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Clinical results were evaluated 6 months to I4 years after mitral annuloplasty in 89 operative survivors.
Before operation, 13 patients were grade 2, 63 grade 3, and I3 grade 4 (N. Y.H.A. classification). After
operation all patients were improved symptomatically. Sixty-one patients were grade I, 27 grade 2, and I
patient grade 3. Early clinical deterioration occurred in 5 patients, caused by dehiscence of annuloplasty in 3,
and by infective endocarditis in 2, within six months of the operation. Progression of mitral valve disease was
responsible for late deterioration I to 8 years after mitral annuloplasty in 23 patients. Sixteen needed mitral
valve replacement. There were 12 deaths, including 6 after reoperation. Actuarial analysis showed go per
cent survival with annuloplasty at 5 years' and 6o per cent at I0 years' follow-up. Late systemic embolism
occurred in only 3 cases though anticoagulants were not used.
Haemodynamic studies in I4 unselected patients, 5 to II years after annuloplasty, showed significant reduc-

tion in pulmonary wedge andpulmonary arterialpressure when compared with the preoperative values.
In view of the satisfactory long-term clinical results, as observed in this study, mitral annuloplasty merits

consideration in the surgical treatment ofmitral regurgitation.

Despite considerable advances over the past de-
cade, the prevailing uncertainty in the long-term
prognosis after mitral valve replacement (Ellis,
I967; Ross, I972; Behrendt and Austen, I973)
underlines the need for reappraisal of other methods
of mitral valve surgery. Mitral annuloplasty, for
the correction of mitral regurgitation, was intro-
duced before valve replacement became established
(Lillehei et al., 1957; Merendino and Bruce, I957)
and this institution was one of the centres to
pioneer the technique (Wooler et al., I962). The
present study was undertaken to assess the clinical
and haemodynamic results after mitral annuloplasty,
and to evaluate its relative merits in the surgical
treatment of mitral regurgitation.

Subjects and methods
The study group comprised 89 operative survivors of
mitral annuloplasty performed between 1957 and I973.
There were 75 women and 14 men in the series and their
age distribution, ranging from 8 to 66 years (mean 38-4
years), is indicated in Table I. At the time of operation
13 patients were in grade 2, 63 in grade 3, and I3 in
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TABLE I Age
annuloplasty

distribution of 89 patients with

Age groups Male Female Total
(yr)

io or below 0 3 3
II-20 3 5 8
2I-30 2 i6 I8
31-40 2 15 17
4I-50 I 22 23
5I-60 6 12 I8
Above 6o 0 2 2

Total 14 75 89

grade 4, according to the New York Heart Association
classification. All had a past history of peripheral or
pulmonary oedema and received digoxin and diuretic
therapy. Atrial fibrillation was present in 65 while 24
were in sinus rhythm.

Mitral annuloplasty for predominant mitral regurgita-
tion was performed in all cases by the technique de-
scribed by Wooler et al. (I962). While mitral regurgita-
tion caused by dilated annulus without significant disease
of the cusps or of the chordae tendineae was considered
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Mitral annuloplasty 769

to be the ideal indication for this type of operation, the
procedure was also undertaken if there was commissural
adhesion; mild calcification, moderate thickening, cleft,
or perforation of the cusps; chordal agglutinations which
were minimal, or could be separated, or ruptured
chordae tendineae to the posterior leaflet.

In the initial period before valve replacement became
established, cases with associated severe aortic regurgita-
tion were not accepted for mitral annuloplasty. Addi-
tional operative procedures for associated valvular lesions
were performed at the time of mitral annuloplasty as
shown in Table 2. The left atrial appendage was obli-

TABLE 2 Associated lesions and concomitant sur-
gical procedures in 89 patients with mitral annulo-
plasty

Lesions Patients Surgical
intervention

Mitral stenosis 38 38*
Calcified mitral valve cusps 8 8t
Thickened/agglutinated chordae

tendineae 31 i6t
Perforation and clefts of mitral

valve cusps 4 4§
Functional tricuspid

regurgitation I I 6f
Tricuspid stenosis and

regurgitation I
Aortic stenosis 2 0**
Aortic regurgitation 6 2**
Aortic stenosis and

regurgitation 7 6**

*Mitral valvotomy.
tDecalcification.
*Separation of chordae tendineae.
§Suture repair.
¶Reconstructive surgery.
**Valve replacement.

