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Introduction

Dilated cardiomyopathy is the most
common cause of the clinical syndrome of
chronic heart failure. Because of its high
prevalence (1.0 to 1.5% of the adult popula-
tion) and morbidity, chronic heart failure is
among the most costly health problems in
developed countries. Despite improvements
in the treatment of heart failure introduced in
the last 10 years, including the widespread
availability of heart transplantation and bet-
ter medical treatment (use of angiotensin-
converting enzyme inhibitors and beta-
adrenergic blocking agents), the clinical out-
come has not changed substantially1,2.

In patients with dilated cardiomyopa-
thy, functional mitral regurgitation (MR),
i.e. secondary to left ventricular dilation
and dysfunction, is a frequent serious com-
plication that makes the prognosis worse,
causing more frequent and more severe
episodes of congestive heart failure3. The
appropriate management of these patients
is controversial4-8.

We analyzed our more recent experi-
ence in the surgical correction of function-
al MR in severe left ventricular dilation and
dysfunction. The aim of this study was to
present the clinical and echocardiographic
results of our patient-adjusted surgical
strategy for the management of functional
MR in a selected subset of high-risk pa-
tients with dilated cardiomyopathy.

Methods

Study patients. From September 1998 to
May 2001, 24 consecutive patients with se-
vere MR and advanced dilated cardiomy-
opathy underwent primary mitral valve
surgery at our Department.

The inclusion echocardiographic crite-
ria were: functional MR > 2+, left ventric-
ular ejection fraction (LVEF) < 0.35, left
ventricular end-diastolic diameter > 30
mm/m2, and left ventricular end-diastolic
volume > 100 ml/m2. Since one objective
of this study was to examine the impact of
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Background. Unfortunately, mitral valve surgery for mitral regurgitation (MR) in patients with
advanced dilated cardiomyopathy is generally associated with a high operative risk and a poor out-
come. Some authors believe that only heart transplantation is the really effective surgical treatment.
We analyzed our clinical and echocardiographic results after mitral repair or replacement in this dif-
ficult subset of patients.

Methods. From September 1998 to May 2001, 24 consecutive patients (mean age 65.7 ± 11.0 years)
with MR > 2+ and advanced dilated cardiomyopathy (left ventricular ejection fraction < 0.35) un-
derwent mitral repair (n = 11) or replacement (n = 13). The cause of left ventricular dysfunction was
ischemic in 17 patients and idiopathic in 7. Myocardial revascularization was performed in all pa-
tients with ischemic disease. NYHA functional class IV was present in 21 patients (87.5%) and urgent
surgical priority in 14 (58.3%). The mean follow-up was 26.7 ± 11.8 months.

Results. One patient died (4.2%) of myocardial infarction 5 days after operation. The mean hos-
pital stay was 10.6 ± 3.7 days. During follow-up, two deaths (8.7%) due to heart failure occurred. In
survivors, NYHA functional class improved from 3.9 ± 0.4 preoperatively to 2.2 ± 0.4 at follow-up (p
= 0.0037) and left ventricular ejection fraction from 0.24 ± 0.05 to 0.30 ± 0.05 (p = 0.0035) in patients
with ischemic dilated cardiomyopathy, and from 0.23 ± 0.04 to 0.26 ± 0.05 (p = NS) in patients with
idiopathic dilated cardiomyopathy.

Conclusions. Mitral surgery in advanced left ventricular dysfunction can be accomplished with an
acceptable operative risk. It offers a durable functional improvement. In ischemic dilated cardiomy-
opathy concomitant myocardial revascularization procures a significant amelioration in the left ven-
tricular performance as evaluated at echocardiography.

(Ital Heart J 2003; 4 (1): 29-34)



the correction of MR with or without myocardial revas-
cularization on the left ventricular dimensions and
function, the study population was further refined ex-
cluding those patients who were submitted to concomi-
tant aortic valve surgery or left ventricular remodeling
operations. On the other hand, those patients who were
submitted to concomitant tricuspid valve repair or as-
cending aorta replacement were retained.

The mean age of the patients at the time of operation
was 65.7 ± 11.0 years (20 to 76 years). Six patients
(25.0%) were female.

