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Mitral Valve Replacement and Remodeling of the Left Ventricle in
Dilated Cardiomyopathy with Mitral Regurgitation. Initial Results
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Fernando Bacal, Charles Mady, Fdbio Fernandes, Giovanni Bellotti, José Antonio Franchini Ramires,
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Sao Paulo, SP

Objective - This study evaluated the effects of a new
method of mitral valve replacement on left ventricular
(LV) remodeling and heart failure functional class.

Methods - Eight patients (6 men) with severe mitral
regurgitation from end-stage dilated cardiomyopathy
underwent surgery. Five patients were in functional class
(FC) 1V, 2werein FC Il and 1 was in FC III/IV. Age ranged
from 33 to 63 years. Both the anterior and posterior leaflets
of the mitral valve were divided into hemileaflets. The
resultant 4 pedicles were displaced under traction toward
the left atrium and anchored between the mitral annulus
and an implanted valvular prosthesis. The beating heart
facilitated ideal chordae tendineae positioning.

Results - All patients survived and were discharged
from the hospital. After a mean follow-up period of 6.5 mon-
ths (1-12 m), 5 patients were in FC I; 2 in FC I/II; and 1 in
FCIIL The preoperative ejection fraction ranged from 19%
to 30% (mean: 25.7+3.4 %), and the postoperative ejection
fraction ranged from 21% to 40% (mean: 31.1+ 5.8%).
Doppler echocardiography showed evidence of LV remode-
ling in 4 patients, including lateral wall changes and a ten-
dency of the LV cavity to return to its elliptical shape.

Conclusion - This technique of mitral valve replace-
ment, involving new positioning of the chordae tendineae,
allowed LV remodeling and improvement in FC during
this brief follow-up period.
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Functional mitral insufficiency (FMI)isnotararecom-
plication of advanced dilated cardiomyopathy (DCM). Itre-
flectschangesinleft ventricular (LV) geometry, thesubval-
vular apparatus, the mitral valve areaand transvalvular
pressures. Petientswith DCM and FM | haverefractory con-
gestiveheart failureand high mortality whenin functional
class(FC) Il or V. Blondhein et al * reported survival rates
over 32 monthsof 59%in patientswith DCM without FMI,
26% in those with DCM and discrete FMI, and 17%in
patientswith DCM and moderate-to-severe FMI.

Although heart transplantation isthe standard treat-
ment for advanced DCM, thefew availabledonor heartsare
insufficient to supply all patients awaiting the organ. Ste-
venson et al ? reported amortality rate of 46% per year in
patientswith anindication for cardiac transplantationwho
werewaitingfor adonor. Othersareexcludedfromtheorgan
waiting list because of advanced ageor clinical contraindi-
cations.

Alternativesto heart transplantation have been propo-
sedtoimprovequality of lifeand decrease mortality inthese
patients. FMI reflectstheworst clinical evolution of DCM,
and 2 techniques have been used to correct it. Thefirst te-
chnique, mitral valvereconstruction, wasproposed by Bol-
ling et al 3. Thistechniqueinvolvesreduction of thedilated
mitral annulus, thus, LV remodeling becauseof adecreasein
thebasediameter. Thesecond technique, mitral valverepla-
cement, was proposed by Buffolo et al . Thistechnique
correctsvalvular insufficiency and decreasesL V basedia-
meter. It involvesimplanting asmall-diameter prosthesis
and anchoring the 2 anterior valve hemileaflets, with their
respective chordae tendineae, to the mitral annulusto as-
sist theremodeling process.

Weused mitra valvereplacement totreat patientswith
DCM and FMI inthisstudy. Our primary objectivewasto
evaluate the short-term effects of valve replacement with
new positioning of thechordaetendineaeon LV remodeling
and FC. First, weatered thesubvalvular apparatustoisola-
te4 pillarswith chordaetendineae, 2 fromtheanterior leafl et
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and 2 fromthe posterior leaflet. Then we anchored these4
pillarsand their associated chordaetendineae, under tensi-
on, tothemitral annulustofacilitateL V remodeling by the
traction of papillary muscles on the ventricular wall. We
compared pre- and postoperative echocardiographic and
clinical datatodeterminetheclinical utility of thistechnique.

