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Patients with mitral regurgitation secondary to ischemic cardio-
myopathy pose a therapeutic challenge, and long-term progno-
sis is poor [1]. The presence of ischemic MR has been shown 
to be associated with increased mortality related directly to 
the degree of MR, and independent of baseline characteristics 
and degree of left ventricular function [2]. Increased operative 
risk and decreased survival have been reported in patients with 
coronary disease and mitral regurgitation [3]. Surgical options 
include replacing the mitral valve, repairing the valve, or not 
performing any intervention on the mitral valve, but results 
have been conflicting [4–6].

We examined the surgical as well as the long-term outcome 
in patients with severely decreased left ventricular function and 
severe ischemic MR undergoing coronary bypass surgery, and 
compared between those undergoing mitral valve repair, mitral 
valve replacement, or revascularization alone.

Materials and Methods
Patients
Between 1993 and 2002, 80 patients with severely impaired LV 
function (ejection fraction <25%) and severe ischemic MR un-
derwent surgery in our department. Ischemic MR was defined as
mitral incompetence secondary to ischemic heart disease and 
absence of structural defects of the mitral valve. LV function 
was assessed by echocardiography and/or left ventriculogram.

Mean patient age was 65 years (range 42–82), and 63 (79%) 
were male. Sixty-three patients (79%) were in New York Heart 
Association functional class III-IV and mean NYHA was 3.3. 
Twenty-six (32%) were operated on an urgent or emergency ba-
sis, and 2 cases were salvage operations. A summary of patient 
profile is shown in Table 1.

Operative procedures
All patients underwent complete revascularization. Bypass grafts 
were performed on all major coronary branches, unless these 
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Table 1. Clinical profile of all patients (n=80)

MV repair
(n=38)

MV replacement
(n=14)

No intervention
(n=28) P

Age (yrs)

Male

Hypertension

Diabetes

COPD

CRF

PVD 

Prior stroke

NYHA IV

Reoperation

Urgent

BPT

XCT

No. of grafts/ patient

62 ± 10 

28 (74%)

19 (50%)

17 (45%)

5 (13%)

10 (26%)

6 (16%)

2 (5%)

31 (82%)

2 (5%)

9 (24%)

154 ± 44

99 ± 25

2.7 ± 0.9

67 ± 7 

13 (93%)

8 (57%)

8 (57%)

2 (14%)

4 (29%)

4 (29%)

2 (14%)

6 (49%)

0 (0%)

3 (21%)

184 ± 64

111 ± 42

2.6 ± 1.2

68 ± 10

22 (79%)

17 (61%)

13 (46%)

6 (21%)

6 (21%)

6 (21%)

3 (11%)

9 (32%)

1 (4%)

14 (50%)

101 ± 32 

57 ± 23 

2.8 ± 0.9

0.03

NS

NS

NS

NS

NS

NS

NS

<0.001

NS

0.05

<0.001

<0.001

NS

COPD = chronic obstructive pulmonary disease, CRF = chronic renal failure, PVD = 

peripheral vascular disease, BPT = cardiopulmonary bypass, XCT = aortic clamp time

MR = mitral regurgitation 
LV = left ventricular 
NYHA = New York Heart Association
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were of very small caliber and considered to have a low poten-
tial to remain patent.

In 38 patients the mitral valve was repaired. Repair tech-
niques included ring annuloplasty using a flexible Duran ring
(Medtronic Inc, Minneapolis, MN, USA) in all cases. The size of 
the implanted ring was 26 ± 1.2 mm. Partial resection of the 
posterior leaflet was performed in one patient, and implanta-
tion of artificial chords in another. Fourteen patients underwent
mitral valve replacement with a St. Jude mechanical prosthesis 
(St. Jude Medical Inc, St. Paul, MN). Implanted valve size was 
28 ± 1.4 mm, and in all cases the entire native valve and sub-
valvular apparatus were preserved. In 28 patients no interven-
tion was performed on the mitral valve. Reasons not to inter-
vene included: underestimation of the severity of the MR in the 
operating room in 12, the impression that the MR is reversible 
and will improve with revascularization in 12, urgency (shock) in 
2, and high risk for use of cardiopulmonary bypass with surgery 
performed “off pump” in 2.

Surgery was performed through a midline sternotomy. Con-
nection to cardiopulmonary bypass was via the ascending aorta 
and right atrial or bi-caval cannulation. Cold or tepid blood car-
dioplegia was administered through the aortic root, vein grafts 
and/or via the coronary sinus.

