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Long-term prognosis after mitral annuloplasty
for acquired mitral insufficiency
Clinical evaluation
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Twenty-nine patients with isolated (I8) or predominant (uI) mitral insufficiency were treated by
mitral annuloplasty. This post-operative follow-up study, lasting from 3 to 51years (average 48
months), resulted in thefollowing conclusions. The clinical, radiological, and electrocardiographic
conditions usually followed a parallel course. Initial good results were maintained for up to 4

years in only I6 patients. Subsequent deterioration was related to progression to mitral stenosis
(2 patients), recurrence of severe mitral insufficiency (13 patients), occurrence (5 patients) or re-

currence (8 patients) of tricuspid insufficiency. Poor results were more often observed in the eldest
patients, with conspicous pre-operative cardiac enlargement, atrialfibrillation, and long-standing
cardiac failure. The indications for annuloplasty are reduced and apply primarily to mitral
insufficiency without obvious cardiac enlargement, with normal sinus rhythm, and with short-
standing congestive cardiac failure.

Isolated or predominant mitral insufficiency,
when poorly tolerated, may be corrected sur-
gically either by prosthetic valve replacement
or by mitral annuloplasty. Numerous studies
dealing with long-term results of prosthetic
valve replacement have been published, es-
pecially concerning the Starr-Edwards ball
valve. But there are relatively few reports
concerning the late results of mitral annulo-
plasty. The purpose of this study, based on a
3- to 5-year clinical follow-up, is to assess the
long-term results of mitral annuloplasty in
patients with acquired, pure, or predominant
mitral insufficiency.

Subjects
Of 46 consecutive patients who underwent mitral
annuloplasty for mitral insufficiency before i
March I966, 29 were still alive at the time of this
report. Before operation all these patients were
either in class III (7) or in Class IV (22) of the
New York Heart Association functional classifi-
cation (Fig. i). The first complaint dated back io
years on average (range from i to 17 years).
All but one of the patients were either in intract-
able or relapsing congestive heart failure. The
first signs of congestive cardiac failure appeared
Received 6 October I969.
1 Charge de Recherches, Institut National de la
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on average 21 years before the surgical repair
(range from 4 months to IO years) and in most
cases coincided with the onset of a durable atrial
fibrillation.

In i8 patients (i5 women and 3 men of an
average age of, respectively, 3I and 43 years),
mitral regurgitation was isolated. There was a
documented history of rheumatic fever in I4.
The mechanism responsible for the mitral re-
gurgitation was variable; a mitral annulus dilata-
tation was frequently observed, either isolated
(6) or associated with leaflet thickening (IO);
there was a leaflet perforation with ruptured
chordae tendineae in I patient and an isolated
rupture of the posterior leaflet chordae tendineae
in another. Mitral incompetence was combined
with a mild or moderate aortic insufficiency in
6 patients and with a tricuspid insufficiency in 7.
The surgical modification of the mitral valve
has consisted of annuloplasty, performed accord-
ing to Wooler (Wooler et al., I962). In 2 patients
a reconstructive operation was done on the tri-
cuspid valve. Aortic insufficiency in 6 patients
was neglected because it was mild or moderate.

In II patients (io women, average age 36
years, with a range from 23 to 47 years, and i
man aged 34), mitral insufficiency was associated
with stenosis of a moderate degree (at the time of
operation the mitral valve area was estimated as
one and a half finger-breadth), which required a
valvotomy before annuloplasty could be carried
out. A history of rheumatic fever was found in all
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-the patients. Mitral valve disease was combined
in 4 patients with trivial aortic insufficiency which
was not repaired, and in 4 patients with tricuspid
insufficiency, which was corrected in i only
(reconstructive operation).

