. Accordingly, the retracted
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- section. of Athe heart .exposes .the interior surface of‘the left atrium, and the
reiractor 500 thus maintains the exposure as long as is desirable.

[0069] In alternative embodiments, a retractor similar to the retractor 500
has curved blade portions. The curved blade portions nest against each other
when folded and aligned with each other. The curved blade portions pivot at
" their base to fan out at the blade tips. Similar to the retractors described above,
the blade portions extend toward and across the mitral valve in the incised heart
and the surrounding heart tissue. Retracting the blades subsequently retracts
the portion of the heart containing the mitral valve. The blade portions are
oriented such that the curve of the blades follows the concave interior of an
incised heart.

[0070] The embodiments described herein are examples of structures,
'systems and methods having elements corresponding to the elements of the
invention recited in the claims. This written description may enable those skilled
in the art to make and use embodiments having alternative elements that
likewise correspond to the elements of the invention recited in the claims. The
. intended scope of the invention thus includes other structures, systems and
methods that do not differ from the literal language of the claims, and further
includes other structures, systems and methods with insubstantial differences

from the literal language of the claims.
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WHAT IS-CLAIMED IS:

1. A surgical retractor for use in a surgical procedure on an-incised heart
having a mitral valve and pulmonary veins that communicate with the left atrium,
comprising:

a handle defining an axis and having first and second ends; and

a large, elongate blade having a proximal end and a distal end, the
proximal end being secured to the second end of the handle such that the blade
projects from the handle at a predetermined angle relative to the axis of the
handle, the blade being configured to extend toward and across the mitral valve
and to contact the mitral valve, tissue adjacent to the mitral valve, and the lower
annulus of the mitral valve, whereby retracting the handle causes the blade to

contact and retract the mitral valve and the adjacent tissue.
2. The surgical retractor as defined in claim 1, wherein the blade
comprises a plurality of spokes that extend from the proximal end to the distal

end.

3. The retractor as defined in claim 2, wherein the spokes are disposed

generally parallel with each other.

4. The retractor as defined in claim 2, wherein the spokes diverge from a

narrower width at the proximal end to a wider width at the distal end.
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5. The surgical retractor. as defined in claim 1, wherein the blade
generally lies in a plane and the distal end defines a tip portion that generally lies

in the plane in which the blade lies.

6. The surgical retractor as defined in claim 5, wherein the tip portion has
a configuration that approximates that of the left atrium in the region of the lower

annulus of the mitral valve.

7. The surgical retractor as defined in claim 5, wherein the tip portion has
a surface finish that is selected from the group consisting of smooth, serrated,

and knurled.

8. The surgical retractor as defined in claim 5, wherein the tip portion has

opposed ends, the ends being out of the plane in which the blade lies.
9. The surgical retractor as defined in claim 5, wherein the tip portion has

opposed ends and a center portion, the ends being disposed closer to the handle

than the center portion.
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10. - The surgical retractor as defined in claim 1, wherein the blade
generally lies in a plane that is oriented relative to the axis of the handle at an

angle within the range of from about 20 to about 65 degrees.

11. The surgical retractor as defined in claim 1, wherein the blade is
formed of a malleable metal such that it can be positioned relative to the axis of

the handle in any desired position.

12. The surgical retractor as defined in claim 1, further comprising a grip
attached to the first end of the handle, whéreby the retractor can be manipulated

manually.

13. The surgical retractor as defined in claim 1, wherein the blade has a
width and includes:

a plurality of fan blade portions movable relative to each other, each fan
blade portion having a proximal end and a distal end; and

a pivoted connection between the proximal ends of the fan blade portions
and the second end of the handle, the pivoted connection permitting the width of

the blade to be adjusted.
14. The surgical retractor as defined in claim 13, wherein the proximal

end of each fan blade portion includes an opening, and further comprising a

fastener that extends through the openings when the openings are aligned, the
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fastener, upon being tightened, applying. a compressive force to the fan blade:

portions so as to retain them in any desired position.

15. The surgical retractor as defined in claim 1, wherein the blade, when
viewed from the side, generally defines a convex curve relative to the axis of the
handle in the region of the proximél end and generally defines a concave curve

relative to the axis of the handle in the region of the distal end.