On the basis of both the preoperative echocardio-
graphic examinations and of the operative findings, it
was determined that the etiology of functional MR was
ischemic in 17 patients (70.8%) and secondary to an id-
iopathic dilated cardiomyopathy in 7 (29.2%). All pa-
tients with ischemic MR had a history of remote my-
ocardial infarction; 3 patients had had previous coro-
nary artery bypass grafting and 2 previous percuta-
neous transluminal coronary angioplasty.

In all patients MR was the result of severe global
left ventricular dilation and dysfunction, with or with-
out regional left ventricular wall motion abnormalities
and/or a restricted leaflet motion. The mitral valves
were structurally normal.

All patients had severe ongoing symptoms of dyspnea,
edema and fatigue on minimal exertion (NYHA function-
al class III, 3 patients – 12.5%) or at rest (NYHA func-
tional class IV, 21 patients – 87.5%). All patients were
receiving maximized medical therapy for chronic heart
failure, including angiotensin-converting enzyme in-
hibitors, diuretics, and beta-adrenergic blocking
agents. Seven patients (29.2%) were initially referred
in order to be evaluated for heart transplantation. Four-
teen patients (58.3%) were operated on an urgent basis:
13 after decompensated episodes of heart failure and 1
for refractory ventricular tachycardia; among these, a
preoperative intra-aortic balloon pump was used in 7
(29.2%) ischemic patients.

The preoperative heart rhythm was atrial fibrillation
in 14 patients (58.3%) and sinus rhythm in 9 (37.5%);
1 patient (4.2%) was on permanent pacing. Three pa-
tients had a preoperative history of ventricular tachy-
cardia or fibrillation, with one requiring the placement
of an internal cardioverter-defibrillator.

The operative risk was evaluated according to the
European System for Cardiac Operative Risk Evalua-
tion (EuroSCORE). The EuroSCORE was 8.5 ± 3.4
(95% confidence interval for the expected mortality,
10.93 to 11.54%)9.

Echocardiographic examination. All preoperative
and postoperative echocardiographic transthoracic ex-
aminations were performed at our Department by one
experienced observer, with preoperative examinations
within 1 month of surgery.

The measurements of the left ventricular dimensions
were determined on the basis of two-dimensional

echocardiographic images taken in the parasternal long-
axis view at M-mode echocardiography. The left ven-
tricular volumes were calculated by using a modification
of the Simpson’s method with two apical views. The left
ventricular stroke volume was calculated as the differ-
ence between the left ventricular end-diastolic volume
and the left ventricular end-systolic volume, and the
LVEF was calculated as the ratio of the left ventricular
stroke volume to the left ventricular end-diastolic vol-
ume. Mitral and tricuspid regurgitation were assessed
with color flow Doppler; the severity was graded as mild
(1+), moderate (2+), moderate-severe (3+), and severe
(4+). Eighteen (75.0%) patients had 4+ and 6 (25.0%)
patients 3+ MR. Mean MR for the 24 patients was 3.7 ±
0.5. In the presence of trivial to severe tricuspid valve re-
gurgitation, the systolic pulmonary artery pressure was
calculated at Doppler echocardiography10 (Table I).

In all patients with ischemic dilated cardiomyopa-
thy, preoperative echocardiography during infusion of
dobutamine was used in order to determine myocardial
viability11.

Surgical techniques. Mitral valve repair was per-
formed in all patients with idiopathic dilated cardiomy-
opathy and in the 5 patients with ischemic dilated car-
diomyopathy and myocardial viability in the infero-lat-
eral segments. All repairs were carried out according to
the Bolling undersized annuloplasty technique12, using
the Cosgrove-Edwards band (Edwards Lifesciences,
Irvine, CA, USA) as an annuloplasty system13. Con-
ventional mitral valve replacement was adopted in the
patients with ischemic dilated cardiomyopathy without
myocardial viability in the infero-lateral segments.

Myocardial revascularization was performed in all
patients with ischemic heart dysfunction, with a mean
number of grafts per patient of 2.1. Concomitant tri-
cuspid valve repair was performed in 3 (12.5%) pa-
tients and ascending aorta replacement in 1 patient.
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Table I. Preoperative echocardiographic data.