terated by suturing from inside the heart in io patients
with giant left atrium. The aetiology of mitral regurgita-
tion as determined by history, associated valve lesions,
and pathological appearance of the mitral valve struc-
ture during operation was considered to be rheumatic in
78 patients, subacute bacterial endocarditis on pre-
existing rheumatic mitral valve disease in 8 patients,
congenital in 2 patients, and idiopathic ruptured chordae
to the posterior cusp in i patient. The dimension of the
mitral valve orifice achieved at the conclusion of the
operation was between 24 and 42 mm in its long axis.
The follow-up period ranged from 6 months to 14

years (mean 6 5 years). The evaluation of patients in-
cluded clinical, radiological, and electrocardiographic
examinations. In addition, haemodynamic studies were
performed 5 to iI years (mean 9 years) after annulo-
plasty in 14 patients who had had preoperative cardiac
catheterization and agreed to have the investigation
repeated. Left ventricular cineangiography was per-
formed in 13 patients after operation, and the degree of

mitral regurgitation was assessed using the criteria of
Bjork, Lodin, and Malers (I960).

Results
All patients derived symptomatic benefit after
mitral annuloplasty and the improvement was main-
tained for a period of 3 months to I4 years (mean
4 6). After operation 6i patients were in grade I, 27
in grade 2, and one in grade 3 (N.Y.H.A.). As shown
in Fig. i, clinical deterioration subsequently occurred
in 28 patients. Two of them, both in functional
grade 2, have shown no further deterioration. The
downhill course was, however, progressive in the
remaining 26 cases. Five of them died despite in-
tensive antifailure treatment (4 of congestive heart
failure and one from pulmonary embolism associated
with advanced cardiac disability), while 5 additional
patients have grade 3 symptoms on medical manage-
ment. Sixteen patients had reoperation (mitral

FUNCTIONAL GRADE BEFORE
AND AFTER ANNULOPLASTY

PRE-OP.
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FIG . I Functional grade before and after annulo-
plasty. The second and the third columns refer to the
best postoperative results and the current position,
respectively. Mean duration of the follow-up from the
time of annuloplasty is shown in figures at the base of
the respective columns.
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FIG. 2 Actuarial analysis of survival. The lower
curve indicates survival with the original annuloplasty
while the top curve includes those who had subsequent
valve replacement.

valve replacement in IS and mitral valvotomy in i),
with 6 postoperative deaths. There was one late
death from viral pneumonia in a patient with no

cardiac symptoms. Actuarial analysis of the sur-

vival rate (Fig. 2) showed go per cent survival with
annuloplasty at S years' and 6o per cent at IO years'
follow-up.

Causes of clinical deterioration
Early symptomatic deterioration occurred in S
patients within 6 months after mitral annuloplasty
and 4 of them required mitral valve replacement.
Dehiscence of sutures was confirmed during re-

operation in 2 cases and was a probable cause of
deterioration in another patient who was considered
to have a completely competent mitral valve at the
end of the surgical procedure but showed signs
of gross mitral regurgitation in the early post-
operative period. Subacute bacterial endocarditis
accounted for clinical deterioration in the remaining
2 patients.

Late clinical deterioration in 23 patients, i to 8
years after the operation, was considered to be
caused mainly by progression of mitral valve
disease. All 23 patients had clinical signs of signi-
ficant mitral regurgitation. Associated mitral sten-
osis of varying severity was noted in 7 cases, though
in 4 of them no commissural adhesion was observed
during annuloplasty and the mitral stenosis should
be considered a postoperative development. Of the
23 patients with late deterioration, I2 have been re-

operated on. Rupture or elongation of chordae
tendineae was observed in 4, grossly thickened and
destroyed cusps in 3, and commissural fusion
reducing the long diameter of the mitral valve

orifice to from I15 to 2-5 cm in 5 patients. Aortic
stenosis was present in 2 and mixed aortic
valve disease in i patient with late clinical
deterioration. However, the lesions were trivial in
all these 3 patients and did not contribute to their
prevailing clinical state. Aortic regurgitation which
progressed over 8 years since annuloplasty caused
deterioration in one patient who also had developed
gross mitral regurgitation. In none of the 6 patients
who had associated mild to moderate degrees of
tricuspid regurgitation was the lesion considered to
be primarily responsible for the symptomatic de-
terioration.

