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ABSTRACT

uring the last 50 years, there has been an cxp(mcntia[ increase in our understanding of the structure

and function of the mitral valve in health and disease. Large numbers of patients have un(lcrgnnc

mitral-valve reparative procctlurcs worldwide with variable results. In our initial 10-year experience in
which traditional techniques were used for repair of mitral rcgurgilati()n, a 70% success rate was achieved. In
1995, a critical reappraisal of the common causes of failure to repair, or failure of repair and developed
improved surgical approaches for these patients began. The conditions addressed were massive bileaflet pro-
lapse ("Barlow's valves"); anterior leaflet prolapse; multisegment chordal failure; commissural accessory
leaflet tissue prolapse; and leaflet destruction by endocarditis. A widely applicable standard technique was
developed that the author and colleagues called the "American Correction." It emphasizes chordal replace-
ment with polytetrafluoroethylene (PTFE) artificial chordae, importance of the line of apposition of the
leaflets, and importance of simultaneous dynamic adjustment \(__){‘ the chordal length and anteroposterior
dimension of the mitral a;mulus. ln. addition, use of multiple techniques in 30% of patients to complete the
repair has been emphasized. These techniques resulted in a 90% repairability rate for all pathologies and
100% for m‘\‘xmnat()us~ﬁ1itral insufficiency. These techniques also have led to a decline in rcopcral‘i(m rates,
and improved long-term durability. Continued evaluation with intraoperative and posl()pcrati\'c three-

dimensional (3-D) echo prm'i(lcs further insighls and refinement of 111itral—rcpair tcchniqucs.
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INTRODUCTION

Preservation of the native mitral
valve is gmcral]y acc:cptcd currcntl)r as
the nptimal appl‘oach in patients with
severe mitral regurgilali()n. In addition
to the obvious benefits of avoidance of
warfarin and thromboembolism, mitral-
valve repair has a mortality risk of one-
half of replacement and preserves left
ventricular morphology and function.

The last four decades of the 20" cen-
tury were characterized hv an exponen-
tial increase in kno\\itdgu of the
structure and function of the mitral
valve. However, despite this, repairabil-
ity rates plateaued in the mid nineties at
approximately 70% in the most experi-
enced centers, including our own."?
Even recently in the USA, only approxi-
mately one- third of rmtra] valve sur g-
eries have been re airs, and mostly of
the simplest type.” In 1995, a critical
appralsa] of w h\ certain Latt‘g()rle\ of
disease were dlfflLull to repair and why
repairs had failed began. The disease
states identified were massive bileaflet
prolapse ("Barlow's valves"), anterior
leaflet prolapse, and multisegment
chordal failure,
leaflet tissue prolapse, leaflet destruc-
tion b}' endocarditis. A widcly applica—
ble tc(:hniquc was (]evel(:pt'd based on
our improved understanding of the
causes of mitral regurgitation and the
ph)‘siolog}' of normal and diseased

P

C(Jl’l'l]'['liS.‘iLlI'le acCcessory
¥

which combined with
other techniques has produced a marked
increase in repairability rates.

APPLIED ANATOMY AND PHYSIOLOGY

(,,{}mpl( te famlllarlt\ with the anato-
my and physiology is an essential pre-
qul.ll.‘sltC for the Surgcon or
Cardiologist contemplating an interven-
tion on the mitral valve. Several publi-
cations are especially useful sum-
maries.’® The mitral valve consists of an
anterior and posterior leaflet attached
to the heart at the mitral annulus. The
anterior leaflet, through the aortic-
mitral fibrous continuity, is closely
related to the aortic root. The leaflets
are stabilized by chordae tendinae
attached from them to the papillary
muscles of the left ventricle. The mitral
annulus is a weak and distensible struc-
ture and is incomplete in many
patients. " The posterior two- thirds of
the annulus is attached to the muscular
ostium of the left ventricle an(l d'latcs
when the left ventricle enlarges.”*