Mean ± SD Range

Mitral regurgitation 3.7 ± 0.5 3+-4+
Left ventricle

End-diastolic diameter (mm/m2) 40.9 ± 4.0 32.1-47.6
End-diastolic volume (ml/m2) 148.6 ± 21.6 100.5-195.4
End-systolic diameter (mm/m2) 36.3 ± 3.7 27.6-42.1
End-systolic volume (ml/m2) 113.5 ± 19.2 72.1-162.5
Ejection fraction 0.24 ± 0.05 0.13-0.32
Stroke volume (ml/m2) 34.7 ± 7.4 17.5-46.2

Left atrium
Transversal diameter (mm/m2) 29.2 ± 5.6 19.7-40.1

Tricuspid regurgitation 1.0 ± 0.6 0-3+
Right ventricle/Pulmonary artery

Systolic pulmonary artery
pressure (mmHg)* 44.4 ± 8.9 31-65

* in the 21 (87.5%) patients with trivial to severe combined tri-
cuspid valve regurgitation.



A median sternotomy was always the surgical ap-
proach used. Normothermic cardiopulmonary bypass
with crystalloid priming and antegrade cold blood car-
dioplegia were used. The mean duration of cardiopul-
monary bypass was 105.4 ± 39.3 min (45 to 180 min),
with a mean aortic cross-clamping time of 62.6 ± 39.3
min (24 to 109 min).

Follow-up. Complete follow-up information was avail-
able in all 23 hospital survivors. Patients were followed
up for a total of 46.7 patient-years, with a mean follow-
up among survivors of 26.7 ± 11.8 months, ranging
from 13.9 to 45.7 months. All cases of postoperative
hospital readmission for congestive heart failure as well
as the date and cause of death were documented.

Statistical analysis. All data are expressed as the mean
± SD or as percentage. The echocardiographic mea-
surements of the left ventricular dimensions were nor-
malized for the patient body surface area. Paired Stu-
dent’s t-tests were used for comparison of the preoper-
ative and postoperative echocardiographic data. The
postoperative change in NYHA functional class was as-
sessed by means of the sign rank test. Because of the
small sample size, statistical significance was assumed
for a p value < 0.01. Non-parametric estimates of sur-
vival and freedom from hospital readmission for heart
failure were obtained by the Kaplan-Meier method.
Statistical analysis was performed using the MINITAB
release 13 statistical software (MINITAB Inc., State
College, PA, USA).

Results

In-hospital mortality and morbidity. All patients sur-
vived the procedure and were weaned off cardiopul-
monary bypass with moderate doses of inotropes. One

patient (4.2%) died of myocardial infarction with low
cardiac output syndrome 5 days after mitral repair and
myocardial revascularization. Significant morbidity was
observed in 5 patients (20.8%). The mean length of hos-
pital stay was 10.6 ± 3.7 days (6 to 18 days) (Table II).

Survival. Two late deaths (8.7%) occurred during fol-
low-up, for an over 3.5-year actuarial survival of
78.3%. Heart failure was the cause of death in both pa-
tients (one patient was afflicted with an advanced ma-
lignant disease) (Fig. 1).

Freedom from hospital readmission for heart fail-
ure. Freedom from hospital readmission for heart fail-
ure occurred in 19 patients (82.6%), for an over 3.5-
year actuarial rate of 71.1% (Fig. 2).

NYHA functional class. For all the 21 survivors, the
NYHA functional class improved from 3.9 ± 0.4 preop-
eratively to 2.2 ± 0.4 at follow-up (p = 0.0037) (Fig. 3).

In the 15 survivors with ischemic dilated cardiomy-
opathy, the NYHA functional class improved from 3.9
± 0.3 to 2.3 ± 0.6 (p = 0.0070). In the 6 survivors with
idiopathic dilated cardiomyopathy, the NYHA func-
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Table II. In-hospital outcome.

Outcome No.

Atrial fibrillation 6/9* (66.7%)
Bleeding requiring re-exploration of the chest 2 (8.3%)
Re-intubation and re-admission to the intensive
care unit because of respiratory problems 1 (4.2%)
Myocardial infarction 1 (4.2%)
Postoperative creatinine concentration
> 2.0 mg/dl 1 (4.2%)

* patients with preoperative sinus rhythm.

Figure 1. Survival. The squares correspond to the non-parametric estimates of survival. The vertical bars correspond to the asymmetric confidence lim-
its equivalent to one standard error. Trend lines are also shown. The number of patients remaining at risk at various intervals is in parenthesis.



tional class improved from 3.8 ± 0.4 to 2.2 ± 0.4 (p =
0.0022).