Data analysis 
Patient data were collected on the standard computerized So-
ciety of Thoracic Surgeons database and reviewed according to 
a predetermined protocol. This database includes demographic, 
preoperative, intraoperative and early postoperative data. This 
information was collected during hospitalization. Late follow-
up was obtained from outpatient records, medical summaries, 
telephone interviews, or contact with the family physician. 
Preoperative data of surgery survivors were used in analysis of 
long-term outcomes [Table 2]. Operative mortality was defined
as death within 30 days of surgery or within the same hospital-
ization.

Pearson chi-square and Likelihood Ratio chi-square were 
used to study the difference of operative mortality between 
the groups. Proportional hazard calculation was used to find

variables affecting time to mortality. Long-term survival was 
calculated by the Kaplan-Meier survival estimates. Log-Rank 
chi-square and Wilcoxon chi-square were used to study the dif-
ference in the survival curves.

Results
In the bypass-only group, patients were slightly older than in 
the repair group (P = 0.03), and there was a higher number of 
urgent patients than in the other two groups (P = 0.05). Cardio-
pulmonary bypass time and aortic clamp time were shorter in 
the no-intervention group than in the other two groups [Table 
1].

Overall operative mortality was 15% (12 patients). Mortality 
was lower in the repair group than in the replacement or no-
intervention groups (8%, 14%, and 25% respectively), although 
this did not reach statistical significance. Cause of death was
cardiac in seven patients, and non-cardiac in five (infection in
two, stroke in three). Multivariate analysis showed stroke (P 
= 0.007) and urgency of operation (P = 0.04) to be predictors 
for operative mortality. The operative procedure per se was not 
predictive for early mortality.

The 68 surgery survivors were followed for a mean of 38 
months (range 2–92), and follow-up was 100% complete. Twen-
ty-nine patients (57%) were in NYHA class I–II, and the mean 
NYHA class was 2.3. Three patients (9%) in the repair group 
developed MR grade 3–4 at 8 ± 6 months (range 1–12) after 
surgery. Late mortality was lower for patients undergoing mitral 
valve repair than replacement (P < 0.05). Kaplan-Meier survival 
curves are shown in Figure 1. In the no-intervention group, the 
degree of MR remained severe in 13 patients. Good function 
of the native valve resulted in better survival than mitral valve 
replacement (Cox proportional hazard risk ratio 0.31, confidence
interval 0.14–0.58, P < 0.05) and to residual MR (RR 0.33, CI 
0.16–0.59, P < 0.05). Survival was poorest for patients with 
residual severe MR [Figure 2] with a mortality of 50% within 3 
years. Multivariate logistic regression showed non-repair of the 
mitral valve, residual severe MR, and new stroke to be predic-
tors for late mortality (P = 0.005), using the whole model test 
for significance.

Discussion
The mechanism of ischemic MR is, in effect, underlying dam-
age to the left ventricle, and not primary pathology of the valve 
itself. Most ischemic mitral regurgitation is due to alteration of 
left ventricular geometry, including dilatation of the left ventricle 
and the mitral annulus, as well as displacement of the papillary 
muscles and tethering of the leaflets [7,8]. A smaller portion is
due to ruptured papillary muscle or chordae, but these are usu-
ally acute and present a different clinical picture.

Thus, patients undergoing coronary surgery with ischemic MR 
often have significant damage to their left ventricle. In the pres-
ence of “hibernating” or “stunned” myocardium, some functional 

RR = risk ratio 
CI = confidence interval

Table 2. Clinical profile of surgery survivors (n=68)

MV repair
(n=35)

MV replacement
(n=12)

No intervention
(n=21) P

Age (yrs)

Male

Hypertension

Diabetes

COPD

PVD

CRF

Prior stroke

NYHA IV

Reoperation

New stroke

Urgent

62 ± 1.8

27 (77%)

17 (49%)

14 (40%)

5 (14%)

5 (14%)

9 (26%)

1 (3%)

28 (80%)

1 (3%)

4 (11%)

7 (20%)

66 ± 2.2

12 (100%)

8 (67%)

6 (50%)

2 (17%)

4 (33%)

4 (33%)

2 (17%)

6 (50%)

0

2 (17%)

3 (25%)

66 ± 2

17 (81%)

12 (57%)

11 (52%)

6 (29%)

4 (19%)

4 (19%)

2 (10%)

6 (29%)

0

0

9 (43%)

NS

0.07

NS

NS

NS

NS

NS

NS

0.0005

NS

0.09

NS
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improvement may be expected following revascularization, with 
possible decrease in the degree of MR. However, this cannot be 
foreseen before surgery and, even under the best circumstances, 
may not occur for days or even weeks after surgery. Therefore, 
the decision whether to intervene on the mitral valve must be 
taken with these uncertainties in mind. Although in the past 
combined coronary and mitral valve surgery was considered to 
carry a higher operative risk than coronary artery bypass alone 
[9], evolving techniques in surgery and myocardial protection 
have reduced surgical mortality. Long-term survival has become 
the more important issue. Our results as well as others’ [10] 
have shown that residual MR is associated with reduced sur-
vival, therefore mitral regurgitation should be addressed at the 
time of surgery. In retrospect, there should have been interven-
tion in all the patients in this series.