Analysis of preoperative factors determining
long-term results after mitral annuloplasty
Factors of possible significance in the long-term
prognosis after mitral annuloplasty are analysed in
Tables 3 to 5.
No patient was refused operation on account of

age, presence or absence of atrial fibrillation, ad-
vanced clinical disability, or degreeofcardiac enlarge-
ment. However, those with severely damaged mitral
valves or with severe calcification were not accepted
for annuloplasty. Furthermore, the duration of
follow-up among the various groups shown in
Tables 3 to 5, were not necessarily comparable.
The analysis of the results, therefore, is to be con-
sidered with these points in view.
The clinical results were deemed 'satisfactory' if

the functional grades were I or 2, and 'poor' if
there was death, valve replacement, or when the
functional grades were 3 or 4 (N.Y.H.A.). Using
these criteria as the basis for comparison oftheresults
among the different groups, statistical analysis was
carried out. No significant difference in the results
could be found among any of the various groups
compared, though patients below 3I years of age,
those with grade 2 (N.Y.H.A.) preoperative symp-
toms, and also patients with cardiothoracic ratio of
less than 6o per cent apparently had slightly better
results. The presence or absence of sinus rhythm,
the presence of mild calcification, moderate cusp
involvement, and chordal thickening did not appear
to have influenced the late results. The outcome
was also similar whether or not mitral valvotomy
was performed as a concomitant procedure. The
effects of associated mild aortic valve disease or
mild to moderate tricuspid regurgitation which were
not treated surgically, at the time of mitral annulo-
plasty, are difficult to ascertain as the number of
patients involved is small. However, as the clinical
deterioration was not functionally related to the
associated lesions in most of the cases, it seems that
the presence of these untreated lesions, which were
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Mitral annuloplasty 771

TABLE 3 Influence of preoperative clinical
annulotlastv in 80 -hatients

status on clinical results after mitral

Groups No. of Mean duration Late Valve replacement Alive with
patients offollow-up death annuloplasty

(yr) Dead Alive functional
grade
(NYHA)
I 2 3

Age (yr)
<3I 29 7-0 I 2 3 I9 4
31-50 40 4 9 4 3 6 i8 7 2

>51 20 2-9 I I I 9 6 2
Rhythm

Sinus rhythm 24 4 9 2 2 I I4 3 2
Atrial fibrillation 65 4.7 4 4 9 32 I4 2

NYHA classification
2 13 3 3 I -II I
3 63 4-9 5 4 7 34 10 3
4 I3 5 8 I I 3 I 6 I

Preoperative CTR (%)
>70% I9 5.4 2 2 2 8 4 I
60-7o% 46 5.4 I 4 7 23 8 3

<6o% 24 4.9 3 I I5 5

NYHA =New York Heart Association classification; CTR= cardiothoracic ratio.

not severe, did not preclude satisfactory long-term
results after mitral annuloplasty.

Thromboembolism
None of the patients received anticoagulant therapy
except when thromboembolic complications occur-
red. Three patients (3.4%) had cerebral embolism
I tO 4 years after annuloplasty, with no neurological
sequelae. All 3 patients were in atrial fibrillation and

in one of them the left atrial appendage had been
obliterated by suturing at the time of operation.
There was no relation between systemic emboliza-
tion and the clinical condition of the patients.
Pulmonary embolism occurred in 2 patients, one

at 2 and one at 12 years after operation. The second
patient died as a direct consequence of the com-
plication. Both the patients were in sinus rhythm but
had shown clinical deterioration before the episodes
of pulmonary embolism.

TABLE 4 Influence of pathological changes in the mitral valve and concomitant mitral valvotomy on clinical
results after mitral annuloplasty in 89 patients

Surgical Pathological changes in No. of Mean duration Late Valve replacement Alive with
procedure mitral valve patients offollow-up death annuloplasty

(yr) Dead Alive functional
grade
(NYHA)
I 2 3

Without ra) Dilated annulus with
valv- J relatively uninvolved cusps 21 6-6 I 2 2 II 4tvomvo b) Cusp and chordal thickening
omY L and/or calcification 30 6-5 2 6 I2 7 3