The decrease in NYHA functional class was more
evident when reconstructive mitral valve surgery was
used: 3.9 ± 0.3 to 2.3 ± 0.5 in mitral repair (p =
0.00012) vs 3.8 ± 0.4 to 2.4 ± 0.6 in mitral valve re-
placement (p = 0.0074).

Echocardiographic follow-up. Echocardiography was
performed in all 21 survivors. These were compared
with the matched preoperative echocardiographic ex-
aminations. MR improved from 3.7 ± 0.5 preoperative-
ly to 0.8 ± 0.8 at follow-up (p = 0.0059). The decrease
in left ventricular end-systolic volume was greater than
that in left ventricular end-diastolic volume; this result-

ed in a significant increase in left ventricular stroke vol-
ume (p = 0.0057) and in LVEF (p = 0.0029). The left
atrial transversal diameter and the systolic pulmonary
artery pressure decreased, but not significantly (Table
III).

These results were confirmed in the 15 survivors
with ischemic dilated cardiomyopathy: LVEF im-
proved from 0.24 ± 0.05 to 0.30 ± 0.05 (p = 0.0035). In
the 6 survivors with idiopathic dilated cardiomyopathy,
although there was a significant improvement in the
NYHA functional class, mitral valve repair procured a
slight and not significant increase in left ventricular
stroke volume and LVEF (from 0.23 ± 0.04 to 0.26 ±
0.05, p = 0.095).

Obviously, mitral valve replacement completely re-
solved the MR. In 3 patients who underwent mitral
valve repair, the residual MR was mild in one, moder-
ate in the second and moderate-severe in the third.
However, there were no important differences in the
echocardiographic changes in the survivors who under-
went mitral repair versus those who underwent mitral
replacement.

Discussion

The frequent onset of functional MR in dilated car-
diomyopathy aggravates left ventricular volume over-
load, contributes to the symptoms of congestive heart
failure and is associated with a poor prognosis3.

In the past, patients with advanced dilated car-
diomyopathy complicated by severe functional MR
were not considered candidates for conventional mitral
valve surgery because of the prohibitive operative mor-
tality4. Heart transplantation was the standard treatment
for this subset of patients. However, besides a shortage
of donor hearts, the outcome in heart transplantation is
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Figure 2. Hospital readmission for heart failure. The squares correspond to the non-parametric estimates of hospital readmission for heart failure. The
vertical bars correspond to the asymmetric confidence limits equivalent to one standard error. Trend lines are also shown. The number of patients re-
maining at risk at various intervals is in parenthesis.

Figure 3. Change in the NYHA functional class in the 21 survivors at fol-
low-up. The NYHA functional class decreased in all patients.



limited by the serious consequences of immunosup-
pression and by transplant coronary artery disease.

In an effort to address this problem, newer and al-
ternative mitral valve surgical approaches such as the
Bolling undersized mitral annuloplasty12 and mitral
subvalvar apparatus preserving techniques of mitral re-
placement are being investigated14. Furthermore,
emerging left ventricular remodeling techniques, such
as the Batista15 and the Dor16 procedures often employ
mitral surgery as an integral part of the treatment of MR
associated with dilated cardiomyopathy. When these
operative techniques which improve the left ventricular
geometry are utilized (always in combination with op-
timal medical management), the survival is acceptable
and patients can postpone or quite often even avoid
transplantation.

However, the choice of the treatment for the patient
with severe MR and advanced dilated cardiomyopathy
remains controversial4-8. Part of this controversy arises
from the difficulty encountered when characterizing
the left ventricular function in the setting of MR. The
favorable unloading effect of the regurgitation into the
left atrium on the left ventricular work must be taken
into consideration. Hence, virtually all measurements
of left ventricular function, including the LVEF, tend to
overestimate the true level of ventricular perfor-
mance17. Despite this, the LVEF is one of the most im-
portant predictors of the outcome after mitral valve
surgery for MR, especially in case of left ventricular
dysfunction: patients with a moderately to severely re-
duced LVEF are at considerable risk18.