The aortic and mitral valves fill the
ostium of the left ventricle, the roughly
circular opening at the base of the cone-
shaped left ventricle. The aortic-mitral
continuity is a curtain of connective tis-
sue that divides the ostium of the left
ventricle into an inflow (mitral) and

mitral valve,*

Figure 1. Details of the surgical technique USED. #5 PTFE suture is passed through the basal portion of

the papillary muscle in a figure-of-eight fashion.
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outflow (aortic) portion. This curtain is
attached strongl}-‘ to the left ventricular
muscle mcdia“}' and ]atcra“)-' b_\_' dense
fibrous condensations, which can be
identified as the dimples at each end of
the aortic portion of the mitral annulus.
These areas are named the right and left
fibrous trigones and also receive fibers
from the two dominant strut chordae
inserted onto the aortic surface of the
anterior mitral leaflet. They traverse
the anterior leaflet obliquely and cross
each other to blend into the opposite
fibrous trigone. The plane of the aortic
annulus lies at a highcr level than the
mitral annulus. The aortic annulus is
attached to the top edgc of the aortic-
mitral continuity, which supports the
posterior one-third of the aortic annu-
lus. The anterior leaflet of the mitral
valve is attached to the lower edge of
the aortic-mitral continuity, which
forms the well-defined fibrous portion
of the mitral annulus and constitutes the
anterior one-third to one-half of the
mitral annulus.

This anterior portion of the annulus
was thought to be non-distensible. Cur-
rently recognized is that it can stretch
over time, particularly in disease states
such as MarFan s syndrome.”"" This
finding has led to a renewed recognition
of the need for f‘ul]-ring annu]oplasty in
patients with myxomatous-valve dis-
ease, or Marfan's syndrome. The poste-
rior two-thirds of the annulus, the line
of attachment of the posterior mitral
leaflet to the muscular ostium, has a
highly variable structure. It ranges from
a well-dcvclopcd line of fibrous conden-
sation of the leaflet onto the muscle of
the left ventricle to areas of almost non-
existent support.” The corresponding
basal postero-medial portion of the left
ventricle also is sometimes thin and
occasionally membranous.

The mitral orifice defined by the
annulus has a circumference of approxi-
matt‘.l}' 9 ¢m in women and 10 c¢m in
men. The area is 6.5 cm? for women
and 8 c¢cm’ for men. After addition of
the leaflets, these areas are reduced by
approximately 2 ¢cm’. The long axis of
the orifice is approximately 5 cm
between the commissures and 4 cm in
the anteroposterior axis.®

The anterior mitral leaflet is rhom-
boidal in shape and highly mobile. The
posterior leaflet is flatter and elongated
horizontally around the posterior annu-
lus. The posterlor leaflet is relatively less
mobile compared with the anterior



leaflet, because of a multiplicity of

(,hordal attachment to its ventricular
surface. It has three separate sections

that allow it to lie flat against the wall of

the left ventricle during diastole, which
has been likened to the pleats in a skirt.
The anterior and posterior leaflets are
not fully separated at the anterolateral
and posteromedial commissures. The
commissural separation of the leaflets
usually begins 3 mm to 8 mm from the
annulus toward the mitral orifice, which
appears to be important for mainte-
nance of mitral competence because no
chordae support these undivided com-
missural areas of the leaflets that can
make repair of these areas difficult.

Unlike the posterior mitral leaflet,
anatomy of the anterior mitral leaflet
does not lend itself to repair of prolaps-
ing segments by extensive leaflet resec-
tion. Although it is almost equal in
surface area to the posterior leaflet, it
has a base of fixed dimension (the aortic-
mitral continuity) that occupies only
one-third of the annular-mitral leaflet
attachments. Little redundancy is pre-
sent in its area. It has to swing {reL]\
through a wide arc, hinging on its
attachment to the aortic mitral continu-
ity, to achieve proper apposition with
the U-shaped surface formed around the
posterior two-thirds of the ostium of the
left ventricle I)\' the posterior leaflet.
Even trl:mgular
described by Carpentier, is prone to
cause loss of mobility of the leaflet due
to the "drumhead" effect across the free
edge of the leaflet.

