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Abstract

Objective: This study aimed at evaluating results of mitral
valve replacement using a new technique of complete chordae
tendineae adjustment for left ventricular remodeling.

Methods: Twenty end-stage idiopathic dilated
cardiomyopathy patients with severe functional mitral valve
regurgitation underwent mitral valve replacement.
Seventeen (85%0) were in Functional Class IV. Both anterior
and posterior leaflets of the mitral valve were divided to obtain
4 pillars of chordae tendineae. These were displaced with
traction toward the left atrium and anchored between the
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mitral annulus and a valvular prosthesis. To evaluate the left
ventricular remodeling, Doppler echocardiography was
performed. For statistical analysis, variance analysis and
Friedman’s test were employed.

Results: Two (10%) early deaths occurred. Kaplan-Meyer
showed survival at one year post-operative was 85%, 2 years
it was 44%, at 3 years 44%, at 4 years 44% and at 5 years it
was 44%. In the 48- and 54-month follow-ups, the McNemar
test showed improvement in the functional class (p<0.001).
In the third month of follow-up, variance analysis showed
improvement in the ejection fraction (p=0.008) and reductions
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of the end diastolic diameter (p=0.038), end systolic diameter
(p=0.008), end systolic volume (p=0.029) and end diastolic
volume (p=0.009). No statistical differences were noted in
the systolic volume. Comparing pre-operative and third- and
six-month follow-ups, the Friedman test showed no statistical
differences for all studied variables. Variance analyses
between pre, three-month and final evaluations showed no
significant differences.

Conclusion: This technique of mitral valve replacement
improved the left ventricle ejection fraction and decreased
the end diastolic and systolic diameters and the end systolic
diastolic volumes up to the third month of follow-up. From
then on the variables stabilized.

Descriptors: Mitral valve, surgery. Heart failure,
congestive. Cardiomyopathy, dilated. Heart valve prosthesis.

Resumo

Objetivo: Avaliar a geometria e a fungdo do ventriculo
esquerdo (VE) ap6s a troca mitral com tracéo e fixacdo dos
papilares, em portadores de insuficiéncia cardiaca terminal
com insuficiéncia mitral secundaria.

Método: Dos 20 pacientes avaliados, 70% eram homens,
com idade média de 50,2 anos e 55% recebiam inotrdpicos. A
fracdo de ejecdo (FEVE) foi menor que 30% em todos; 85%

INTRODUCTION

Secondary mitral valve insufficiency is commonly
present in advanced stage dilated myocardiopathy. The
changes in the left ventricle geometry, with an alteration
from a truncated cone to a spherical format, cause deformities
in the subvalvar apparatus with detachment of the papillary
muscle base. There are also mitral ring dilatation and
transvalvar pressure alterations that, together with the
subvalvar alterations cause secondary mitral valve
insufficiency. The association of dilated myocardiopathy
with secondary mitral valve insufficiency causes refractivity
to clinical treatment and high mortality, mainly in Functional
Class Il and 1V patients (NYHA). Survival is less certain
under these conditions: 59% with absence of secondary
mitral valve insufficiency over 32 months and 17% with
accentuated insufficiency [1].

Heart transplantation is the best treatment method for
advanced heart failure, with good survival rates over the
first 5 years, but, there are insufficient donors thereby
limiting its use. In the United States between 6000 and 8000
patients per year join the waiting list for transplants. The
number of donors is close to 2500 per year [2]. Mortality on
the waiting list is high (40% to 50%). Many patients leave
the waiting list or do not enter it due to contraindications
for heart transplantation.

estavam em classe funcional (CF) IV. Dezoito receberam
proteses de pericardio bovino e dois, mecanicas. Os periodos
considerados foram: 3, 6, 12 e 18 meses. As variaveis
consideradas: volume sistdlico do VE (VS), a FEVE, os diametros
sistolico e diastolico finais (DSF e DDF) e os volumes sistélico
e diastolico finais (VSF e VDF). No estudo estatistico,
empregou-se da andlise de variancia (AV) e o teste de Friedmann
(F). A sobrevida foi aferida pelo método de Kaplan-Meyer.