Methods
Assessment of the long-term results of mitral
annuloplasty was based on the follow-up of the
29 patients who have survived for more than 3
years after operation. In all patients the post-
operative follow-up included a clinical, fluoro-
scopic, and electrocardiographic examination at
least twice a year. A postero-anterior chest x-ray
was available at least once a year. Phonocardio-
graphic recordings were performed in most
patients at regular intervals. Only one patient
had cardiac catheterization (Seldinger's tech-
nique), and cine-angiocardiography 4 years after
operation. Apical systolic murmurs were graded
in intensity according to the usual scale ranging
from 1/6 to 6/6. The cardiothoracic ratio was
measured on the chest x-ray as the longest cardiac
-transverse diameter divided by the largest thoracic
diameter between the inner rib margins. Criteria
for right and left ventricular hypertrophy were
those used in previous studies (Blondeau,
Maurice, and LenEgre, I962; Penther et al.,
I966). The comparison between the pre-operative
and post-operative data was checked by the
Student t test using the method of paired com-
parisons.

Results
The over-all duration of the follow-up study
averaged 48 months. The post-operative
observation period exceeded 5 years in 3

patients, 4 years in IO patients, and 3 years
in I7 patients. Residual mitral incompetence
was assessed during the early post-operative
period (between 4 and 6 weeks) by the demon-
stration of an apical systolic murmur and of a

systolic expansion of the left atrium to fluoro-
scopy. But the clinical, radiographic, and
electrocardiographic data, viewed as a whole,
were first estimated at the beginning of the
second year (average i6th month) and then
more than 3 years following operation (range
from 38 to 64 months).

Functional status The post-operative
change in symptoms is described in Fig. I.

Functional improvement was initially good,
since, at the beginning of the second year

after operation, excellent or good results
(class I or II) were noted in 2I patients, and
this improvement was maintained further.
Indeed, more than 3 years after operation
(average post-operative course of 48 months),
i6 patients were still asymptomatic or could
carry out their ordinary activities (class I
and II). Later, however, of the 2I patients
who were much improved in the early post-

IV

pre-op >1 year >3years
FIG. I Functional status in 29 patients
graded according to the New York Heart
Association Classification. Left, before opera-
tion; centre, more than i year after operation
(average I6 months); right, more than 3
years after operation (average 48 months).

operative phase, only i i remained so and in
IO a gradual or sometimes sudden deteriora-
tion developed. Functional disability re-

mained moderate in 4 of these IO patients
who moved from class I to class II; in the
other 6 patients, deterioration was important
and resulted, between the third and fourth
year after operation, in a functional status
very close to that existing before operation.

Clinical and fluoroscopic criteria of
mitral regurgitation In all but two pa-
tients, the mitral valve was judged to be com-

petent by the surgeon at the end of operation.
One month after operation on average, the
apical systolic murmur had disappeared in
5 patients only; 24 patients still had a residual
apical systolic murmur which was of mild
intensity (I/6) in i8, and of moderate inten-
sity (2/6) in 6 (Fig. 2). An early diastolic
third heart sound was audible in only 8
patients after operation as against 26 before
operation. On fluoroscopic examination, with
oesophageal opacification, an atrial systolic
expansion, usually of a moderate degree, was
seen in 17 patients. During the months and
years after operation, the systolic murmurs
on the whole tended to become gradually
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Long-term prognosis after mitral annuloplasty 429

louder though they did not reach, with the
exception of rare instances, their pre-opera-
tive level (Fig. 2). At the beginning of the
second year after operation, a third heart
sound could be detected in I3 patients;
more than 3 years after operation this third
heart sound was audible in 20 patients and
was also shown on phonocardiographic
recordings (Fig. 3). Simultaneously, as early
as the second year, left atrial systolic expan-
sion was seen in most cases, providing evi-
dence of recurrence of mitral insufficiency.
However, though relatively loud apical sys-
tolic murmurs were more frequently heard in
patients with subsequent deterioration, inten-
sity of the murmur by itself was not always
closely related to the degree of the regurgita-
tion assessed by other means.

Radiological data The cardiothoracic
ratio changes tended, as shown in Fig. 4, to
run parallel with the evolution of the func-
tional status. The cardiothoracic ratio de-
creased significantly from o-63 ± 0oO7 before
operation to o058 ± o-og at the beginning of
the second year after operation (p < o.oi).
But during the next years the cardiothoracic
ratio shifted in the opposite direction, and, as
a consequence, about 48 months after opera-
tion it averaged o062±o09, a value similar
to the pre-operative one.