The lower portions of the atrial sur-
faces of the leaflets are irregular due to
insertion of the chordae onto their ven-
tricular aspect. This appearance is par-
11Lu|ar|\ pronounced on the anterior
leaflet where the lower third is markedly
thickened, and is known as the ' rough
zone." The rough zone of the posterior
leaflet is less constant and occupies
approximately one-half of the depth of
the leaflet centrally and gradually dimin-
ishes until absent at the commissures.
The rough zones correspond to the lines
of apposition of the leaflets. Whereas
they extend equal distances from the
free edges of the leaflets (approximately
8 mm to 10 mm), they occupy one-third
of the depth of the anterior leaflet and
more than one-half of the posterior
leaflet due to the different shapes of the
leaflets.

The papillary muscles are attached to
the posterior left ventricle located

resection, as
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Figure 2. Each suture is passed through the edge of the leaflet twice, in a rolling fashion toward the center
of each pair. The needle can be seen completing this for the medial pair of chordae.

below the commissures of the mitral
valve rather than the center of the
leaflets. They are attached posterior to
the transverse plane that joins the com-
missures. The papl“"ll\ muscles account
for up to 25% of left ventricular mass
and function. Their anatomy is hléhl\
variable, and result from the classical
two well-formed structures to no identi-
fiable muscles.' The annular-papillary
distance and alignment of the muscles

are critical for mitral competence and
normal left ventricular-wall motion."?
Widening of the interpapillary distance
between the bases of the papillary mus-
cles, or an increase in the distance from
the posterior papillary muscle tip to the
mitral annulus as seen in dilated car-
diomyopathies, routinely produces
mitral regurgitation. it

The chordae tendinae stabilize not
only the leaflets but also the adjacent

Figure 3. Dots are placed to mark the desired final line of leaflet apposition using a marker pen (top). Note
also the four annular 2-0 polypropylene stay stitches.
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Figure 4. The left ventricle is inflated with saline and the chordal length is adjusted.

myocardium of the free walls. The first
order or marginal chordae attached to
the free edges of the leaflets are the
thinnest and structurally weakest. The
marginal chordae attached to the center
of the leaflets are thicker and stronger
than those near the commissures. Their
function is to maintain apposition of the

free edge of the leaflets at the end of

diastole and the start of systole, after
which their role diminishes if lcaﬂet
apposition is normal. The second order,

Figure 5. The annular stay stitches are used to simulate the correct annular size during further insufflation
and chordal adjustment.

or so-called "strut chordae," of the
anterior leaflet are n()tab]\ strong, The
second order chordae arise lower on the
])"lpl]hl\ muscles than the other chor-
dae. They prevent doming of the leaflets
into the left ventricle (lurmg systole.' '
On the anterior leaflet, their collagen
radiates obliquely across and upwards
into the opposite fibrous tr lg(me [hc
anchor the ]Japlllar\ muscles \(_(_l.ll‘(l‘l\ in
relation to the fibrous trigones and I’lLlp
maintain left ventricular geometry.
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Their tensile strcngth is 10 times that of
the thin margina] chordae. The third
order chordae are seen mainl)' on the
posterior leaflet and often arise directly
from the wall of the left ventricle. They
also are strong and maintain the position
of the pl}st(‘rir)r annulus relative to the
tips of the paplﬂar\ muscles.

Transfer of load is present during
systole away from the marginal chordae
to the \(_(_Ond‘lr‘\ or strut, ‘chordae then
tertiary Lhor(lac, and lmal]\' the annu-
lus. The load on the marglnal chordae
also is reduced by good leaflet apposi-
tion." If the mitral leaflets can oppose
each other with 5 mm to 10 mm of
apposition, the hydraulic force of blood
acting on the ventricular surface of
these leaflets causes them to be held in
place, aligned against each other by fric-
tion. This phcm)mcnon has been com-
pared to the forces that keep the
keystone of a Roman arch in position.
Also, as the rough arcas of the leaflets
move to the line of apposition and the
leaflets are rolled onto each other, the
secondary chordae become aligned
more (llI‘L‘Ltl\ below the line of apposi-
tion. Any condition in which the appo-
sition is not preserved, such as annular
or ventricular dilation, leads to
increased loading of the marginal chor-
dae. When this state is combined with
chordal path()](lgic find ings and unfavor-
able chordal anatomy, failure of the
marginal chordae is prone to occur. The
marginal chordae that radiate to the
center of the leaflets are acting at a flat
anglc in many cases at a significant
mechanical disadvantage, because the
papillary muscles are located beneath
("lnd he]lin(l th{: C()m]l’]i.‘isurcs.

