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In 1986, 273 patients at The Cleveland Clinic Foundation had
surgery on their native mitral valves. Mitral insufficiency occurred
in 153 (56.0%) of these patients, mitral stenosis in 70 (25.6%), and
mixed lesions in 50 (18.3%). Valvular lesions were due to rheu-
matic valvulitis in 134 (49.1%) patients, degenerative mitral valve
disease in 97 (35.5%), ischemia in 23 (8.4%), and varied causes,
including bacterial endocarditis and congenital lesions, in the rest.
There were 10 deaths in the entire series, a 3.7% operative mortal-
ity rate. Operative mortality was similar for mitral stenosis, mitral
insufficiency, and mixed lesions. The low operative mortality rate
and wide applicability of mitral valvuloplasty, which avoids the
complications associated with a mitral valve prosthesis, should
encourage surgical intervention before ventricular function dete-
riorates or atrial fibrillation becomes irreversible.

Index term: Mitral valve, surgery
Cleve Clin J Med 1988; 55:37-42

The number of mitral valve operations performed in the
United States continues to increase; in 1984, 18,000 pa-
tients underwent mitral valve surgery. There has been a
recognized decrease in the incidence of rheumatic heart
disease,! and a concomitant increase in the incidence of
degenerative mitral valve disease.® Mitral valvuloplasty is
reported to have a lower operative mortality rate and
better long-term results than mitral valve replacement,*
and it has been demonstrated to be applicable in a high
percentage of patients undergoing mitral valve surgery.
This study was undertaken to examine the etiology and
pathology of heart disease in patients undergoing mitral
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Fig. 1. Types of motion of the mitral valve leaflet.

Fig. 2. Perforation of the leaflet may be treated by patching
with pericardium.

valve surgery and to examine the applicability
and surgical risk of mitral valvuloplasty in the
patient population in the United States.

Patients and methods

In 1986, 296 patients underwent mitral valve
operations at The Cleveland Clinic Foundation.
Twenty-three patients had previously received a
mitral valve prosthesis. The remaining 273 pa-
tients had surgical procedures performed on
their native mitral valve and they form the basis
of this report. There were 100 males and 173
females. The mean age was 60.7 = 13.2 years,
and the range was from 7 to 85 years.

Mitral valve disease etiology was determined
from the surgical findings and histologic exami-
nation of excised valvular tissue. Operative mor-
tality rate included all deaths occurring within
30 days of the surgical procedure.

Recent developments have encouraged the car-
diac surgeon to undertake repair of the mitral
valve. Carpentier increased understanding by

Fig. 3. Correction of dilatation of mitral valve annulus with an
annuloplasty ring.

physiologically classifying the lesions of the mitral
valve,” pragmatically dividing lesions of the mi-
tral valve according to the motion of the mitral
valve leaflet: normal, excessive, or restricted (Fig.
Iy

Specific surgical techniques vary with the path-
ologic entity. Perforation of the leaflet may be
treated by patching with pericardium (Fig. 2).

Dilatation of the annulus is corrected by an
annuloplasty ring. A Carpentier-Edwards annu-
loplasty ring reduces the diameter of the mitral
annulus by a systematic plication of the posterior
leaflet while maintaining the area of the anterior
leaflet. In addition, it reshapes the mitral annu-
lus, decreasing the anterior-posterior dimension
and increasing coaptation between the anterior
and posterior leaflet, and prevents further dila-
tion (Fig. 3).

Excessive leaflet motion or prolapse is most
frequently secondary to ruptured posterior chor-
dae. When this is true, it is treated by quadrilat-
eral resection of the posterior leaflet and plica-
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Fig. 4. Excessive leaflet motion or prolapse secondary to rup-
tured posterior chordae is treated by quadrilateral resection of the
posterior leaflet and plication of the annulus with suture of leaflet
material. The repair is reinforced with an annuloplasty ring.

tion of the annulus with suture of the leaflet
tissue (Fig. 4). The repair is then reinforced with
an annuloplasty ring. This technique is not appli-
cable to the anterior leaflet because it compro-
mises the area of the anterior leaflet enclosure.