'c) Commissural fusion i6 3-4 I I 9 4 I
With valvo- d) Commissural fusion with
tomy thickened/calcified cusps

tomy | and involvement of sub-
valvular structures 22 3-6 4 I I 12 4 -

NYHA=New York Heart Association classification.
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TABLE 5 Influence of associated valve lesions on clinical results after mitral annuloplasty

Associated lesion No. Mean Late Valve replacement Alive with
of duration deaths annuloplasty
patients offollow-up Dead Alive functional

grade
(NYHA)
I 2 3

Tricuspid valve disease
(with repair or valve T.R. 6 I-4 - - 3 3

replacement) T.S. & T.R. I 2-5 - I -

(without repair or valve
replacement) T.R. 5 8-8 I I 2 I

Aortic valve disease
(with valve A.R. 2 2-5 - 2 -

replacement) A.S. & A.R. 6 I-3 - 5 - I
(without valve

replacement) A.S. 2 9-0 I I- -

A.R. 4 7.5 I 2 I
A.S.+A.R. I iolo - - I

NYHA=New York Heart Association classification. T.R. = Tricuspid regurgitation; T.S. =Tricuspid stenosis;
A.R. = Aortic regurgitation; A.S. = Aortic stenosis.

Subacute bacterial endocarditis
Two patients (2.3%) developed subacute bacterial
endocarditis within three months of mitral annulo-
plasty. One of them had concomitant aortic valve
replacement with a heterologous pericardial graft.
Though successfully treated with antibiotics, both
patients showed significant symptomatic deteriora-
tion and subsequently required valve replacement.

Physical signs
No murmurs could be detected in I7 of the 89
patients. A pansystolic murmur of grade I/6 to 3/6
was present in 62 cases and was noted from the
immediate postoperative period up to 6 years after
annuloplasty. While the presence of a systolic mur-
mur did not preclude satisfactory postoperative
clinical improvement, all 26 patients who showed
progressive clinical deterioration had moderately
loud systolic murmurs.
A mid-diastolic murmur indicative of mitral

stenosis was present in 28 cases (as an isolated sign
in IO and associated with a mitral systolic murmur
in i8 patients). Sixteen of these cases had varying
degrees of mitral stenosis requiring valvotomy
at the time of annuloplasty while the remaining
12 cases had pure mitral regurgitation before opera-
tion. The time of appearance of the mid-diastolic
murmur varied from the immediate postoperative
period up to one year after annuloplasty. Mitral
stenosis as a dominant lesion was responsible for
clinical deterioration in one patient. Mitral stenosis
associated with mitral regurgitation was contribu-
tory to symptomatic deterioration in 6 patients.

Signs of tricuspid regurgitation were present in
9 patients during the postoperative follow-up. These

included 3 of the 5 patients in whom tricuspid re-
gurgitation was observed preoperatively but not
surgically corrected, and 2 of the 7 patients in
whom tricuspid valve surgery was performed at the
time of mitral annuloplasty. In 4 additional patients
tricuspid regurgitation developed postoperatively.
In none of them was tricuspid regurgitation severe,
and it was not considered to be responsible for the
deterioration of the cardiac state which occurred in
2 patients. Ofthe 4 patients with aortic regurgitation,
who did not have aortic valve surgery at the time
of mitral annuloplasty, 2 showed significant in-
creases in the severity of aortic regurgitation over a
period of 4 to 8 years of follow-up. The aortic valve
lesion was responsible for the deterioration of the
clinical state in one of the patients who also had
concurrently developed gross mitral regurgitation.

Electrocardiographic changes
The preoperative heart rhythm remained virtually
unchanged after annuloplasty. There were 65
patients in atrial fibrillation and 24 in sinus rhythm
preoperatively. After annuloplasty 3 patients de-
veloped atrial fibrillation, while in one atrial fibril-
lation was electrically converted to sinus rhythm.
Before operation electrocardiographic evidence of
right ventricular hypertrophy was present in I9 and
of left ventricular hypertrophy in 34 patients.
During the postoperative follow-up, when clinical
improvement was maintained, right ventricular
hypertrophy was still present in 9 and left ventric-
ular hypertrophy in i6 patients. In the patients
who had subsequent clinical deterioration, there
was no significant change towards right or left
ventricular hypertrophy. The changes in the ST-T
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Mitral annuloplasty 773

segments and T waves were difficult to assess
because the majority of patients received digitalis.