The (:t)r(}llar_\_' of these observations
is that the central goals of mitral-valve
rcpair must be to restore uptimal over-
lap of the leaflets b}' proper annular
reduction in combination with optimal
artificial chordal alignmcnt This is
dependent upon the chordal length and
alignment of the papillary muscles in
relation to the mitral annulus, annular
dimensions, and the interpapillary dis-
tance. In the techniques used in this
stud\' these three sets of dimensions are
evaluated and adjusted simultaneously.

Attachment of the left atrium to the
annulus and ostium is variable. The left
atrial muscle continues downward over
the annulus onto the atrial surface of the
leaflets. This layer of muscle is known
as the "atrialis muscle," and is most
constant over the anterior leaflet where



it extends over the aortic mitral conti-
nuity onto the anterior leaflet. At its
termination with the anterior leaflet, it
forms the hingc point of the anterior
leaflet seen on cchocar(liugrapl'l}-;?

Left-atrial contraction causes mild
constriction and elevation of the mitral
annulus just before the onset of left-
ventricular systole. During early left-
ventricular systole, the area of the
mitral orifice is reduced by approxi-
mately 25% to 30% by effects of the
left-atrial contraction and left-ventricu-
lar contraction. This change not only
reduces the length of the posterior two-
thirds of the annu]us but also increases
the height of the center of the antero-
posterior dimension of the mitral annu-
lus, in the shape of a saddle with the
p{}mmcl Ell'ltl.‘.['i(]l‘l)’. These L‘.hangcs in
the annulus shorten both the commis-
sure-to-commissure and antero-posteri-
or dimension of the annulus and i)ring
the posterior mitral leaflet into closer
apposition with the anterior leaflet.
Total leaflet area is approximately 150%
to 200% of the area of the mitral orifice
in diastole and the leaflets overlap by
appr{)xnnat(‘]\ 1 em at the free (‘{]Ll‘
(1].[[""1& systolic apposition of their |0ugh
area at pcak sy stole. The anterior leaflet
alone has suflicient area to occlude the
entire mitral orifice, because of the
reduced orifice area in systole.

The mitral annulus is elevated into
the left atrium relative to the left-ven-
tricular apex during diastole, and reach-
es its maximum atrial p()siti(m (|u1‘i11g
atrial 5}'51(1|t?. At the start of isovolumic
ventricular systolic contraction, the
annulus descends toward the apcx‘”‘m
The end-diastolic and isuvolumi&sys—
tolic changes are simulated in the Amer-
ican Correction by progressive inflation
of the left ventricle with saline.

PATHOLOGY OF MITRAL-VALVE

INSUFFICIENCY

In the United States, the two most
common causes of mitral insufficiency
are myxomatous tlcgcncratinn of the
mitral valve and acute or chronic
ischemic (‘al‘(liom\-'()path\'. Myxomatous
dcguncrat]()n is characterized h\
cn]arng thickened pr()lapsmg leaflets
with elongated chordae, and annular
d]latat]un th(lughl to be due to struc-
tural determratmn of the leaflets and
chordae secondary to abnormality of
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Flgure 6. The chordae are tied down and the flexible annuloplasty ring is attached with a continuous 2-0
polypropylene suture. The dots and PTFE knots are now buried in the line of leaflet apposition.

fibrillin synthesis."” Despite these
changes, the majority of myxomatous
valves are competent.’**" Mitral regur-
gitation can dcrelnp because of severe
annular dilatation alone, as is seen in
"Barlow's Valves." Asymmetrical leaflet
apposition due to chordal {‘](mg"ltinn or
rupture is the most commonly encoun-
tered palhulugl( fmdm; and usually
associated with marked annular dilation.,
Currently, recognized is that the leaflets
of myxomatous valves, while large,
redundant, and excessively elastic are
strong, whereas the chordae are seri-
ously weakened.?”? Systolic anterior
motion (SAM) of the anterior mitral
leaflet is larc]\ seen in the unope rated
state. Thus, hru: redundant leaflets
alone cannot be the cause of SAM.
Resection of myxomatous-valve tissue
not only is unnecessary, but is actually
harmful because it reduces valuable
This, in turn, demands a
greater reduction in annular size by use
of a smaller annuk)])last}‘ ring the real
cause of perioperative SAM.