Methods

Eight consecutive patientswith severe LV systolic
dysfunction, DCM, and FMI, who werereceiving optimal
medical therapy, underwent surgery at theHeart I nstitute of
theMedicineFaculty Clinic’ sHospitd of S&o Paulo Univer-
sty from July 2000to July 2001. All patientsprovidedinfor-
med consent and the study was conducted in accordance
with institutional guidelines. A prospective analysiswas
carried out using clinical and echocardiographic datafrom
their postoperative course.

Six patients (75%) weremaleand 2 (25%) werefemale.
Themean patient agewas51 years(range: 33to 63 years).
Upon hospital admission, 5 patients(62.5%) werein heart
failurefunctional class(FC) 1V, 2 (25%) werein FC111 and 1
(12.5%) wasin FCI11/1V. All patientsincluded inthisstudy
had left ventricular gjectionfraction (EF) £30%.

Six patientswerebeing followedfor idiopathic cardio-
myopathy, onefor postpartum cardiomyopathy and onefor
coronary artery disease. Two patientswere excluded from
thetransplantation wait list because of renal failurerequi-
ring dialysis (cases 2 and 3) and/or a psychiatric distur-
bance (case 3) (tab. ). The number of hospital admissions
dueto congestive heart failurefor these patientsin the past
12 monthswas5.6x3.8 (range: 3t0 10). Threepatientswere
intheintensivecareunit (ICU) in cardiogenic shock at the
timeof surgery.

Pre- and postoperative transthoraci c echocardiogra
phic examinationswere performed to eval uatethe degree of

Table I - Patient characteristics

Sex Age(y) FC EF% N° of previous Etiology

hospital admissions

M 51 \ 24 6 Idiopathic
cardiomyopathy
F 57 \ 25 5 Idiopathic
cardiomyopathy
M 60 1 25 4 Idiopathic
cardiomyopathy
M 42 \Y 19 6 Ischemic heart
disease
M 63 \% 30 7 Idiopathic
cardiomyopathy
M 46 \ 28 10 Idiopathic
cardiomyopathy
F 33 1 29 4 Postpartum
cardiomyopathy
M 56 nnv 26 3 Idiopathic

cardiomyopathy

FC- heart failure functional class (NYHA); EF- left ventricular ejection
fraction; y- years.
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mitral insufficiency and LV functioninall patients. Transeso-
phageal echocardiography was performed during the
operations. Hemodynamic parameterswerederived froma
Swan-Ganz catheter before and after the cardiopulmonary
bypass and on the 2™ and 3" postoperative days. Patients
wereonly usingintermittent vasodil ator and diureticsdrugs
and nomorethan 5 meg/kg.min of dobutamineat thesetimes.

M easureswere compared viasimple univariate sta-
tigtical analysis, using the Student ¢test, and, when neces-
sary, the chi-square test. A p value of <0.05 was con-
sidered statistically significant.

Surgical technique- Thepatientswereoperated onvia
medianthoracotomy. Normothermic cardiopulmonary by-
pass was established using membrane oxygenators. Myo-
cardial protection was achieved with anterograde normo-
thermi ¢ sanguineous cardiopl egiaassociated with corona-
ry reperfusion, whenever thesurgical timepermitted.

Inmost cases, themitral valvewasaccessed viaincisi-
on of theright atrium, roof of theleft atrium and atrial sep-
tum, asdescribed by Guiraudon et al 6. Themitral anterior
leaflet was sectioned in half from the valve annulusto the
commissural areas. Theresulting hemileafletsconstituted 2
pillarswithall of thechordaetendineae of theanterol ateral
and posteromedial papillary muscles. The other 2 pillars,
formed by fragmentsof the sectioned posterior |eafl et, had
the most important chordae tendineae of the 2 papillary
muscles(fig. 1).