Radiological changes
While in individual instances there was pronounced
reduction in the cardiothoracic ratio in patients
with clinical improvement after mitral annulo-
plasty, this was not an invariable observation (Fig. 3).
The mean cardiothoracic ratio (with S.E.) in the
whole series decreased from 63I ± I 0 per cent to
6o ± i1o per cent (P < o-ooi).
Pulmonary venous congestion assessed by two

observers decreased in 46 cases and Kerley's 'B'
lines present in 32 cases preoperatively disappeared
in I4 after annuloplasty.

31864

13668

In the patients who showed subsequent clinical
deterioration, the radiological changes frequently
paralleled but did not always coincide with the clin-
ical state. In this group the mean cardiothoracic
ratio increased from 66 8 ± I 2 per cent to 7I 6 ± i 6
per cent (P < o-ooi). Pulmonary venous congestion
increased in I2 and Kerley's 'B' lines appeared in
3 cases.
Haemodynamic changes
Fourteen patients agreed to have repeat haemo-
dynamic investigations 5 to I I years (mean 9 years)
after annuloplasty. At the time of the study ii
patients were in functional grade I, 2 in grade 2,
and i in grade 3 (N.Y.H.A.). Atrial fibrillation was
present in I2 and sinus rhythm in 2 patients. A

22673

291272

..A

FIG. 3 Chest x-rays of two patients before and after annuloplasty showing considerable varia-
tions in the postoperative radiographic changes. A) Pronounced reduction in the heart size main-
tained 9 years after annuloplasty. B) Minimal changes in the cardiac silhouette 41' years after
annuoplasty.
Both these patients are in functional grade I (N. Y.H.A.).
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pansystolic murmur of grade i/6 to 3/6 was audible
in the mitral area in 12 and a mid-diastolic murmur
of similar intensity in io cases.

Comparison of the preoperative and postoperative
data at rest is given in Table 6 and Fig. 4. Post-
operative haemodynamic results at rest and during
submaximal supine leg exercise are shown in Table 7
and Fig. 5. Compared with the preoperative values
at rest there was a significant reduction in the mean
pulmonary wedge and the mean pulmonary arterial
pressures; the mean residual pressures, however,
remained above normal limits. No significant in-
crease in the cardiac output was noted. There was a
pronounced reduction in the pulmonary vascular
resistance in patients with high preoperative values;
the group values, however, showed only a moderate
decrease which was not statistically significant.

Postoperatively during exercise the cardiac output
increased significantly. However, the cardiac output
response to exercise was considered impaired in
relation to the oxygen uptake in all patients (Fig. 6),
when compared with the normal expected values
(Donald et al., I955). The mean pulmonary wedge
and mean pulmonary artery pressures were abnor-
mally raised on exercise while the left ventricular
end-diastolic pressure remained normal. A variable
diastolic gradient across the mitral valve was
noted both at rest and during exercise in all
patients including 4 who had no clinical signs of
mitral stenosis. At reoperation in one of them no
evidence of commissural fusion was found, but the
mitral valve cusps were rigid and retracted. The
lack of mobility of the mitral cusps was considered
to be responsible for the diastolic gradient across
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FIG. 4 Haemodynamic data at rest before and 5 to ii years after mitral annuloplasty. The
closed and open circles joined by the interrupted lines represent pre- and postoperative mean

values, while the vertical bars represent the respective standard errors of the mean. PWP=
pulmonary wedge pressure. PAP=pulmonary arterial pressure. PVR=pulmonary vascular
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Mitral annuloplasty 775

TABLE 6 Comparison of haemodynamic results at rest before and 5 to zz years after
mitral annuloplasty

Variables No. of Before After Statistical
patients annuloplasty annuloplasty comparison

Oxygen uptake (ml/min per M2) 7 I38 ± 7 I53 ± I0 P > 0-2
Cardiac output (I./min per m2) 7 2-23 ± 0-27 2-97 ±0+19 P > 0-05
Heart rate (beat/min) I4 80±5 89±4 P>O-I
Mean pulmonary wedge

pressure (mmHg) I4 22+2 I5±2 P < 0-02
Mean pulmonary arterial

pressure (mmHg) I4 33 ± 3 24 ± 3 P < 0-05
Mean aortic pressure (mmHg) I4 92 ±4 94 ± 7 P> 09
Pulmonary vascular resistance

(dynes sec cm- 5 m2) 7 575 ± 208 302 ± I02 P>0o2

Results are expressed as mean + standard error of the mean.

the valve. Close correlation could not be estab-
lished between pulmonary wedge pressure, pul-
monary arterial pressure, pulmonary vascular re-

sistance, or the diastolic gradient across the mitral
valve, at rest and during exercise, and the patient's
functional state (Fig. 7).