Electrocardiographic data Abnormali-
ties in the electrocardiogram (Table) were
to some extent similar to those noted in the
functional, physical, and radiological data
(Fig. 5, 6, and 7). An attempt was made to
restore sinus rhythm by electrical cardio-
version in all the patients whose atrial fibrilla-
tion was of recent onset, and in whom atrial
enlargement was relatively moderate. But
more than 3 years after operation sinus rhythm
was maintained in one-third of the patients
only, yet all but one remained functionally

FIG . 2 Apical systolic murmur intensity:
before annuloplasty (left) and, respectively,
I month, more than i year, and 3 years after
annuloplasty.
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F IG . 3 Phonocardiogram from the mitral
area (5 C4) and apex displacement curves in
a woman with pure mitral insufficiency.
Left, 3 months before operation; centre,
I5 days; and right, 3 years after mitral
annuloplasty. Note in the first post-operative
tracing the disappearance of the rapid filling
wave of the apex cardiogram but the per-
sistence of a pansystolic murmur. Three years
later, the rapid filling wave and a third heart
sound (*) reappeared and a mid-diastolic
murmur (A) was recorded, probably indicating
mitral stenosis. LF, low frequency; MF,
medium frequency; HF, high frequency.
much improved (class I and II). The frontal
major QRS axis shifted from + 690 ± 370
before operation to + 550 ± 380 one year
after operation (p<o.ooi), but in the third
year it shifted again in the opposite direction,
and averaged + 630 ± 390, a value not signi-
ficantly different from the pre-operative
value. In very rare instances the QRS com-
plexes returned to normal. The decrease in
right ventricular hypertrophy occurred slowly
and was not significant. The QRS voltages
calculated from the praecordial leads (Soko-
low-Lyon's index) decreased significantly
during the early post-operative period from
36±9 mm. to 27+8 mm. (p<o-ooi) and re-
mained so during the following years (29 ± 9
mm.; p < o'oi). The sum SV2 + RV7 decreased
from 33 ±1+2 mm. to28 ± 7 mm., one year after
operation (p <o-o2) and again increased be-
yond 3 years to 3I±9 mm. Non-ischaemic
repolarization abnormalities were reduced on
the whole but disappeared in rare instances
and were the most persistent index of residual
left ventricular hypertrophy.

Late complications Complications, or at
least some of them, might be responsible for
subsequent post-operative deterioration. Bac-PRE-OP. 1 MONTH POST-OP >1 YEAR >3 YEARS

III
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FIG. 4 Changes in heart size in three patients (A) before operation, (B) I year, and
(C) more than 3 years after operation. Top, pure mitral insufficiency of rheumatic
origin (with mild aortic insufficiency) in a 13-year-old girl; functional status before
operation, class IV; 20 months and 40 months after operation, class I. Middle, mixed mitral
lesions, with predominant insufficiency and trivial stenosis in a 42-year-old woman;
functional status: (A) class IV, (B) class II, and (C) class IV; associated tricuspid insuffi-
ciency. Bottom, pure mitral insufficiency of rheumatic origin (with mild aortic insuffi-
ciency) in a 48-year-old woman; functional status before operation, class IV; in B (20
months after operation), and C (45 months after operation), class IV: valve replacement
(Starr-Edwards prosthesis) was performed 48 months after annuloplasty.

terial endocarditis was never seen in this
series. In spite of the high incidence of atrial
fibrillation (noted in 58% and 64%, respec-
tively, i and 3 years after operation) systemic
embolisms were unusual, presumably because
every patient in atrial fibrillation had anti-
coagulant treatment. In two patients only, a
cerebral embolus occurred 4I and 6o months,
respectively, after operation and resulted in
trivial neurological lesions.