Replacement of the mitral valve will, with great certainty, 
correct any MR. However, it is not well established that this is 
the best solution for the long-term prognosis. Gillinov and col-
leagues [11] have shown a survival advantage for patients with 
ischemic MR who have their valve repaired over those having 
their valve replaced. In our patients, those who had their valve 
replaced with preservation of the whole subvalvular apparatus, 
despite not having any residual MR, had poor survival com-
pared to those who had valve repair. Although we cannot fully 
explain this difference in survival, it may be speculated that the 
presence of a rigid prosthesis in itself may have an impact on 
the left ventricle, thereby affecting long-term survival.

Success of repair can be assessed only after cardiopulmonary 
bypass is discontinued, but patients with poor LV function may 
not tolerate prolongation of their operation in order to replace 
the valve. Another point to consider is the state of the papillary 
muscles. If these are infarcted and calcified, it may be better
to replace the valve. Therefore, although our results show an 
advantage of repair over replacement it would be wrong to con-
clude that every case of ischemic MR should be repaired.

We examined a specific subgroup of patients who had ex-
tensive myocardial damage with resultant severe LV dysfunction 
and severe MR. Indeed, the majority of these patients were in 
end-stage congestive heart failure. Operative mortality in such 
patients is high [12] and the expected late survival is poor 
[11–13]. However, the accumulating experience in recent years, 
including our own, has been encouraging and shows superior 
results of surgery over the natural history in these patients 
[14].

The main limitation of our study is its retrospective nature. 
Thus, the decision to repair or replace the mitral valve was 
based on accumulating evidence in favor of repair, and our 
own confidence in applying this procedure to patients with
ischemic etiology for their mitral disease. In order to eliminate 
any selection bias, a prospective randomized trial is war-
ranted. However, in light of current experience and the proven 
superiority of repair, such a study is difficult to initiate. In an
attempt to reduce the effect of selection bias at the time of 
surgery on long-term outcome, we compared baseline charac-
teristics of the surgery survivors. Aside from NYHA class, the 
operative groups were similar. Indeed, factors such as urgency, 
which was a risk factor for operative death, did not emerge as 
a risk factor for late mortality. It is of interest that the repair 
group had a higher percentage of patients in preoperative 
NYHA class IV, yet these had the best long-term survival and 
quality of life, lending further support to the benefit of repair
over replacement.

Conclusions
Patients with severe ischemic cardiomyopathy and severe MR 
undergoing myocardial revascularization should have surgery 
for their mitral valve as well. Although overall survival is poor, 
patients having their valve repaired do better in the long run 
than those having valve replacement. Patients with residual MR 
had the worst results.

Figure 1. Kaplan-Meier curves showing predicted survival of 
repair and replacement groups.

Figure 2. Kaplan-Meier curves showing predicted survival 
according to postoperative mitral regurgitation.
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Cells often use diffusible molecules to communicate with one 
another, but results from Watkins and Salter show that some 
cells are hard-wired. They explored how human monocyte-de-
rived dendritic cells respond to soluble factors released from   
Escherichia coli. When the supernatant of a bacterial culture was 
applied near a dendritic cell with a micropipette, the stimulus 
appeared to spread not by diffusion but by passing from 
one cell to another. High-resolution differential interference 
contrast microscopy revealed intercellular tubular structures 
up to 100 m in length and 20 to 200 nm in diameter. When 
cells were labeled with a calcium-sensitive dye, an increase 

in the concentration of free intracellular calcium caused by 
mechanical stimulation of one cell could be seen to pass via 
the nanotubules. Furthermore, THP-1 monocytes, which them-
selves did not respond to the supernatant, displayed calcium 
responses within seconds after nearby dendritic cells had 
been pulsed with the bacterial products. The authors propose 
that immune cells may use such communication to distribute 
intracellular signals across large networks of cells. 

Immunity 2005;23:309
Eitan Israeli

Capsu le
Nanotubular communication among dendritic cells

He who sings scares away his woes

Miguel de Cervantes (1547-1616), Spanish novelist and playwright. Don Quixote, his 
revolutionary picaresque novel about a self-deluding knight errant and his simple but 
cunning squire, Sancho Panza, won him fame throughout Europe but little financial reward

I once wanted to become an atheist, but I gave up – they have no holidays

 Henry Youngman (1906-98), English-born American comedian and actor
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