The suture lines hel ped to anchor the prosthesis and
the4 pillarsinaconvenient position that wasin accordance
withthedirection of the papillary musclesand would allow
equal dispersion of forces. Inthisposition, thepillarswere
held between theannulusand the prosthesis. Thelength of
excess chordae was exteriorized to the left atrium while
traction and adequate tension on the papillary muscles
weremaintained (fig. 2). Thebeating heart facilitatedidesl
chordae tendineae positioning, which was designed to
mai ntaintension onthe papillary muscles.

Fig. 1 - Schematic presentation of the surgical technique. A) Mitral valve. B) Mitral
valve observed through the left atrium, showing the place of the section of the cusps.
C) The 4 pillars. D) Mitral prosthesison mitral ring with the 4 pillars.
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Fig. 2- Thelarge and small arrows, respectively, indicate the pillars of the anterola
teral and posterolateral papillaries muscles.

Results

Bioprostheses, consisting of 5 porcinevalvesand 3
bovine valves, wereimplanted in all patients. We used a
prosthesiswith adiameter that waslessthan usual ineach
patient. Weused anumber 27 valvein 2 cases, 29in 5 cases,
and 33in 1 case; thelatter patient had undergonemitral re-
constructionin the past year. Additional procedureswere
carried out in 3 patients consi sting of aortic valvereplace-
ment (case 2), tricuspid valve reconstruction (case 3) and
coronary artery bypassgrafting (case4).

Thecardiacindex (Cl) ranged from 1.3t0 3.5 (mean:
2.3+0.71) L/min. m? preoperatively and from 3.6 t0 5.8
(mean: 4.78+0.76) L/min. m? postoperatively (tab. I1).
Comparison of thesedatarevealed asignificantincreasein
Cl (p<0.0001) after theprocedure. Thecardiac output (CO)
and left ventricular EF also increased significantly
postoperatively. The preoperative CO ranged from 2.2to
4.7 (mean: 3.31+ 0.83) L/min and the postoperative CO

Table II - Preoperative and postoperative hemodynamic
measurements

Patient Cardiac index (L/minx m?)

Pre Post
1 35 51
2 2.1 5.8
3 3.1 5.2
4 2.0 51
5 1.7 4.5
6 25 3.8
7 2.2 52
8 1.3 3.6
mean 2.3+0.71 4.78+0.76
P <0.0001
Pre- preoperative; post- postoperative. Hemodynamic measurements
were obtained after induction of anesthesia, without vasoactive drugs,
and postoperatively, with no more than 5 mcg/kg x min of dobutamine
and oral vasodilators. The Student ¢ test was used for statistical analysis.
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rangedfrom5.7t06.9 (mean: 6.22+0.4) L/min (p=0.0001).
The EF ranged from 19% to 30% (mean: 25.7+3.4%)
preoperatively and from 21%to 40% (mean: 31.1+5.8%)
postoperatively (p=0.003) (tab. I11) (fig. 3).

Inregard to geometry, atendency toward reduction
in the LV end-diastolic diameter was observed. This
diameter ranged from 64 to 84 (mean: 71+6.6) mm preo-
peratively and from 62 to 81(mean: 69+7.2) mm postope-
ratively (p=0.081) (tab. I11). TheLV end-systolic diameter
significantly decreased after the surgery, ranging from 53
to 75 (mean: 61.8+7.3) mm preoperatively and from46t0 68
(mean: 57.2+8.2) mm postoperatively (p=0.0008) (tab. I11)
(fig.4,5,and e6).

All patients were discharged from the hospital and
subsequent admissionsfor heart failurewerenot recorded.
Thefollow-uptimeranged from 1to 12 months(mean: 6.5).
All patients experienced significant improvement intheir
heart failure FC, with FC decreasing by 1 to 3 stepsper pa
tient (tab. V). Thus, patientsrequired|ess medication pos-
toperatively than preoperatively. After the surgery, 5
(62.5%) patientswerein FC1, 2 (25%) werein FCI1/I1,and 1
(12.5%)wasinFCII (p=0.001) (tab.1V).