In most cases, on successive examinations
residual mitral insufficiency was noticed and
was sometimes increased. The mitral valve
was still competent 46 months after operation
in one patient only, as shown by the absence
of any systolic murmur and of any detectable
systolic expansion of the left atrium on
fluoroscopy. In the other cases, residual mitral
insufficiency was of variable degree, but
tended to increase with time during the post-

r%A
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Long-term prognosis after mitral annuloplasty 431

operative period. The incidence of a clinically
moderate and steady mitral insufficiency de-
creased from about one-half (I4 of the 29
patients) at the beginning of the second post-
operative year to about one-third (io patients)
at the end of the fourth post-operative year.
In i9 patients, the residual mitral insufficiency
increased, and in 13 of them it resulted once

more in a relapsing cardiac disabling invalid-
ism. In the io patients with a moderate and
stable residual mitral insufficiency, the pre-
operative cardiothoracic ratio averaged o-6o +
o-o6, and in only 2 of these patients was

atrial fibrillation present. In the ig patients
who had a gradually increasing residual mitral
insufficiency the average pre-operative cardio-
thoracic ratio was significantly higher (o-65 ±
o-o6 p <o0o5); and 3 years after operation all
these ig patients were in atrial fibrillation.
The mechanism of the residual mitral insuffi-
ciency was demonstrated at re-operation in 4
patients and confirmed by necropsy in 2 of
them. Mitral annuloplasty, done several years
before (range from 37 to 48 months), was still
tight, but the part of the ring corresponding
to the posterior leaflet insertion was over-

stretched, resulting in systolic regurgitation.
In over half the cases a mild diastolic

rumbling murmur was audible. However,
because of lack of haemodynamic data, the
development of a significant mitral stenosis
could be clinically assessed in 2 patients only.
In the first, correction of a pure mitral insuffi-
ciency, combined with a slight dilatation of
the mitral annulus, demanded such tightening
of the mitral ring that the mitral area was
reduced almost to the circumference of a

forefinger. In the second case, both the
commissures were fused along several milli-
metres but were not calcified, and a mitral
valvotomy was performed before annulo-
plasty; 60 months later, an apical diastolic
rumbling murmur was heard and for the
first time valvar calcifications could be seen
on fluoroscopy with a brilliance amplifier.
In these two patients, no laboratory signs of
inflammation could be seen.
A moderate pre-existing aortic insuffi-

ciency, which was noted in io patients and
not repaired surgically, did not change
throughout the post-operative course and
did not seem to influence the functional im-
provement. Tricuspid regurgitation was pres-
ent in io patients before operation. It was

moderate in 6 patients and was not repaired,
and severe in 4, being corrected in 3 of them
at the same time as annuloplasty was per-
formed. In 2 patients only did moderate tri-
cuspid regurgitation disappear during the
year after mitral annuloplasty. One and a half

TABLE Electrocardiographic changes in
29 patients

Electrocardiographic findings Pre-operative Post-operative data
data

> I year (I6 > 3 years (48
months on months on
average) average)

Normal sinus rhythm
(no. of cases) 5 I2 IO

Frontal QRS axis(°) +69 (± 37) +55 (±38)* +63 (± 39) NS
Frontal T wave axis (0) +23 + i6 NS +26 NS
QRS duration (lead DII) (sec.) oogg 0-092 o-o96
Ventricular activation time

(lead V6) (sec.) 0057 0-052 0053
Sokolow-Lyon's index
(SVi + RV5) or (SVi + RV6)
(mm.) 36 (±9) 27 (±8)* 29 (±9)*

(SV2+RV7) (mm.) 33 (± 12) 28 (±7)t 31 (±9) NS
Lewis' index
(RI-R3)+(S3-SI) (mm.) -I -2 0

ST-T abnormalities of non-
ischaemic origin (no. of
cases) 28 20 26

Standard deviation is given in parentheses.
* p<o-oOI.
t p < 0-02.
NS, not significant.

years after operation tricuspid regurgitation
was still noted in 8 patients: clinically mild
in 7 of them and intense in i, but 5 of these
patients had poor functional results (Fig. 8).
The incidence and degree of tricuspid regurgi-
tation increased with time. In the fourth year
after operation 13 patients had tricuspid
insufficiency which remained moderate in 6
and did not influence functional improvement
in 4 patients (Fig. 8), but was of high degree