Clearly, the ideal procedure should
be directed at restoration of the proper
line of apposition of the leaflets by
replacement of diseased chordae and
correction of excessive annular dilata-
tion by the amount necessary to
enhance leaflet apposition and reduce
chordal stress. The Pr()hlcm has been
that in the arrested,
assessment of artificial chordal lcngth
and extent of optimal annular reduction

leallet area.

relaxed heart,
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have been difficult to predict. Adjacent
valve tissue is not al\\‘a\'x' an accurate
guide, as leaflet sy mmetry is often lost
in myxomatous disease.'™"® This diffi-
cull}' has largt‘]}' existed because the left
ventricle elongates during late diastole,
and chordae ])laccd in the relaxed heart
tend to be too short, and cause leaflet
restriction in the beating heart. Choice
of the correct size of annulnplast\ ring
in the relaxed heart also is difficult "md
increases the risk of failure of the repair
either from residual mitral insuﬂ‘l(‘ivm‘_\'

(too large) or SAM (too small).

PRINCIPLES OF SURGICAL REPAIR

To overcome these pml)k‘nh‘ %urgi(‘al
I.l_'(_hnl(lul_'\ l()r re ]‘J:llr (]l ITI\ xomatous-
mitral valves have Lmdvrgonv substantial
modification in the author's center over
the last 30 years. lnltla”\ the L(‘Lhmquts
described b\ Larpcntlcr were used. Car-
pentier called these "The French Correc-
tion",?>?® which involved the use of a
rigid annuln])]aﬁt}' ring r|t'signcd to
restore thl_' annu]ﬂl_ p]'(]P()I'ti(]nS [)i‘a nor-
mal mitral valve based on the size of the
anterior mitral leaflet of the patient. The
chordal abnormalities were corrected by
means of resection of leaflet segments
affected by diseased chordae (quadr.‘mm
or tr]angu]ar resection) or transposition
of less-affected chordae from other more
n[)]’n’lﬂ] S('g[]](‘l]ts,
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These techniques have a number of

intrinsic dlsa(l\anta&’u They can be

applied only to appmx]matcl\ 70% of

diseased vaives. Anterior leaflet repair
is difficult.?® The annulus is made
immobile by the rigid ring, and is usual-
l)-‘ mi]d])’ stenotic. S)’Stn]i(.‘ anterior
motion of the anterior-mitral leaflet is
present in 15% (lfpaticnts. The posteri-
or leaflet is us‘ual]\' made immobile IJ\'
distortion of the rcmalnmg chordae, lhc
"toilet seat" dc[ormlt\ All
chordae are affected by mv\mm"llous
disease and the use of diseased native
chordae is not ideal.

Three important developments led
us to completely abandon the Carpen-
tier tcchniqucs many years ago. The
first of these was introduction into
clinical practice of PTFE suture mater-
ial as an artificial chordal substitute.
The author and col]eagues have cur-
rently accumulated a large experience
with this material during a 20-year
period. Our favorable experience with
chordal replacement is similar to that
of others.’’*® The PTFE c}()scl}' mim-

socalled,

ics the mechanical characteristics of

natural chordae.’ PTFE allows cor-
rection of chordal abnormalities at all
sites on both leaflets. It produces
restoration of the ph}'si()l(;gic mitral-
valve function.

Secondly, the recognition that the
chordal pathologic findings and annular
dilatation are responsible for the mitral
regurgitation, not the leaflets, leads one

to believe that leaflet resection was
unnecessary and correction of the mar-
ginal chordal abnormalities by artificial
chordal replacement with preservation
of the leaflets seemed a more logical
approach.