Table III - Preoperative and postoperative echocardiographic data
Patient LVEDD LVESD EF%

Pre Post Pre Post Pre Post
1 78 78 71 67 24 29
2 65 62 53 48 25 35
3 76 68 67 61 25 28
4 68 66 59 59 19 21
5 64 64 53 46 30 40
6 71 71 63 58 28 29
7 65 62 58 51 29 36
8 84 81 75 68 26 31
M 71+ 66 69 +£7.2 61.8+7.3 57+8.2 257+34 31.1+58
P 0.081 0.0008 0.003
LVEDD - left ventricular end-diastolic diameter; LVESD- |eft ventricular
end-systolic diameter; EF- left ventricular ejection fraction; Pre-
preoperative; Post- postoperative.

vl

Fig. 3- Diastolic and systolic aspect of theleft ventricle after the surgery.
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Fig. 5- The preoperative transthoracic echocardiography evaluation of the dilated
left ventricle.

Fig. 6 - The preoperative appearance. Note the reduction of left ventricular cavity
(arrows).

Discussion

Congestiveheart failureisfrequently observedinthe
final stages of cardiomyopathy, independent of the etiol o-
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Table IV - Clinical evolution

Patient NYHA heart failure functional class

Pre Post
1 v |
2 v I
3 1 |
4 v |
5 \ |
6 \ 1n
7 1] 1
8 nnv |
m 3.6+0.5 1.4+0.5
p 0.001
NYHA- New York Heart Association. Preoperative and postoperative
clinical evaluation. The Student ¢ test was used for statistical anaysis.

gy, contributing to a 1-year survival rate of 50%for patients
inFCIV 8 By clinical surveillance, Barreto and Ramires®
demonstrated that this pathol ogy accountsfor two thirds
of thetreatmentsfor cardiovascul ar disease. When medical
treatment does not afford sufficient improvement and the
heart failure becomesrefractory, surgica approachescanbe
used in selected casesto changetheclinical evolution.

Heart transplantationistheideal treatment for patients
inFCIII or IV. However, not enough donor heartsareavaila
bleto meet patient demand. Furthermore, somepatientsdie
whileontheorganwaitinglist *° or havecontraindicationsto
heart transplantation. Alternativesto transplantation have
been used to improve survival and optimize clinical outco-
mes. Thesetechniquesinclude dynamic cardiomyoplasty &,
myocardial revascularizationinischemic DCM *2, partial |eft
ventriculectomy®2, biventricular pacemaker insertion**and
valvereconstruction ** or replacement.

FMI isanegativedevelopmentintheclinical evolution
of DCM that increasespatient mortdity*. Thevalvelesflets
do not undergo anatomic changesin DCM; however,
changesof other structurescausedilatation of themitral an-
nulusandvalveregion. Thesechangesincludegeometricdi-
sarrangement of the LV (ie, atendency of theLV tobecome
spherical), anincreaseinthesizeof theventricular cavity, dis-
placement of papillary muscle basesin posterolateral and
apicd directionsand an increasein the heart base. There-
sultant dilation of the annulus and valve region does not
permit theleafl etsto remaintogether during ventricular sys-
toleand arapidly progressivemitral insufficiency devel ops.

As symptoms of FMI increase, survival decreases.
TheFMI createsavolumeoverloadinthedilated | eft ventri-
cle. Thus, theLV diameter increasesand themitral annulus
becomesmoredilated. Astheheart failureworsens, maximal
medical treatment isused and thefrequency of hospital ad-
missionsincreases. Thenext stageisadmissiontothel CU
because of cardiogenic shock.

Effectivesurgical correction of mitral valveinsuffi-
ciency isimperative. The moderate blood volume that
returnsto the left atrium does not compromise cardiac
output by aleft ventricle with preserved and adapted
function, but is deleteriousin patients with DCM. In
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thesepatients, LV functionisalready pushed toitslimit
and the ventricle is without reserve power to adapt to
mitral valveinsufficiency.