FIG. 5 Electrocardiographic changes in the
same patient as in Fig. 4 (top); note the
persistence of normal sinus rhythm and the
decreased QRS voltages in the praecordial
leads (annuloplasty performed on 2I January
I1966).
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in 7 patients and was responsible to some
extent for a rapidly deteriorating post-opera-
tive course. Of the I3 patients who had a poor
functional result after annuloplasty, 9 had an
intense tricuspid regurgitation (shown by
phonocardiographic recordings in all the
patients and by right heart catheterization
in one). Of the 3 patients in whom a recon-
structive procedure was attempted as a cure
for tricuspid regurgitation, moderate tricus-
pid incompetence was still noted in 2; in the
third case, 24 years after operation there was
a sudden increase in both mitral and tricuspid
regurgitation. Whether or not tricuspid re-
gurgitation was seen before operation, the
pre-operative cardiothoracic ratios were not
significantly different and averaged, respec-
tively, o-66 ± o o6 and o-6o ± o0o4. But all the
patients but one who had tricuspid regurgita-
tion were in atrial fibrillation before opera-
tion.

Relapse of rheumatic fever was not seen in
this series, even in the youngest patients. In
a 30-year-old woman, post-cardiotomy syn-
drome, with chest pains and electrocardio-
graphic signs of pericarditis, was found and
lasted I8 months but did not influence the
functional improvement and was finally con-
trolled by prolonged steroid therapy.
One patient, in spite of adequate surgical

correction of mitral regurgitation, failed to
improve and this might be explained by the
presence of a myocardial factor: functional
improvement remained moderate, and both
radiological and electrocardiographic signs
were unchanged. In this patient, before op-
eration, the presence of blood polynuclear
eosinophilia suggested fibroblastic endocard-
itis, which however was not found at opera-
tion.

Several pulmonary embolisms, which oc-
curred more than 40 months after operation,
in a man of 60 were partly responsible for
rapid deterioration. However, gradually in-
creasing cardiac failure had already appeared
during the second post-operative year and
coincided with the recurrence of mitral and
tricuspid regurgitation.
A worsening clinical condition in 4 patients

in a period ranging from the 37th month to
the 48th made another operation necessary:
prosthetic replacements of the mitral valve
(3 cases) and of both mitral and tricuspid
valve (i case) were undertaken and resulted in
two operative deaths.

Over-all results Early after operation
most patients benefited from mitral annulo-
plasty (Fig. i). This improvement was shown
by conspicuous decrease and even complete

01 02 03 iVR aVi aVf VE VI V2 V3 '4 V'5 V V7
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FIG. 6 Electrocardiographic changes in the
same patient as in Fig. 4 (middle). Long-
standing atrial fibrillation; note the reduc-
tion of QRS voltages and the disappearance
of incomplete right ventricular bundle-branch
block pattern within the 2 years after opera-
tion, and the return to the pre-operative
pattern 44 months after annuloplasty (per-
formed on 4June I965).

disappearance of symptoms and was also
confirmed by radiological and electrocardio-
graphic data. As a consequence, within two
years of operation more than two-thirds of
the patients were able to carry out their
ordinary activities. This improvement, how-
ever, could only be achieved when the patients
were treated by digitalis and/or diuretics,
and put on a reasonable salt-free diet.

Failure to maintain the fairly good results
after operation, in spite of intense digitalis
and/or diuretics treatment, was probably

FIG. 7 Same patient as in Fig. 4 (bottom);
electrocardiogram changed little, if at all,
20 months and 45 months after annuloplasty
(performed I5 October I964).
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related to the fact that residual mit
ciency was still present after surg
and even gradually increased in 5(
of the patients, combined in som
occurrence of tricuspid regurgitatic

Four years after operation, func
provement was maintained in about
of the operated patients, and they
to carry out their ordinary activiti4
discomfort; one-third of them only
to resume their professional acti
long-term results were proportion;
and more durable in young patiei
short pre-operative period of cardi
with a small heart size, and nor

rhythm.

