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Introduction

Congestive heart failure (CHF) is one of
the leading causes of hospitalization in the
United States today and its incidence is in-
creasing. Heart failure will become even
more of a medical challenge as average life
expectancy continues to rise. Despite im-
provements with medical management, ap-
proximately 50% of patients with CHF die
within 3 years of presentation1. Heart trans-
plantation is now considered standard treat-
ment for selected patients with severe CHF
and end-stage heart disease; however, it is on-
ly applicable to a small percentage of pa-
tients. Transplantation is limited both by the
small number of donor hearts available and
its inapplicability in the older patient or those
with comorbid medical conditions2. In an
effort to solve this problem, alternative med-
ical and surgical strategies are evolving.

Mitral valve annuloplasty

Functional mitral regurgitation is a sig-
nificant complication of end-stage car-
diomyopathy and may effect almost all heart
failure patients as a pre-terminal or terminal
event. In order to address the issue of heart
failure and mitral regurgitation, one needs to

understand the anatomy of the mitral valve.
The determination of mitral competence de-
pends on the understanding that the mitral
valve apparatus consists of the annulus,
leaflets, chordae tendinae, papillary muscles
and the entire left ventricle. The functional
mitral regurgitation that develops in CHF
may be attributed to an alteration in the an-
nular-ventricular apparatus3 and altered ven-
tricular geometry4, which then results in in-
complete leaflet coaptation. A large leaflet
area is normally required for coaptation; mi-
tral leaflet area is 2.5 times greater than the
area of the mitral valve orifice. As more mi-
tral leaflet tissue is utilized for coverage of the
enlarging mitral valve orifice, a critical re-
duction in the leaflet tissue available for
coaptation is reached, such that coaptation of
the mitral valve leaflets becomes ineffective,
and a central jet of functional regurgitation be-
gins to develop3,5. Therefore, one of the most
significant determinants of mitral valve coap-
tation, leaflet orifice area, and subsequent
mitral regurgitation is the dimension of the
mitral valve annulus. Furthermore, in the
setting of chronic CHF, cardiac reserve is
depressed and a number of compensatory
mechanisms of the neuroendocrine and sym-
pathetic nervous systems are activated and
may account for many of the symptoms of
heart failure and its progression.
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Congestive heart failure (CHF) is one of the leading causes of hospitalization in the United States
today and its incidence is increasing. Despite improvements with medical management approximate-
ly 50% of patients with CHF die within 3 years of presentation. Heart transplantation is now consid-
ered standard treatment for selected patients with severe CHF and end-stage heart disease; however,
it is only applicable to a small percentage of patients. In an effort to solve this problem medical and
surgical strategies are rapidly expanding and evolving.

Mitral valve reconstruction represents an alternative surgical strategy in patients with dilated car-
diomyopathy that will allow for preservation of the limited number of donor organs for those patients
who have no other surgical or medical alternatives.

(Ital Heart J 2000; 1 (8): 517-520)
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In a recent study of patients with severe heart fail-
ure, who were managed with pharmacologic agents (di-
uretics, nitrates and afterload reduction agents), the ob-
served decrease in filling pressure and systemic vascu-
lar resistance led to a reduction in the dynamic mitral re-
gurgitation associated with their heart failure. This was
attributed to a reduction in the regurgitant orifice area
related to the decrease in left ventricular volume and an-
nular distension6. This complex relationship between mi-
tral annular area and leaflet coaptation may explain
why, paradoxically, utilizing an undersized annuloplasty
ring (one that is smaller than the measured true annu-
lar dimension) for a valvular  repair can help a mus-
cular  problem. 

Increases in left ventricular preload, wall tension, di-
astolic volume, and stroke volume are all documented
ventricular adaptations to severe mitral regurgitation.
There is a significant decrease in the efficiency of the left
ventricular contraction and the work expended by the left
ventricle to produce flow that ultimately does not con-
tribute to effective forward cardiac output. In these pa-
tients, maintenance of forward flow becomes more dif-
ficult because up to 50% of the stroke volume is eject-
ed into the left atrium before the aortic valve even
opens7. With the elimination of the regurgitant volume,
the ventricle no longer has to expend an excessive
amount of work on flow that is going in the reverse di-
rection. All blood flow will be in the forward direction,
and will contribute to forward flow and effective cardiac
output. In cases of severe myocardial dysfunction, the
positive effects of the elimination of the regurgitant
flow may be even more pronounced. 

Further evidence of underlying mechanisms why
mitral valve repair for patients with cardiomyopathy
may be successful is taken from a study of the coronary
flow characteristics in patients with mitral regurgitation,
in the absence of coronary artery disease8. This study as-
sessed coronary flow characteristics in patients before
and after mitral valve reconstruction. Coronary flow
reserve was limited in patients with mitral regurgitation
due to an increase in baseline coronary flow and flow
velocity which was related to left ventricular volume
overload, hypertrophy and preload (left ventricular wall
stress). The restriction in coronary flow reserve im-
proved following mitral valve reconstruction because of
a reduction in the baseline coronary flow and flow ve-
locity once the left ventricular preload, work and mass
were reduced. Based on this study, in patients with mi-
tral regurgitation and cardiomyopathy, a restriction in the
coronary flow reserve would seem probable and an im-
provement in flow reserve and velocity would be ex-
pected following mitral valve repair. Ultimately the mi-
tral valve repair in this setting would lead to an im-
provement in left ventricular geometry. 