Resultados: Dois (10%0) faleceram no periodo imediato. A
sobrevida no primeiro ano foi de 85%, no segundo, 44%, no
terceiro, 44%, no quarto, 44% e no quinto, 44%. A comparacao
entre pré e 3 meses, empregando-se a AV, ndo revelou alteracdo
significativa para o VS (p=0,086). Houve acréscimo da FEVE
(p=0,008) e decréscimo do DDF (p=0,038); do DSF (p=0,008);
do VDF (p=0,029) e do VSF (p=0,009). Os momentos pré, 3 e
6 meses, com o teste F, ndo revelaram alteragdes. Entre os
momentos pré, 3 meses e final, empregando-se a AV, nao houve
significancia.

Concluséo: Ha melhora da FEVE, dos VDF, VSF, DDF e
DSF; até o terceiro més. A partir de entdo, as variaveis
permanecem estaveis.

Descritores: Valva mitral, cirurgia. Insuficiéncia cardiaca
congestiva. Cardiomiopatia dilatada. Préteses valvulares
cardiacas.

Alternatives to heart transplantation have been proposed
with the aim of increasing and improving the quantity and
quality of life of these patients. Bolling et al. [5] demonstrated
satisfactory results with the surgical approach to secondary
mitral valve insufficiency with mitral valve repair using a
flexible ring. Buffolo et al. [6] demonstrated good outcomes
with mitral valve replacement and fixation of groups of
chordae tendineae related to the anterior cuspid in the
commissural regions.

For patients with secondary mitral valve insufficiency
due to advanced dilated myocardiopathy, Puig et al. [7], in
2000, proposed mitral valve replacement with chordae
tendineae traction and anchoring, aiming at ventricular
remodeling. A 5-year evaluation of the technique is presented
in this work.

METHOD

The patients included in this study were those in
advanced stage dilated myocardiopathy with three or more
hospitalizations for decompensated heart failure, under
maximum medicinal treatment, Functional Class Il or 1V,
accentuated systolic dysfunction (ejection fraction of less
than 30% using the Teicholz method) and accentuated
secondary mitral valve insufficiency. Patients with Chagasic
disease, ischemic or gestational myocardiopathy were
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excluded from this study. All patients were informed of the
nature of the study and the protocol followed the norms of
the institutional.

From July 2000 to December 2003, 20 patients were
consecutively submitted to surgery in the Heart Institute
of the Hospital das Clinicas of the Medicine School,
University of Sdo Paulo. Preoperative clinical data are
shown in Table 1.

Table 1. Preoperative data

Variable value

Age 50.2 £ 9.0 years
Male: female 14:6
Systemic arterial hypertension 7 (35%)
Diabetes mellitus 2 (10%)
Previous valvuloplasty 1 (5%)
Ejection fraction 23.3% £ 4.1%
Systolic volume 73.6 mL £20 mL
End-systolic volume 246 mL £73 mL
End-diastolic volume 320 mL +87 mL
End-systolic diameter 6.83cm+0.92cm

End-diastolic diameter 7.68cm+0.98 cm

NYHA Functional Class

i 3 (15%)
\V} 17 (85%)
Cardiogenic shock 11(55%)
Number of hospitalizations on the ward 545+3.1
Number of hospitalizations in the ICU 24 +£1.27
Cardiac cachexia 12 (60%)

Transthoracic echocardiographic evaluations were
performed using Sonos 5500 Phillips Medical Systems (2000,
Hannover, MA, USA) and HDI 3500 (1996, Seattle, WA,
USA) devices. The degree of mitral vale insufficiency was
measured and to assess remodeling, the left ventricular
systolic volume (SV), end diastolic and systolic volumes
(EDV and ESV) and end diastolic and systolic diameters
(EDD and ESD) were chosen.

In the postoperative follow-up, all patients were
accompanied for between 1 and 60 months, with a mean of
23.2 months. The clinical conditions of the patients were
evaluated at three-monthly intervals.