Left ventricular angiogram
Left ventricular cineangiography was performed in
I3 patients. Mitral regurgitation was severe in i,

moderate in 3, mild in 5, and absent in 4 patients.
The intensity of the mitral systolic murmur corre-
lated with the severity of mitral regurgitation in
general but not in all instances.

Discussion
The advent of prosthetic devices and tissue valves
has led in recent years to a less frequent use of
mitral valve repair as a means of surgical correction

TABLE 7 Haemodynamic data at rest and during
annuloplasty

of mitral regurgitation. Effler (I962) considered it
to be an unjustifiable procedure because of fre-
quent recurrence of mitral regurgitation. However,
satisfactory long-term clinical results up to I2 years
after operation have been reported (Bigelow et al.,
I96I; Anderson et al., I962; Steinmetz et al., I962;
Reed, Tice, and Clauss, I965; Aldridge, Lipton,
and Bigelow, I966; Logan, Turner, and Kitchin,
I967; Kloth et al., I968; Reed, I968; Rumel,
Vaughn, and Guibone, I969; Penther, Bourdarias,
and Lenegre, I970; Kerth et al., 197I; Manhas et al.,
1971; Selzer et al., I972; Messmer et al., I973; Kay,
I973). Clinical improvement maintained for a period
up to I4 years, as noted in the present series, further
corroborates the beneficial attributes of this pro-
cedure. Comparison of late results, by actuarial
analysis, after mitral valve replacement and mitral
reconstructive surgery, up to a follow-up period of
9 years, has shown a more favourable long-term
result after conservative operations for mitral

exercise 5 to II years after mitral

Variables No. of At rest During Statistical
patients exercise comparison

Oxygen uptake (ml/min per M2) I4 I36±8 336 ± 28 P<o-ooi
Cardiac output (I./min per M2) I4 2-57 ± i8 3-59 ± 2I p <o-ooi
Heart rate (beat/min) I4 90± 5 I32 ± 7 P<o-ooi
Mean pulmonary wedge

pressure (mmHg) 14 15 ±2 33 ± 3 p <O-OO0
Mean pulmonary arterial

pressure (mmHg) I4 24±3 45 ± 3 P<o-ooi
Left ventricular end-diastolic

pressure (mmHg) I3 4±2 8 + 2 P>O-I
Diastolic pressure gradient

acrossthemitralvalve 13 II+2 26±3 P<o-oi

Results are expressed as mean ± standard error of the mean.
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regurgitation (Kerth et al., 197I; Messmer et al.,
I973). Direct interpretation of these results, how-
ever, is limited by the fact that the patients who had
reconstructive procedures necessarily represent a
selected group and may not be strictly comparable
with those who had valve replacement.
The structural damage to the mitral valve causing

mitral regurgitation which is still amenable to con-
servative procedures has been variously defined in
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the published reports (Steinmetz et al., I962;
Anderson et al., I962; Aldridge et al., I966; Reed,
I968; Gerbode et al., I968; Rumel et al., I969;
Kerth et al., 1971; Manhas et al., 197I; Dubost,
I971; Messmer et al., I973), and the proportion of
patients considered suitable for reconstructive opera-
tions ranging from 20 to 85 per cent, as reported in
different series (Rumel et al., I969; Penther et al.,
I970; Kerth et al., I97I; Dubost, I97I; Messmer
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FIG. 5 Haemodynamic data at rest and during exercise s to iIyears after mitral annuloplasty.
The closed and open circles joined by the interrupted lines represent the mean values at rest and
during exercise, while the vertical bars represent the respective standard errors of the mean.

Abbreviations as in Fig. 4. MV=mitral valve. LVEDP= teft ventricular end-diastolic pressure.
MAP= mean arterial pressure.
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FIG. 6 Cardiac output response during exercise in
relation to the oxygen uptake, 5 to iI years after
annuloplasty. The closed circles represent the individual
values of cardiac output in 14 patients during exer-
cise. The regression line and the limits of normal
values of cardiac output in relation to the oxygen
uptake during exercise are indicated by the solid
and the interrupted lines respectively (Donald et al.,
I955).

et al., I973), reflects varied individual selection
criteria.