Ruptured chordae of the anterior leaflet are
managed by transfer of chordae from the poste-
rior leaflet to the anterior leaflet and suturing
them to the free edge of the anterior leaflet. The
unsupported portion of the posterior leaflet is
then resected (Fig. 5).

Elongated chordae to the anterior and poste-
rior leaflet are treated by chordal shortening. A
trench is made in the papillary muscle and the
chordae drawn into the trench, thus shortening
the chordae by twice the depth of the trench (Fig.
6).

Excessive leaflet motion secondary to ruptured
or elongated papillary muscles is increasingly rec-
ognized to be associated with ischemic disease of
the mitral valve. Elongated papillary muscle may
be shortened by plication or by creating a trench
in the wall of the left ventricle and reimplanting
it (Fig. 7). A similar approach may be used for
treatment of ruptured papillary muscle tips.

Occasionally, repair may be achieved by sutur-
ing the ruptured papillary muscle tips to an ad-
jacent papillary muscle or by reimplantation to
the free wall of the left ventricle (Fig. 8).

An aggressive approach to mitral stenosis is
debridement of calcium by curettage of the an-
terior leaflet and division of the commissure of
the chordae tendineae and papillary muscle; this
approach may salvage many mitral valves (Fig.
9).
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Fig. 5. Repair of ruptured chordae of the anterior leaflet by
transfer of chordae from the posterior to anterior leaflet.

We used the Student t-test to test for statistical
significance of our results.

Results

In the 273 patients undergoing mitral valve
procedures, mitral insufficiency occurred in 153
(56%) and mitral stenosis in 70 (25.6%); mixed
lesions accounted for 50 (18.3%).

When valvular disease was examined according
to its etiology, rheumatic valvulitis accounted for
134 cases (49.1%). Degenerative mitral valve dis-
ease was the second most common cause, ac-
counting for 97 cases (35.5%). Ischemia was the
cause in 23 cases (8.4%). Bacterial endocarditis,
congenital lesions, and other varied causes ac-
counted for the remaining cases.

In 153 patients with pure mitral insufficiency,
degenerative diseases accounted for 97 cases
(63.4%). Ischemia was the second most common
etiologic factor, accounting for 23 cases (15.0%).

To identify the anatomic abnormalities found
in patients with mitral insufficiency secondary to
degenerative disease, 97 patients in this category
were analyzed. Forty-one patients (42.3%) had
ruptured chordae. Twenty-eight of these had
ruptured posterior chordae, eight anterior chor-
dae, and five chordae to both the anterior and
posterior leaflets. Elongated chordae were pres-
ent in 39 cases (40.2%) and dilated annulus in 17
cases.

Operative procedure

In the 153 patients with mitral insufficiency,
88 (57.5%) underwent mitral valvuloplasty. In
70 patients with pure mitral stenosis, 33 (47.1%)
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Fig. 7. Shortening of elongated papillary muscle.

underwent mitral valvuloplasty. The lowest per-
centage of patients undergoing mitral valvulo-
plasty had mixed lesions (21 of 50 patients, 42%).

Degenerative disease of the mitral valve lent
itself well to valvuloplasty (66 of 97 cases, 68%).
Fourteen of 23 patients (60.9%) with mitral in-
sufficiency secondary to ischemic heart disease
underwent valvuloplasty; however, only 60 of
134 patients (44.8%) with rheumatic disease
underwent valvuloplasty. Patients with mitral in-
sufficiency secondary to degenerative disease re-
sponded particularly well to valvuloplasty. A total
of 70.7% of the patients with ruptured chordae,
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75% with posterior ruptures, and 75% with an-
terior chordal ruptures underwent repair, but
only 40% of the patients with ruptured chordae
to both leaflets did. Elongated chordae were re-
paired in 29 out of 39 cases (74.4%). When
dilatation of an annulus was the sole cause, eight
of 17 (47.1%) were repaired.

Operative mortality rate

There were 10 deaths in the entire series, a
3.7% operative mortality rate. Operative mortal-
ity rates were similar for mitral stenosis, mitral
insufficiency, and mixed lesions (4.3%, 3.9%, and
2%, respectively).