Surgical technique

Patients were operated on by sternotomy using
normothermic cardiopulmonary bypasses. Myocardial
protection was achieved with intermittent anterograde
blood cardioplegia with coronary reperfusion by aortic
declamping with the aim of reducing the overall ischemia
time.

Access, in all cases, was by the right atrium, the left
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atrial roof and interatrial septum, enabling ample exposure
of the valve and subvalvar apparatus [8].

The chordae tendineae are divided into four groups,
starting with the isolation of the anterior cuspid section in
the middle of its free portion and continuing up to the mitral
ring, extending both sides up to the commissures. The
chordae tendineae of the posterior cuspid are also divided
into two groups, as the chordae are thicker (Figure 1).

Fig. 1 — A: Mitral subvalvar apparatus anatomy. B: Mitral valve
anatomy: incision lines

The four groups are repaired with sutures and isolated.
After this procedure bioprosthesis implantation is performed,
using a prosthesis that is one size smaller than the true
measurement. At this moment, the four groups of muscles
are positioned between the prosthetic ring and the mitral
ring, stretched and anchored on the prosthetic ring at
different positions with the aim of balancing the distribution
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of forces. Excess of chordae and cuspid that remain in the
left atrium are fixed on the prosthetic ring. The prosthesis is
implanted using “U-shaped” sutures (Figure 2).

Fig. 2 —A: Implanted bioprosthesis with papillary traction. B:
Concluded operation with the removal of excess chordae

Statistical analysis

Statistical analysis was structured with the objective of
understanding the temporal behavior of the selected
variables. To compare the variables in the preoperative
periods and at 3 months, analysis of variance for repeated
measures was utilized. For the study of the preoperative
period and at 3 and 6 months, Friedmann’s nonparametric
test was chosen. In the comparison of pre-, 3-month and
final evaluations, analysis of variance for repeated measures
was again used. The functional class was analysed by
McNemar’s test, at the end of 48 months of follow up. The
number of hospital readmissions was evaluated using the
Wilcoxon’s test and survival by the Kaplan-Meyer method.

RESULTS

Immediate

Eighteen bovine pericardial bioprostheses were
implanted and two patients received St Jude mechanical
prostheses. Under-sized prostheses were chosen aiming at
remodeling of the left ventricular base (sizes 27 in 2; 29 in
16; 31in1and 33 in 1). The DeVega procedure was performed
on the tricuspid valve in 12 (60%) patients. The
cardiopulmonary bypass time varied from 80 to 180 minutes
(105 £ 23 minutes) and aortic clamping time varied from 30 to
74 minutes (46 = 12 minutes). All patients received
endovenous inotropic support in the postoperative period.
Intra-aortic balloons were used in four (20%) patients.

Two (10%) patients suffered early deaths, one 18 days
after the procedure due to bronchopneumonia and the other
25 days after the procedure with multiple organ failure.

Late

All the patients were followed up and the functional
class, after 48 months of follow up, had improved (p=0.013 —
McNemar test) with four (40%) patients in Class I, three
(30%) in Class Il and three (30%) in Class 111 (Figure 3).
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Fig. 3 - Functional Class at 48 months of follow-up

The number of readmissions for compensation of the
heart failure was also less (p<0.001 — Wilcoxon’s test),
decreasing from 5.45 + 3.1 (2 to 12) hospitalizations per year
before the surgical procedure, to 0.73 £ 1.0 (0 to 3) for all the
follow-up period. Two (11%) patients in this period were
reoperated; one for bacterial endocarditis and the other for
significant tricuspid insufficiency, which was difficult to
manage clinically. Both patients were discharged from
hospital in good conditions.
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Evaluation of survival demonstrated rates of 85% at the
end of first year, 44%, for the second, 44% for the third, 44%
for the fourth and 44% for the fifth year (Figure 4).
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Fig. 4 - Actuarial curve - Kaplan-Meier method