In the present series mitral annuloplasty was not
attempted if the mitral valve was grossly damaged or
calcified as assessed during operation. The patients
selected were mainly those with isolated mitral
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FIG. 7 Correlation of postoperative haemodynamic
variables with the clinical status of 14 patients 5 toII
years after mitral annuloplasty. The closed and open
circles represent the values at rest and during exercise,
respectively. Abbreviations as in Fig. 4 and 5.

TABLE 8 Haemodynamic results after mitral valve surgery*

Author Type of mitral valve Time of Cardiac output Mean Mean Mitral valve
study (I./min per m2) pulmonary pulmonary gradient
months wedge artery (mmHg)
postop pressure pressure

(mmHg) (mmHg)

Rest Ex. Rest Ex. Rest Ex. Rest Ex.

Judson et al. (I964) Starr prosthesis 6 2-52 3*95 I0 22 I7 35 -

Morgan (I967) Starr prosthesis I2 2-42 3-54 II 23 23 45 4 14
Hultgren et al. (x968) Starr prosthesis 7 2*56 3-76 9 I9 22 39 -

Glancey et al. (I969) Starr prosthesis 2-63 3'30 i6 26 - 7 I3
Vogel et al. (I969) Kay-Shiley prosthesis i6 2-74 3-09 i8 30 31 55 9 i8
Lee et al. (I971) Starr and Cutter-

Smeloff prosthesis 17 4 87t 7*13t 15 28 27 47 5 I7
Reid et al. (I972) Beall prosthesis 8 2.5I 3.63 i6 33 30 48 I2 24
Taylor and Galvin

(I972) Fascial valve 6 2-50 4-30 I3 3I 24 5i 6 i8

Present study Mitral repair I08 2*57 3-59 I5 33 24 45 II 26

*Data represent averaged values.
tCardiac output not corrected for the body surface area.

i

IV,
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regurgitation caused by dilatation of the mitral
ring, with minimal involvement of the valve or sub-
valvular structures and with little or no calcifica-
tion of the cusps. However, a moderately diseased
posterior leaflet or chordal adhesions which
were minimal or could be separated did not
contraindicate annuloplasty. Tears or clefts of
the cusps were sutured, mitral valvotomy and
additional valve surgery were performed when in-
dicated. In our department, 26 per cent of all cases
with significant mitral regurgitation requiring mitral
valve surgery were considered suitable for repara-
tive procedures. Within this defined group of
patients selected for mitral annuloplasty, the pre-
sence of cusp or chordal involvement, includ-
ing commissural adhesion needing valvotomy,
did not influence the long-term results. Similar
experience has been reported by Messmer et al.
(I973). Contrary to the observations of Penther
et al. (1970), good functional results were obtained
in the present series in the presence of long-stand-
ing atrial fibrillation, congestive heart failure, and
pronounced cardiac enlargement.

Mitral annuloplasty is essentially a palliative pro-
cedure and has no influence on the development of
subsequent pathologicalchanges inthe valve. Observa-
tions at reoperation have revealed both mitral stenosis
caused by commissural fusion and mitral regurgita-
tion caused by rupture or elongation of chordae, or
thickening and fibrosis of the cusps and chordae.
The presence of both mitral systolic and diastolic
murmurs are, therefore, not unexpected findings
even after an apparently successful mitral valve
repair with no subsequent technical failure. How-
ever, progression of the mitral valve disease appears
to be slow (Kerth et al., I97I) and the presence of a
mitral systolic murmur after annuloplasty noted in
this and other reports has not been inconsistent with
the maintenance of excellent functional results
(Steinmetz et al., I962; Anderson et al., I962;
Aldridge et al., I966; Logan et al., I967; Kloth
et al., I968; Penther et al., I970).
Although at the conclusion of the operation the

dimension of the mitral orifice ranged from 24 tO
42 mm, at follow-up studies evidence of mitral
stenosis was clinically detectable in about one-third
of our cases. This could be partly accounted for by
the relative stiffness of the cusps in addition to
further narrowing of the mitral valve orifice as a
result of continued rheumatic activity (Aldridge
et al., I966).