Historically, the surgical approach to patients with
mitral regurgitation was mitral valve replacement and lit-
tle was understood about the adverse consequences that
interruption of the annulus-papillary muscle continuity

had on left ventricular systolic function9. This procedure
was associated with very high mortality rates10,11. It has
been demonstrated in a number of studies that preser-
vation of the annulus-papillary muscle continuity is of
paramount importance to preservation of left ventricu-
lar function12,13. It was the excision of, and geometric dis-
tortion of, the subvalvar apparatus that accounted for the
significant loss of systolic function due to the destruc-
tion of the left ventricle that led to the poor outcome in
patients who underwent mitral valve replacement14,15.
Preservation of the mitral valve apparatus and left ven-
tricle in mitral valve repair has been demonstrated to en-
hance and maintain left ventricular function and geom-
etry with an associated decrease in wall stress16,17. This
procedure has been shown to be safe with a significant
decrease in operative morbidity and mortality with good
long-term outcomes18-21, and in fact it has been shown
that the mortality ascribed to these patients from mitral
valve replacement was due to the disruption of the sub-
valvar apparatus and loss of left ventricular function.
Maintenance of the chordal, annular, subvalvar continuity
and mitral geometric relationships are important in the
preservation of overall ventricular function and may be
even more crucial in patients with compromised left
ventricular function. In the selection of a surgical ap-
proach to the problem of heart failure, one must there-
fore first recognize that this is a ventricular problem
and therefore a solution directed at the mitral valve,
which is and encompasses the entire left ventricle, would
be ideal. 

At the University of Michigan (1993 to 1999), 92 pa-
tients with end-stage cardiomyopathy and refractory
mitral regurgitation underwent mitral valve repair with
an undersized flexible annuloplasty ring. All patients had
NYHA functional class III or IV heart failure despite re-
ceiving maximal medical therapy, and had severe left ven-
tricular systolic dysfunction as defined by an ejection
fraction < 25% (range 8-24%, mean 14%). The patients
were equally divided into two groups: nonischemic di-
lated cardiomyopathy and end-stage ischemic car-
diomyopathy without ongoing ischemia. The overall
operative mortality was 5%. There were five 30-day
mortalities including: intraoperative death due to right
ventricular failure (n = 1), cardiac failure (n = 1), stroke
(n = 1), and multisystem organ failure (n = 2). Five pa-
tients required postoperative intra-aortic balloon pump
support, and there were no patients who required the use
of a left ventricular assist device. The mean postopera-
tive length of stay was 9 – 4 days (range 4-37 days). The
duration of follow-up in these patients has been 1-68
months (mean 38 months), with a 1- and 2-year actuar-
ial survival of 80 and 70%, respectively. There have
been 26 late deaths attributable to sudden ventricular ar-
rhythmia (n = 12), progression of heart failure without
evidence of recurrent mitral regurgitation (n = 8), post-
operative complications following other surgical proce-
dures (n = 2), and suicide (n = 1). Included in this num-
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ber are 3 additional patients who had progression of
their heart failure and who have undergone successful
transplantation. On immediate postoperative echocar-
diograms, the mean transmitral gradient was 3 – 1
mmHg (range 2-6 mmHg). At 24-month follow-up, all
remaining patients are in NYHA functional class I or II,
with a mean ejection fraction of 26%. The NYHA func-
tional class improved for each patient and all patients re-
ported subjective improvement in functional status. The
matched preoperative and 24-month postoperative
echocardiographic data are reported in table I. There was
a demonstrated improvement in left ventricular ejection
fraction, cardiac output, and end-diastolic volumes for
all patients with a reduction in sphericity index and re-
gurgitant fraction. There were no patients who demon-
strated evidence of redilation of the mitral annulus. Al-
though significant undersizing of the mitral annulus
was employed to overcorrect for the zone of coaptation,
no mitral stenosis was induced nor was any systolic an-
terior motion noted in this study. Systolic anterior mo-
tion was avoided due to widening of the aorto-mitral an-
gle and increased left ventricular size seen in myo-
pathic patients. In addition, acute remodeling of the
base of the heart from the undersizing of the mitral an-
nular ring may also contribute to the improvement seen
in these myopathic hearts. This may reestablish the el-
lipsoid shape and somewhat normal geometry to the base
of the left ventricle22-25. 
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Echo parameter Preoperative Postoperative p
(24 months)

End-diastolic 
volume (ml) 281 – 86 206 – 88 < 0.001
Ejection fraction (%) 16 – 5 26 – 8 0.008
Regurgitant fraction (%) 70 – 12 13 – 10 < 0.001
Cardiac output (l/min) 3.1 – 1.0 5.2 – 0.8 0.001
Sphericity index 0.82 – 0.10 0.74 – 0.07 0.005

Table I. Preoperative and postoperative echocardiographic data.

Conclusions

Surgical therapies of heart failure are rapidly ex-
panding and evolving. The concept of the high mortal-
ity and morbidity of surgical interventions on patients
with end-stage heart disease no longer apply due to im-
provements in preoperative selection, intraoperative
techniques and postoperative care. When operative tech-
niques are combined with optimal medical management
of heart failure results can be good and patients can
avoid or postpone transplantation. This strategy will al-
low for preservation of the limited number of donor or-
gans for those patients who have no other surgical or med-
ical alternatives.
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