Table 2. Preoperative echocardiography variable

SV EF EDD ESD EDV ESV
71 21 79 71 334 263
78 28 72 6,2 272 193
62 23 71 6,3 263 201
A 2 84 74 384 289
69 2 17 69 316 247
71 30 68 58 238 166
118 28 88 76 426 307
82 23 81 72 34 272
80 15 96 89 516 436
83 23 82 73 364 280
3 23 54 48 141 107
86 26 78 6,8 325 239
37 2 59 53 173 135
88 26 8 7 344 255

16 6,5 6 216 180

17 85 78 3% 325

23 8 71 344 263
74 20 83 75 373 298
88 26 8 7 344 255
74 25 75 6,6 298 223

SV —systolic volume in mL; EF — left ventricular ejection fraction;
EDD - end-diastolic diameter in cm; ESD — end-systolic diameter
in cm; EDV - end-diastolic volume in mL; ESV — end-systolic
volume in mL
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Echocardiography (Tables2 & 3)
Preoperative period

The ejection fraction (LVEF) varied from 15% to 30%,
with a mean of 23 + 4%. The mean SV was 73 £ 20 mL ranging
from 36 to 97 mL. The mean ESV was 246 + 87 mL varying
from 135 to 436 mL and the mean EDV was 320 + 73 mL
ranging from 173t0 516 mL. The mean DDE was 7.68 + 0.98
cm varying from 5.9 to 9.6 cm and the mean ESD was 6.38 +
0.92 cm varying from 5.3t0 8.9 cm.

Table 3. Echocardiography variable in the late postoperative

3 month 6" month Last
evaluation

LVEF (%) 29+6.9 26.8+7.7 29+11
SV (ml) 81+27 66124 1727
EDV (ml) 279470 247+69 270+112
ESV (ml) 198459 179458 192+102
EDD (cm) 7.2+0.8 6.8+0.8 7.0£1.1
ESD (cm) 6.2+0.7 5.9+0.7 6.0+1.2

Study of preoperative period and 3 months of follow-up

Analysis of variance for repeated measures showed
improvement in the LVEF (p=0.008) and a reduction in the
EDD (p=0.038), ESD (p=0.008), EDV (p=0.029) and ESV
(p=0.009). There was no significant change in the SV.

Study of preoperative period and 3and 6 months of follow-up
The Friedman’s nonparametric test did not show
significant changes for any of the variables analysed.

Study of preoperative, 3-month and final evaluations
The Analysis of variance for repeated measures did not
demonstrate significant changes for variables analysed.

DISCUSSION

Heart failure is frequently observed in end-stage
myocardiopathies, with the 1-year survival rate estimated at
50% for patients in Functional Class 1V [9,10]; a value that is
surely higher when patients with secondary mitral valve
insufficiency and those that use inotropic support for
prolonged periods are considered. Barreto & Ramires [11]
demonstrated that heart failure is responsible for two-thirds
of cardiovascular procedures. The surgical treatment may
be performed in patients who do not respond to clinical
treatment.

Heart transplantation is the ideal treatment for patients
with refractory end-stage heart failure, however, the small
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number of donors and the high mortality on the waiting list
makes the procedure unviable on a large scale [12]. Many
patients are contraindicated for transplantation and so no
option exists. Some alternatives have been proposed and
studied for these patients: cardiomyoplasty [13], coronary
artery bypass grafting surgery for ischemic patients [14],
partial left wventriculectomy [15], wventricular
resynchronization [16], valve repair [5,17] and mitral valve
replacement [6,7]. In some cases, a combination of
techniques may benefit the patient.

Secondary mitral valve insufficiency is a factor of worst
prognosis in end-stage heart failure [1,18]. The geometric
changes of the left ventricle and dilatation of the mitral
annulus cause mitral valve insufficiency without structural
alterations of the mitral valve cuspids. Spherical dilatation
of the left ventricle is a factor of worst prognosis [19]. The
size of the ventricular cavity increases, the papillary muscles
migrate in posterolateral and apical directions, the heart base
dilates and secondary mitral valve insufficiency results. Due
to the similarity of mechanisms, tricuspid valve insufficiency
is frequently associated with mitral valve insufficiency. Mitral
valve insufficiency causes volume overload of the affected
left ventricle with the cycle being perpetuated until the death
of the patient. Correction of mitral valve insufficiency may
break this cycle and delay the natural history of the
phenomenon.