In this study, the cause of left ventricular dysfunction
and secondary MR was ischemic or idiopathic. Accord-
ing to the literature, the mortality associated with mitral
surgery for ischemic MR is higher than for other forms
of MR, particularly when regurgitation is due to left ven-
tricular impairment; the presence of MR in patients with
idiopathic dilated cardiomyopathy is a marker of a poor
prognosis. Therefore, the patients of this study represent
a high-predicted-mortality population. However, all pa-

tients survived the surgical procedure, with only one hos-
pital death in the group of patients with ischemic dilated
cardiomyopathy. The over 3.5-year survival and the free-
dom from hospital readmission for congestive heart fail-
ure were good. The NYHA functional class decreased in
all survivors. Its decrease after mitral repair was greater
than that observed after mitral replacement. The
echocardiographic data improved both after mitral repair
and after mitral replacement regardless of whether the
etiology of the dilated cardiomyopathy was ischemic or
idiopathic. The increase in left ventricular performance
in ischemic dilated cardiomyopathy was greater (and
significantly so) than that observed for idiopathic dilated
cardiomyopathy. The significant increase in the left ven-
tricular stroke volume and LVEF in patients with is-
chemic dilated cardiomyopathy may be secondary both
to the surgical correction of MR (regardless of whether
mitral repair or mitral replacement was performed) and
to the myocardial revascularization. This finding con-
firms the usefulness of echocardiography during infu-
sion of dobutamine for the detection of reversible is-
chemic myocardial dysfunction. The lack of significant
change in the left ventricular function in patients with id-
iopathic dilated cardiomyopathy after mitral valve repair
could depend on a preoperative overestimation of the
LVEF secondary to MR. In effect, there was a significant
symptomatic improvement that is notoriously more sen-
sitive than the variations in the echocardiographic mea-
surements. Moreover, the persistence of residual MR
could have contributed to slow down the regression in
left ventricular dilation.

Study limitations. The main limitation of this study is
that the number of patients is small. For this reason,
great care must be employed when interpreting the re-
sults. Because deaths and cases of hospital readmission
for heart failure were rare, it was impossible to identify
their risk factors.

This series included patients undergoing mitral
surgery in association with myocardial revasculariza-
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Table III. Changes in echocardiographic data in the 21 survivors.

Preoperative Postoperative p

Mitral regurgitation 3.7 ± 0.5 0.8 ± 0.8 0.0059
Left ventricle

End-diastolic diameter (mm/m2) 40.7 ± 4.1 40.3 ± 4.3 0.79
End-diastolic volume (ml/m2) 147.7 ± 22.6 144.9 ± 24.2 0.70
End-systolic diameter (mm/m2) 36.1 ± 3.8 34.8 ± 4.3 0.31
End-systolic volume (ml/m2) 112.5 ± 20.4 103.9 ± 23.1 0.21
Stroke volume (ml/m2) 35.2 ± 7.2 41.0 ± 5.7 0.0057
Ejection fraction 0.24 ± 0.05 0.29 ± 0.05 0.0029

Left atrium
Transversal diameter (mm/m2) 29.5 ± 5.6 28.5 ± 4.6 0.52

Tricuspid regurgitation 1.0 ± 0.6 0.5 ± 0.5 0.0011
Right ventricle/pulmonary artery

Systolic pulmonary artery pressure (mmHg)* 42.6 ± 7.7 36.4 ± 7.0 0.059

* in the 15 patients with trivial to moderate postoperative residual tricuspid regurgitation.



tion. If myocardial revascularization is simultaneously
performed, it is hard to resolve whether the improve-
ment in dimensions and function is due to the reperfu-
sion of the ischemic myocardium or to the correction of
the left ventricular volume overload. However, the pri-
mary objective of this study was to verify whether mi-
tral surgery in advanced dilated cardiomyopathy can
achieve good results and whether it may constitute an
effective surgical alternative to transplantation.

In all the patients of our study, mitral surgery was
performed for moderate-severe or severe MR only. In
moderate MR, the indication for mitral surgery is de-
batable: the benefits are uncertain, but the operative
risk is certainly high.

The echocardiographic measurements used could
be too simple and insufficient for the identification of
small changes in the left ventricular function in ad-
vanced dilated cardiomyopathy. Furthermore, the left
ventricular end-diastolic diameter and volume are load-
dependent and changes in arterial or filling pressure
could confound the data.
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