Despite the fact that routine anticoagulants were
not employed, the incidence of systemic embolism
during clinical follow-up in this series was 3-4 per
cent, similar to the experience reported by Aldridge
et al. (I966), Logan et al. (I967), and Messmer

et al. (I973). This contrasts with the incidence of
embolism of I0 tO 20 per cent after mitral replace-
ment with non-covered ball-valve prostheses
(Morrow et al., I967; Behrendt and Austen, 1973).
Though the cloth-covered prostheses have drama-
tically reduced the incidence of embolism in recent
years, this has been achieved at the cost of additional
complications of clothwear and haemolysis (Isom
et al., I972).

Subacute bacterial endocarditis occurred in 2-3
per cent of patients after mitral annuloplasty in the
present series, which compares favourably with its
incidence after mitral valve replacement with
prostheses or tissue graft (Morrow et al., I967;
Ionescu et al., I974).
Although radiological reduction in heart size has

been noted after annuloplasty (Steinmetz et al.,
I962; Logan et al., I967; Kloth et al., I968), a
decrease in cardiothoracic ratio in the present series
did not correlate in all cases with the degree of
functional improvement, and this was attributed to
the length of time the cardiac enlargement had been
present before operation and to the degree of patho-
logical changes in the myocardium (Logan et al.,
I967; Kloth et al., I968). Similar observations have
been made after mitral valve replacement (Rastelli,
Kincaid, and Kirklin, I966; Baidya, Hollinrake,
and Yacoub, I972).
The electrocardiogram was found to be a rela-

tively insensitive method in the assessment of the
cardiac status after mitral annuloplasty, as has also
been the experience of Logan et al. (I967).

In the present study pulmonary wedge and pul-
monary arterial pressures at rest remained below
the preoperative level up to II years after mitral
annuloplasty though these pressures were relatively
high as compared with what would be accepted as
normal values. These findings are similar to the
observations of Bigelow et al (I96I), Anderson
et al. (I962), Aldridge et al. (I966), and Logan et al.
(I967). There was no close correlation between the
height of postoperative pulmonary wedge and pul-
monary artery pressures or the pulmonary vascular
resistance and the symptomatic status ofthe patients.
The discrepancy between clinical results and haemo-
dynamic data after mitral valve operation has also
been noted by Judson et al. (I964), Aldridge et al.
(I966), Kloth et al. (I968), and Taylor and Galvin
(I972).
The changes in pressures in the pulmonary cir-

cuit after mitral valve repair and mitral valve re-
placement, the diastolic pressure gradients across
the mitral valve, and the response of these var-
iables to exercise as observed in this study have
been similar to those noted after mitral valve re-
placement with fascia lata grafts (Taylor and Galvin,
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1972), as well as with Starr (Judson et al., I964;
Morgan, I967; Hultgren, Hubis, and Shumway,
I968; Glancy et al., I969; Lee et al., I97I), Kay-
Shiley (Vogel et al., I969), and Beall prostheses
(Reid et al., I972) as shown in Table 8. Though the
haemodynamic data in the various series might not
have been obtained from patients of comparable
functional backgrounds, the results from the diff-
erent centres still provide the perspective against
which the data of the present study could be con-
sidered.
The effects on the resting cardiac output after

mitral annuloplasty have not shown uniform trends.
Though a significant increase in cardiac output has
been noted after mitral valve reconstructive pro-
cedures (Logan et al., I967; Selzer et al., I972),
Anderson et al. (I962) did not find any significant
improvement postoperatively, as has been our ex-
perience. Varied changes in the cardiac output have
also been observed after mitral valve replacement
with prosthetic as well as fascial valves (Morrow
et al., I967; Hultgren et al., I968; Lee et al., I97I;
Taylor and Galvin, 1972). The reasons for the im-
paired cardiac output response to exercise remain
speculative; while a degree of obstruction to the
forward flow at the mitral valve during exercise
provides a partial explanation, it is probable that
'myocardial factor' has a significant role as has been
suggested by Hultgren et al. (I968).

In conclusion it can be said that mitral annulo-
plasty achieves satisfactory clinical improvement in a
selected group of patients who fulfil the criteria for
this type of reparative surgery to be performed.

Although the haemodynamic results are far from
ideal, they are comparable with those obtained after
prosthetic and biological valve replacement.

Until an ideal heart valve substitute becomes
available, the procedure will continue to have place
in the surgical treatment of mitral regurgitation.
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