16. The surgical retractor as defined in claim 1, wherein the blade has a

width within the range of from about 3.2 cm to about 5.0 cm.

‘17. The surgical retractor as defined in claim 1, wherein the blade has a

length within the range of 'frgm about 9.5 cm to about 19 cm.

18. A surgical retractor for use in a surgical procedure on an incised heart
having a mitral valve, pulmonary veins that communicate with the left atrium, and
an atrial appendage, comprising:

a handle defining an axis and having first and second ends; and

a narrow, elongate blade having a proximal end and a distal end, the
proximal end being secured to the second end of the handle such that the blade
projects from the handle at a predetermined angle relative to the axis of the
handle, the blade being configured to extend deeply into the incised heart and to

contact a portion of the atrium near the atrial appendage, whereby retracting the
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. handle .causes the blade to contact and retract the atrium sb as to expose the

pulmonary veins.

19. The surgical retractor as defined in claim 18, wherein the blade
comprises a plurality of spokes that extend from the proximal end to the distal

end.

20. The surgical retractor as defined in claim 19, wnerein ue spukes ae

disposed generally parallel with each other.

21. The surgical retractor as defined in claim 19, wherein the spokes
diverge from a narrower width at the proximal end to a wider width at the distal

end.

22. The surgical retractor as defined in claim 18, wherein the blade
generally lies in a plane and the distal end defines a tip portion that is bent back
upon itself such that the tip portion generally lies outside the plane in which the

blade lies.
23. The surgical retractor as defined in claim 22, wherein the tip portion

has a configuration that approximates that of the left atrium in the region of the

atrial appendage.
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'24. ‘The surgical retractor as defined in claim 22, wherein the tip portion
has a surface finish that is selected from the group consisting of smooth,

serrated, and knurled.

25. The surgical retractor as defined in claim 22, wherein the tip portion,

when viewed from the distal end, is concave relative to the handle axis.

26. The surgical retractor as defined in claim 18, wherein the blade
generally lies in a plane that is oriented relative to the axis of the hanale at an

angle within the range of from about 20 to about 65 degrees.

27. The surgidél retractor as defined in claim 18, wherein the blade is
formed of a malleable metal such that it can be adjusted relative to the axis of the

handle in any desired position.

28. The surgical retractor as defined in claim 18, wherein the handle
comprises first and second segments, the first segment being disposed remote
from the blade and the second segment being connected to the blade, the first
-and second segments defining, respectively, first and second longitudinal axes,
the first and second axes generally lying in a common plane and being

positioned relative to each other at an angle of about 45 degrees.
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29. The surgical retractor as. defined in claim 18, wherein the blade ‘is

about 2.5 cm wide.

‘30. The surgical retractor as defined in claim 18, wherein the blade has a

length within the range of from about 5 cm to about 8 cm.

31. A surgical retractor system for use in a surgical procedure on an
incised heart having a mitral valve, pulmonary veins communicating with the left
atrium, and an atrial appendage, comprising:

first and second retractors, the retractors each having a handle and a
blade, the handle of each retractor defining an axis and having first and second
ends, and the blade of each retractor having a proximal end and a distal end, the
proximal end being secured to the second end of the handle and projecting at a
predetermined angle relative to the axis of the handle;

the first retractor blade being configured to extend toward and across the
mitral valve to contact the mitral valve and to retract the mitral valve and adjacent
tissues; and

the second retractor blade being configured to extend deep into the
incised heart to contact a portion of the atrium near the atrial appendage and to

retract the atrium so as to expose the pulmonary veins.

32. A method of performing an open-heart surgical procedure, comprising

the steps of:
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" incising a-heart so as to expose the mitral valye;
providing a first retractor having a relatively large, elongate blade that is
configured to extend toward and across the mitral valve;
- orienting the first retractor so that the blade of the first retractor extends
toward and across the mitral valve;
moving the first retractor relativé to the heart to contact the mitral valve
and adjacent tissues with the blade and retract at least a portion of the mitral
valve and adjacent tissues;
providing a second retractor having a relatively narrow, elongate blade
that is configured to extend deeply into the heart;
orienting the second retractor so that the blade of the second retractor is
disposed in the region of the atrial appendage; and
moving the second retractor relative to the heart to retract the region of the

atrial appendage with the blade and to expose the pulmonary veins.
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