Mitral reconstruction offersthe attractivefeature of
preservation of the natural valve. Withthe decreaseinthe
posterior part of the valve annulus and, therefore, the
heart base, themitral insufficiency iscorrected. Thus, the
left ventriclemust acutely adapt to the changein diastolic
volume, because reflux to the atrium no longer occurs.
Although mitral valve reconstruction does not signi-
ficantly alter the EF, anincreasetakesplacein theeffective
cardiac output because the systolic volume is now
anterograde. Theresidual valveinsufficiency after mitral
reconstruction ranges from 16% to 33%, as reported by
Bolling et al 3¢, Calafioreet a " observed somedegree of
mitral valveinsufficiency in 27 of 29 patientswho under-
went valve reconstruction. Another factor that warrants
considerationisthat mitral valvereconstruction doesnot
affect the subvalvular apparatus.

Mitral valvereplacement shouldtotally correcttheval-
veinsufficiency. Bufollo et a 4 believethat theinconveni-
ence of inserting a prosthetic device in these patientsis
irrelevant, despitethefact that thetime of valve use exceeds
thesurvival index. Highmortality with valvereplacement
wasobserved by Lillehei et d *® whenthechordaetendineae
had been sectioned. In 1964, these authors proposed pre-
servation of the chordae tendineae and mai ntenance of the
continuity between the papillary musclesand mitral valve
annulus. With thistechnique, theincidence of low-output
states was reduced and postoperative mortality decreased
from 37%t014%.

In 1988, Miki et al *° proposed preservation of the
chordae tendineae and the division of the anterior |eaflet
into 2 segments, that were displaced and resttached to the
mitral annulus of their respective commissural areas.
Buffolo et al * proposed that, inthe treatment of DCM, the
anterior |eafl et chordae could be anchoredin commissural
areastoreducethelL V longitudinal axisand reestablishits
eliptical shape.

Thepapillary musclesplay animportant roleinventri-
cular contraction. Secured by the atrioventricular ring,
these muscles approximate the anterol ateral and postero-
medial wallsduring systole, thus, determining thedegree of
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longitudinal axislessening and modification of the spheroid
ventricle®,

Thetechnique we useto treat DCM maintains chor-
dae tension inside the left ventricle by displacing excess
chordaetendineaeto theleft atrium. Thissurgical strategy
moves 1 step closer to lessening the LV longitudinal axis
andinducingreturn of itselliptical form. Thetraction, ade-
guate positioning and anchoring of the chordae tendineae
at 4 pointsintheatrioventricular ring should disperse,ina
more physiologic manner, the papillary muscleforcesthat
actontheventricular wall. Thisbreak inLV wall expansion
during diastole, in the absence of volume overload after
correction of valveinsufficiency, can create conditionsthat
further reducetheL V longitudinal axis, causeregression of
thespherical formandimprovesystolicfunction.

Theechocardiographi c datasuggest that thispossibi-
lity may explainthe postoperativeimprovementin EFin6
patients. Whenweanayzed alterationsintheL V segments
contractility, we saw improved regional contraction of the
wallsrelated to the papillary muscles; thisimproved con-
tractility was of variableintensity and most commonly in-
volvedtheanterolateral wall. Potentially, thisrecuperation
of regional contractility explainstheincreaseinthe EF ob-
servedin most patients. Through analysisof LV cavity geo-
metry, we also noted atendency of the left ventricletore-
gress from the spherical shape observed preoperatively.
Thisreturntowardtheorigind elliptical shapeof theLV may
reflect anincreasein parietal systolicthickness, asdemons-
tratedinthe 2-D echocardiogram, and areductionintheLV
transversediastolic diameter.

Patientsin thelast stages of DCM and FMI havedi-
seaseattributableto different etiologies. Thus, itispossible
that, even with the same treatment, patient outcomes may
differ. A highincidenceof Chagas cardiomyopathy existsin
our continent. We believethat application of thissurgical
techniqueto carefully selected patientswith Chagas' car-
diomyopathy may produce favorable results.

Our early resultsdo not permit definitiveconclusions,
asour samplesizewassmall and the postoperativefollow-
uptimewasnot long. However, thegood clinical evolution
of these patientsjustifiesthe continued application of this
technique, particularly in patientswith FC 1V, that i sasso-
ciated with highmortality.
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