Discussion
This follow-up study, lasting for i

three years after operation, shc
annuloplasty resulted in excelleni
results during the first two years af
tion, and that this improvement
partially maintained later on. T
clusions are in good agreement v

of Bjork and Malers (I964), Ellis et

and Aldridge, Lipton, and Bigelow

Favourable factors The good
results were more frequently obser
youngest patients of this series:
patients aged less than 30 years, 5
in functional class I or II as agains
22 patients aged more than 30 y
duration of the period of pre-opex
gestive heart failure played a role,
i6 operated patients whose imj
was maintained had been in conge

failure for less than 2 years on average; in I3
of them the congestive heart failure dated
back less than i year. Of the I3 patients with
more or less rapid post-operative deteriora-
tion, ii had been in congestive cardiac failure
for more than 3 years. Pre-operative heart
size was a determinant factor as well: 6 of

o the 7 patients who had a pre-operative cardio-
0**0 thoracic ratio less than o6o maintained their
s so@ <3 improvement. Furthermore, a good long-

term result was usually noted when an im-
0... portant and rapid diminution of the cardiac

class iI IV size occurred after operation, and when the
sinus rhythm was maintained or restored

Fears (9 of the io patients in normal sinus rhythm).
The above factors were noted in the young-

witency est patients and might explain to a large
zn I year extent the lasting improvement seen in this
)eration group of subjects.

Adverse factors Diseased mitral leaflets
ral insuffi- left in situ seemed to invite subsequent deter-
ical repair ioration, and this was so in half the operated
o per cent patients.
e with the The progression towards significant mitral
in. stenosis was noted in only 2 of the 29 patients
:tional im- of this series, whereas Aldridge et al. (I966)
50 per cent observed it in 2 of their 9 patients. According
were able to these authors, the development of mitral
es without stenosis was more frequent in mixed valve
were able lesions, i.e. combined mitral stenosis and

ivity. The insufficiency, and might be related to a
ally better continuing subclinical inflammatory process.
nts with a Recurrence and/or increase of a residual
iac failure, mitral insufficiency was responsible for most
mal sinus of the subsequent deteriorations. Incidence

of residual mitral insufficiency has been
differently estimated. After surgical repair
of mitral insufficiency from ruptured chordae
tendineae of the posterior leaflet the systolic

more than murmur was abolished in most patients
twed that (Gerbode et al., I968). But in 7 of the 8
fto good patients of Logan, Turner, and Kitchin
ater opera- (I967) a systolic murmur was still audible 3
was only years after operation. Aldridge et al. (I966)
hese con- demonstrated mitral regurgitation (4 of severe
vith those intensity and 2 of moderate degree) by
al. (I965), haemodynamic and/or necropsy data in 6 of
(I966). their 9 operated patients.

Residual mitral insufficiency was almost
long-term always present in this series, though, at the
ved in the end of operation, the mitral valve was judged
of the 7 to be competent in all but 2 patients. In the
were still early post-operative period, mild mitral re-

t ii of the gurgitation was suggested in most cases by
rears. The the recurrence or the persistence of an apical
rative con- systolic murmur, and in over half the cases by
since the left atrial systolic expansion which could be

provement seen fluoroscopically very soon after opera-
stive heart tion. With the passage of time, both the
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incidence and intensity of residual mitral
insufficiency increased: I6 months after
operation, I5 patients had obvious mitral
regurgitation; 3 years after operation, con-
spicuous mitral regurgitation was noted in I9
patients, which was severe in 13. In the fourth
year a prosthetic valve replacement was re-
quired in 4 patients. The recurrence of mitral
insufficiency was more frequently seen when
both a conspicuous cardiac enlargement and
an atrial fibrillation were still present after
operation. The degree of the mitral regurgi-
tation was estimated on the clinical, radio-
logical, and electrocardiographic data (right-
ward shift of the frontal major QRS axis,
persistence or recurrence of left and/or
right ventricular hypertrophy) and on the
phonocardiographic recordings. As already
emphasized by Logan et al. (I967), the apical
systolic murmur loudness did not in this
series bear a close relation to the importance
of the regurgitant flow. As was shown in 4
patients at the time of re-operation and con-
firmed by necropsy in 2 of them, the occur-
rence of mitral regurgitation was not due to
loosening of the sutures of annuloplasty but
to dilatation of the portion of mitral annulus
on which the posterior leaflet was inserted.
Recurrence of mitral regurgitation might be
explained by the fact that the first annulo-
plasties performed resulted in a moderately
narrow mitral ring which was nevertheless
enough to attain immediate competence. As
a consequence, recurrence of even mild re-

gurgitation results in circumstances that will
allow the regurgitant flow to increase, thus
leading to a vicious circle aggravating the
disease.