There were seven deaths in 131 patients
undergoing mitral valve replacements, a 5.3%
operative mortality rate, as opposed to three
deaths in 142 patients undergoing mitral valve
repairs, a 2.1% operative mortality rate. The
difference was not statistically significant. In pa-
tients undergoing primary isolated mitral valve
procedures, there were two deaths from 45 mi-
tral valve replacements, a 4.4% operative mor-
tality rate, and one death from 80 mitral valve
repairs, a 1.3% operative mortality rate. The
difference was not statistically significant.

Discussion

It is well documented that the incidence of
rheumatic valvular heart disease is decreasing in
the United States.! The extent of mitral valve
prolapse is being increasingly appreciated; mitral
valve prolapse is estimated to affect 5% of the
U.S. population.6 Approximately 5% of these will
require mitral valve surgery after the diagnosis
of mitral valve prolapse.”

As the U.S. population continues to age, an
increasing number of patients with degenerative
mitral valve disease is expected. The most com-
mon lesion associated with degenerative mitral
valve disease is ruptured chordae. Seventy-five
percent of these patients develop mitral insuffi-
ciency because of degenerative mitral valve dis-
ease and will be excellent candidates for mitral
valve repair.

Because mitral valvuloplasty is a technically
more demanding and more time-consuming pro-
cedure than mitral valve replacement, it might
be expected that the operative mortality rate
associated with repair would be higher. The re-
sults of mitral valvuloplasty reported in the lit-
erature suggest a low mortality rate. The com-
bined results of series comparing mitral valve
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replacement and mitral valve repair in similar
groups of patients demonstrated an operative
mortality rate of 2% for mitral valve repair com-
pared with 10% for mitral valve replacement.®'*
This superior mortality rate for mitral valvulo-
plasty is partly attributable to the preservation of
left ventricular function by maintaining the sub-
valvular mechanism and its continuity with the
valve. David et al'® and Hansen et al'* have
confirmed this work both clinically and experi-
mentally by demonstrating that left ventricular
function deteriorates when the subvalvular mech-
anism is interrupted, but function is preserved
when the subvalvular apparatus is maintained. In
a more recent experimental study, Hansen et al'"®
demonstrated that disruption of either anterior
or posterior chordae interfered significantly with
left ventricular systolic function. Disruption of
either set of chordae was important, and disrup-
tion of both sets was additive, causing about a
42% reduction in left ventricular systolic func-
tion. When the mitral subvalvular apparatus is
severed, left ventricular dyskinesia is prominent
in the area of insertion of the papillary muscles.
The geometry of the left ventricle during the
period of isovolumetric contraction is thereby
altered and overall left ventricular systolic func-
tion depressed.'® Studies like these provide an
impetus for expanding the use of techniques that
preserve intact the subvalvular mechanism of the
mitral valve.

The majority of previous reports on mitral
valvuloplasty come from Europe and other areas
where the incidence of rheumatic fever is higher
than in the United States. This led to concern
that mitral valvuloplasty might not be applicable
in the majority of patients seen in the United
States and would not be carried out as extensively
in patients with degenerative mitral valve disease.
Our findings demonstrate that mitral valvulo-
plasty is applicable to the majority of patients
undergoing mitral valve surgery in the United
States and to a particularly high percentage of
patients with degenerative mitral valve disease.
The incidence of valvuloplasty and commissur-
otomy is rapidly increasing. In 1986, 49% of the
entire patient population with mitral valve dis-
ease underwent valvuloplasty or commissurot-
omy (Fig. 10). As experience accumulates and
surgical techniques improve, an increasing per-
centage of patients with mitral insufficiency sec-
ondary to ischemic heart disease will also be good
candidates for mitral valve repair.
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Fig. 8.

Repair of ruptured papillary muscle tips.

Fig. 9. Debridement of calcium by curettage of the anterior
leaflet and division of the commissure of the chordae tendineae and

papillary muscle.
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Fig. 10. In 1986, 49% of the entire mitral valve patient popu-
lation underwent valvuloplasty or commissurotomy.
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The low operative mortality rate and wide
applicability of mitral valvuloplasty, which avoids
the complications associated with a mitral valve
prosthesis, should encourage surgical interven-
tion before ventricular function deteriorates or
atrial fibrillation becomes irreversible.

Delos M. Cosgrove, MD

The Cleveland Clinic Foundation
9500 Euclid Avenue

Cleveland, Ohio 44106
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