Muitral valve repair is attractive, to preserve all the natural
tissue of the patient. With a reduction of the mitral ring,
mitral valve insufficiency may be eliminated. There isa much
better ventricular result as the volume overload is treated
and the diastolic volume reduces. The amount of
regurgitation is also diminished and the patient has a clinical
improvement.

Residual mitral valve insufficiency is common with mitral
valve repair worsening in the follow-up period [5,20]. Mitral
valve replacement does not allow relapse but replacing it
with a prosthesis is inappropriate taking into account the
life expectation of these patients [6]. Lillehei et al. [21], in
1964, reported high mortality rates after mitral valve
replacement without repair of the subvalvar apparatus. On
preserving the continuity of the mitral ring with the left
ventricle, the mortality rate decreased from 34% to 17%.
Later, Miki et al. [22] suggested preserving the posterior
cuspid and splitting up the chordae tendineae of the anterior
cuspid, anchoring them on the commissures. Buffolo et al.
[6] also proposed this strategy for patients with dilated
myocardiopathy, believing that the elliptical format of the
heart could be reestablished.

The papillary muscles play an important role in
ventricular contraction. With them fixed onto the mitral ring,
they bring the anteromedial and posterolateral walls closer
together during systole and cause an alteration in the shape

of the heart: a tendency of a spherical shape during diastole
and elliptical during systole [23].

The proposed technique removes any excess of chordae
tendineae and maintains them under tension in respect to
the left atrium thereby helping to reduce the longitudinal
axis of the left ventricle and returning it to an elliptical shape.
Adequate single-plane traction with anchoring of the
chordae tendineae at four points on the ventricular ring
may cause a physiological spread of the forces that act on
the ventricular wall. This dissipation of the forces will be
transmitted to the ventricular wall during diastole, which,
with a reduction of volume overload, may result in an
improved systolic performance and promote remodeling of
the left ventricle. The echocardiographic data suggest that
this improvement is seen up to the third month, with
maintenance afterwards. Echocardiographic data also show
areduction in the volume and diameters, as expected by the
proposed mechanism. There is even improvement in the
functional class, reduction in the number of patients returning
to hospital and better survival.

The myocardial protection method utilized, cardioplegia
with intermittent reperfusion, may help myocardial recovery
in the postoperative period. The greater the ischemia time,
the better the myocardial recovery will be and, undoubtedly,
the option to use the access route described by Guiraudon
et al. [8] facilitated this strategy.

Some patients present with tricuspid regurgitation
associated to secondary mitral valve insufficiency due to
the dilatation of the heart base. We believe that tricuspid
repair is essential and must always be considered.
Radovanovic et al. [24] suggested repair of the mitral and
tricuspid insufficiency at the first decompensation of heart
insufficiency. One patient in this series presented right-sided
heart failure due to accentuated tricuspid insufficiency and
was submitted to tricuspid bioprosthesis implantation
showing a good evolution in the postoperative period. The
patient was discharged from hospital on the 20%
postoperative day in Functional Class I1.

Additional studies must be performed to find the best
moment to perform mitral and tricuspid repair [25]. The patients
may improve with clinical treatment, but the moment for mitral
valve repair must always be remembered. Regurgitation is
less harmful when the myocardium is healthy, but when there
is myocardiopathy it may be catastrophic and a dilatation
cycle may be activated. There is no ventricular reserve to
adapt to secondary mitral valve insufficiency. Early indication
may improve survival and functional class.

In this evaluation, the proposed procedure may improve
the LVEF and may reduce the end left ventricle systolic and
diastolic volumes as well as the diameters. These
improvements were observed up to the third postoperative
month and were maintained up to the last evaluation.
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