Thirdly, the active role of the mitral
annulus, and critical importance of the
intt:rpla)’ between annular dimensions
and chordal ]L’ngth and leaflet apposi-
tion, is currently more fully under-
stood.

Surgica| tcchniqucs have been devel-
oped b}-‘ the author and C()]]vaguus to
accomplish this in a systematic fashion,
and are known as "The American Cor-
rection." It is these evolutionary tech-

niques that currently allow repair of

almost 100% of myxomatous valves.*

The "French" and "American" correc-
tions are based on entirely different
concepts. In the French Cm:l'u(:liml, an
attempt is made to restore normal pro-
portions to the ru;‘lati(mships of the
annulus and anterior and posterior
leaflets to each other. To accomplish
this, the area of the anterior leaflet is
used to establish an index dimension
without consideration of the size of the
posterior leaflet or preoperative annular

dimensions.”? The size of the rigid
£

Type of Mitral Surgery Performed

2000-2004

Figure 7. Trends in proportion of valves repaired according to time period of surgery.
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annuloplasty ring is based only on this
measurement. The wide variations in
the areas of myxomatous-posterior
leaflets relative to the anterior leaflet
are compensated for b\ posterior leaflet
\hdllltl maneuvers and "posterior leaflet
hcwhl adjustments in which posterior
leaflets are reduced in size by resection.
They are viewed as a problmn in need of
correction.’””” Leaflet prolapse from
elongated or ruptured chordae is treat-
ed h'\' resection of the pmhpsing seg-
ment.

In the American Correction, the
wide variations in sizes and proportions
of the annulus, and anterior and poste-
rior leaflets characteristic of myxoma-
tous mitral-valve disease, are recog-
nized as an intvgra| part of the discase
state and are viewed as ad\'antaécnus
The weak myxomatous margﬁunl chor-
dae are viewed as the primary cause of
the leaflet prolapse along w ith the annu-
lar dilatation and ]erf, strong leaflets,
are preserved without any resection to
enhance restoration of the normal I—cm
apposition of the free edges of the
leaflets.
leatlets have been restored to proper
allg_‘nm('nt by PTFE chordal ILpla( e-
ment,

After the free t(]i\l.‘s of the

the left ventricle is distended
with sallm' and a flexible .mnult)plast\
ring is chosen of the largest size that
allgm the leaflets to ensure closure with
a l-cm line of apposition. All adjust-
ments are made by nmmpuhtmn of
PTFE chordal It‘l'lglll and choice of the
total circumferential annular dimension
during left-ventricular distension.
Leaflet resection is not required. No
effort is made to restore "
I'}}lt)](]g}' |1L')'t>l1(| restoring the "normal"
line of apposition.

In myxomatous disease, a full flexi-

normal" mor-

ble ring annul()phst\ is used lmmml\’
because of the evidence mentioned ear-
lier that the anterior one-third of the
mitral annulus can enlarge despite being
a fibrous structure”'' On average, ring
annuloplasty reduces the annular
anteroposterior diameter b\ 10 mm
tol5 mm. Routinely, results are good.
Elimination of all mltml regurgitation is
achieved routinely. In younger patients,
especially younger females, a 7-cm to
10-cm midline incision, low on the
chest, is used. Despite application of
the American Correction to more com-
plex groups of patients, reoperation
rates have been comparable to the high-
ly selected French Correction
patients. >