Such an unfavourable course seemed to be
inescapable whenever the surgical repair was
not anatomically complete (Reed, Tice, and
Clauss, I965; Hessel, Kennedy, and Meren-
dino, I966). The operative technique of
annuloplasty involves two hazards: either
persistence of regurgitation if the annulo-
plasty is too loose, or development of stenosis
if the annuloplasty is too tight. Bjork and
Malers (I964) and Hessel et al. (I966) stated
that annuloplasty should be abandoned in
every case in which mitral insufficiency could
not be corrected without narrowing the mitral
ring (Reed et al., I965; Reed, I968) in order
to avoid both risks calculated from Gorlin's
hydraulic formula the mitral orifice area
which should be attained by operation. A
satisfactory solution was suggested and has
been used for the past few months by Car-
pentier (I969) whenever the optimal anatomi-
cal features for annuloplasty were present. A
competent annuloplasty without stenosis

ccld be achieved by metallic wiring of the
mitral ring, which will prevent its subsequent
dilatation.
Most of the poor long-term results were

related to the presence and severity of tricus-
pid incompetence, itself the commoner and
the more severe the greater the pre-operative
cardiac enlargement. All the patients with
tricuspid insufficiency, except one, had atrial
fibrillation. Severe tricuspid regurgitation was
always found when a massive or develop-
ing post-operative mitral insufficiency was
present: this was seen in 7 patients.
Necropsy showed that mitral annuloplasty
changed neither the morphology nor the
function of the tricuspid valve, in spite of
their close anatomical relation, and, there-
fore, mitral annuloplasty itself played no part
in subsequent tricuspid valve dysfunction.
The surgical treatment of tricuspid incompe-
tence has not yet gained universal agreement.
Some authors are inclined to disregard this
lesion, when encountered in the course of
open heart correction of mitral valve disease
(Braunwald, Ross, and Morrow, I967;
Litwak et al., I969). Others who try to cor-
rect the tricuspid regurgitation disagree on
the type of operation to be performed, i.e.
annuloplasty (Kay, Maselli-Campagna, and
Tsuji, I965) or valve replacement (Starr,
Herr, and Wood, I966). Grondin et al. (I967)
and Himbert, Penther, and Lenegre (I967)
recommended surgical correction of tricuspid
regurgitation whenever it was severe.
The results of mitral annuloplasty were

differently assessed. Logan et al. (I967) and
Chapelle et al. (I969) considered that annulo-
plasty was the best method and must be used
whenever the mitral valve lesions allowed for
it. But, according to Effler (I962), the risk of
recurrent mitral regurgitation entailed by
this procedure was a good enough reason for
not using it.

In'the present study, though annuloplasty
has becn applied in selected cases of mitral
insufficiency (after elimination of intensely
sclerosed or calcified leaflets), it has the major
disadvantage that lasting benefits are un-
predictable even when the immediate result
is a competent mitral valve.

Despite some advantages, it appears that
annuloplasty alone has a limited place in the
surgical repair of isolated mitral insufficiency,
and that it should be recommended at best in
20 to 25 per cent of the cases of mitral insuf-
ficiency. Annuloplasty may be reasonably ad-
vised when the following conditions are met:
mitral insufficiency with dilated mitral ring
and slightly altered leaflets, moderate cardiac
enlargement, normal sinus rhythm or short-
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standing atrial fibrillation, early congestive
cardiac failure, and absence of any tricuspid
insufficiency. Furthermore, mitral regurgita-
tion resulting from ruptured chordae tendin-
eae of the anterior leaflet must be deliberately
excluded (Gerbode et al., i968). A final
assessment of the value of mitral annulo-
plasty cannot be made until a longer post-
operative follow-up study is available in a
group of patients selected as mentioned above.
Indeed, it appears that some of the poor sur-
gical results of mitral annuloplasty may be
related to wide indications for operation.

The patients reviewed in this study were operated
on by Dr. C. Dubost and his operative team (Dr.
P. Blondeau and Dr. C. D'Allaines), by Dr. P.
Daumet and by Dr. C. Cabrol. The authors
thank Mrs. M. Desseigne and Miss E. Debray
for their technical assistance.
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