DETAILES OF SURGICAL TECHNIQUE

The first step in the American Cor-
rection is a careful review of the pre-
and intraoperative transcs()phagual
t‘L‘]m('ardiograph\; The chest is entered
either through a full median sternotomy
or a limited lower sternal incision. The
‘iup(‘rl()r a['l(l II‘II(‘I'I()I‘ véna cavas are
mobilized extensively. Cardiopulmonary
bypass is established with bicaval 24-
French cannulas, vena caval tapes, and
dynamic venous drainage. The heart is
arrested with cardioplegia. The left atri-
um is entered through an extensive
interatrial incision and the mitral valve is
L‘.xpnscd. Stay stitches of 2-0 p()l)‘p:‘()p}_'—
lene are placed: two anterior to the
commissures into the right and left
fibrous trigones, and two in the posteri-
or annulus. The annulus, valve leaflets,
chordae, and papillary muscles are
examined. The left ventricle is inflated
with 75 mL to 100 mL of saline. An aor-
ti(.‘-\-‘(fnt n(_‘l_’dl(_' I‘)[)Cn to all‘f‘l().‘iphtr‘c 1‘)
used to minimize the risk of air
embolism to the right ventricle during
these maneuvers. The abnormal struc-
tures are identified. Leaflet prolapse is
corrected h}' insertion of #5 PTFE
sutures. The sutures are first placed into
the bases of the postero-medial, antero-
lateral papillary muscles in a hLmL’ of-
eight fashion, or both (Fig. 1). An effort
is made to .s(‘iLCt an attachment site that
will (lupli(‘at(‘ the normal chordal geo-
metrical orientation.

The PTFE chordae are |)1'0ught
thruugh the free cdgu of the ])mhpsmg
segment as a rolling stitch (Fig. 2). This
second passage through the tissue pro-
vides sufficient friction to hold the
length of the chordae constant during
adjustment of the realignment of abnor-
mal leaflet segment with the adjacent
and opposite leaflet edges. Dots are
placed 5 mm to 10 mm from the free
edges of the leaflets with a marker pen
to mark the desired line of apposition
(Fig. 3). The ventricle is again inflated
with saline (Fig. 4). The two stay stitch-
es in the posterior annulus are hrmlghl
forward to simulate effects of the annu-
loplasl)' ring on the posterior annulus to
bring the lines of dots on both leaflets
into apposition. Leaflet alignment is
checked and the PTFE chordae are fur-
ther adjusted as needed (Fig. 5). In
patients with s}rmmctrically prolapsing
leaflets and annular dilatation only
("Barlow's" valves), no PTFE is needed

Cardiovascular Surgery

SURGICAL TECHNOLOGY INTERNATIONAL XV

and the annulus is adjusted after marking
the leaflets, usually with a 33-mm or 31-
mm ring. At this point, the mitral orifice
is sized a('cording to its circumference
and the appropriate flexible ring chosen.

The PTFE is tied down with 10
throws and the knot is locked with a 6-
po]}-‘pr()p_\_']cnu stitch tied over the end
of the PTFE knot to prevent sliding of
the PTFE knots. The annu|0p|ast)' ring
is secured to the annulus with the previ-
ousl}' pla(‘t’(i trignnal 2-0 sutures in con-
tinuous fashion (Fig. 6). The valve is
again t tested by saline insufflation of the
left ventricle. The left atrium is closed.
The air is evacuated,
dioplegia given, and aorta unclamped.
The operation is Complcted and repair
checked h\ lr"mseanphagval echocardio-
graphy (TEE). Further technical details,
including a video of this technique, are
available at www.geraldlawriemd.com.
All patients un(l(‘rgo postoperative
transthoracic (‘L'hocar(lic')graph’\' before
(|i_~4t‘.harg(‘,

ISCHEMIC MITRAL REGURGITATION

The term, ischemic mitral regurgita-
tion, describes a complex group of con-
ditions wusually associated with
intrinsically normal mitral-valve leaflets
and chordae. Acute mitral regurgitation
may occur after extensive inferior-wall
infarction, which may cause elongation

warm blood car-

of the mitral annular-papi”ary muscle
distance due to compromise or rupture
of the postero-medial papillary muscle.
Chronic ischemic mitral regurgitation
is seen in association with inferior-wall
motion abnormalities that cause a
restrictive defect due to inferior and lat-
eral displacement of the posteromedial
papillary muscle.*' In patients with dif-
fusely poor left ventricular function,
spherical dilation of the left ventricle
causes dispia(.‘cmcnl of the bases of the
papillary muscles downward and out-
wards away from each other, again caus-
mg restr ILtl\L‘ mitral regur thatlun
Surgmal correction of both the latter
conditions involves marked reduction of
the }L’“L‘th of the posterior mitral annu-
lus, capt‘ua]l\ the posteromedial portion
as (ll. scribed t)IlLlI’Id”\ by Kay and col-
leagues,*'** llhuuch ‘the initial annular
dimensions may be normal. The annulo-
plasty has been “shown to bri ing the tips of
the papillary muscles closer together and

improve leaflet apposition.** 3

SURGICAL TECHNIQURE—ISCHEMIC
MITRAL REGURGITATION

The author and colleagues have
dc\vh)pc(l a two- |a\v annul()pl.‘ul\
tcthmquc for correction of this type of
ischemic mitral regurgitation. The first
layer consists of a Kay plication annulo-
])lil&l\ to abolish most of the P3 se gment

Effect of Complex Repair on Freedom from Reoperation
657 MV Repair Patients, 1983 - Present
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Figure 8. Comparison of simple and complex repairs on reoperation rates (Kaplan-Meier analyses).
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Mitral Valve: Toward Complete Repairability
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Effect of Leaflet Pathology on Freedom from Reoperation
657 MV Repair Patients, 1983 - Present
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p=0.0019

myxomatous
degenerative

Figure 9. Comparison of reoperation rates for various leaflet pathologies. The best durability is obtained in

myxomatous valves.

of the mitral annulus at the postero-
medial commissure.*' The Kay tech-
nique allows much greater annular
reduction than can be achieved with
ring (‘lnnu|f)]) asty alone. This procedure
is followed by a flexible partial ring
annuln[ﬂast\ of the entire mitral poste-
This additional layer is
(lt'xignvd to stabilize the ])Iicatcd medial
portion, as the Kay annulup]mt\ is less
durable than a ring annuloplasty.* This

rior Il]'ll']Lllllh.

technique has produced durable and sta-
ble reduction of the posteromedial
annulus and elimination of the ischemic
mitral rcgurgilatiun,

Use of these impl‘m'v(l 1('('hl1i(|uc.~:
have enabled us to increase our overall

Percentage of Mitral Valve Repairs
Reoperated on by Year of Original Repair
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Figure 10. Overall number of patients requiring reoperation according to the year of surgery.
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repairability rate to more than 90%,
with a repair rate of close to 100% for
myxomatous valves (Fig. 7). Analysis of
](mg term follow up has demonstrated
goml durability of the repairs despite
the increased repair rate (Figs. 8 & 9).
Anal}sm of reoperation rates over time
has shown no increase n'.(.‘untl}' duspitc
the more ('()mph'x repairs p(‘l'fm'm(‘d
(Fig. 8). In fact, the rates of reoperation
have declined (Fig. 10). The major
problem remains the rheumatic valves
with fibrotic and calcified leaflets. The
major determinant of need for reopera-
tion has been the preoperative patho-
logic findings (see Fig. 9). Patients with
rheumatic and other chronic inflamma-
tory leaflet path()l()gim continue to have
lower repairability rates. Our clinical
and echocardiographic results using
PTFE chordae are similar to those (im—
umented by other authors.***’

MANAGEMENT OF ATRIAL FIBRILLATION

Atrial fibrillation develops eventu-
ally in mitral stenosis and regurgita-
tion as the left atrium dilates and
develops myocardial and electrical
changes. Atrial fibrillation leads to
embolic complications, impaired car-
diac function, and reduced long-term
survival. Correction at the time of

valve surgery is performed currently
in all our patients. The procedure of
choice is the Maze procedure that has
a 98% drug—l‘rcc cure rate of atrial
fibrillation at three months of follow
up. Excision of the left-atrial appen-
(lﬂgv is an int(‘gml part of the proce-

dure.*’*

Open isolated repair of insufficient
mitral valves is ut;uaH\' performed cur-
re nt|\ thr nus_‘h limited-access exposures
with a mor mlm rate of less than 1%
and a high Iong—tcrm success rate. Open
repair can be combined with other
heart-valve surgeries, coronary bypass
or Maze plou:durvs, with further
enhancement of outcome. As the first
decade of the 21* century reaches its
midpoint, mitral-valve repair continues
to evolve as the treatment of choice for
the majority of patients with mitral

insufficiency. Hil
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