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Preoperative clinical predictors of long term survival
in mitral stenosis: analysis of 200 cases followed for up
to 27 years after closed mitral valvotomy
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ABSTRACT Two hundred patients aged 17-40 years undergoing closed mitral valvotomy during
1955-60 were studied by actuarial survival analysis. The period of follow up was 22-27 years. The
following preoperative features were found to be independent predictors of long term survival: sinus
rhythm (p < 005); pulmonary arterial pressure below systemic pressure (p < 0 01); absence of
congestive cardiac failure (p < 001) and pure mitral stenosis (p <00 1). A better long term survival
was found for mitral valvotomy with a Tubb's dilator than finger splitting or Brock's method. The
presence of calcification at the time of valvotomy adversely affected survival (p < 0-01). Anti-
coagulation improved survival (p < 0 01). It is concluded that closed mitral valvotomy gives good
results if performed before the onset of established atrial fibrillation and congestive cardiac failure
and that all patients should have anticoagulation. These results have important implications for
selection of patients in countries with limited facilities for open heart surgery.

The symptomatic and haemodynamic improvements
brought about by commissurotomy in rheumatic
mitral stenosis have been well documented.' 2 The
emphasis in current publications is on open heart
surgery in mitral stenosis and the relatively simple
method of closed mitral valvotomy tends to be over-
looked.24 This may be unfortunate because most
rheumatic mitral valve disease occurs in developing
countries where modem expensive facilities for cardi-
ological investigation and open heart surgery are not
usually available.5`7 There is, however, evidence of
some recent revival of interest in closed mitral
valvotomy and confirmation of its value in the long
term relief of symptoms.8 9
A recent report of the outcome in over 600 patients

attempted to identify clinical predictors of survival.'O
Nevertheless, there is still considerable disagreement
about the long term effects of mitral valvotomy. " -13
The present study aimed to identify specific fea-

tures of mitral stenosis that would predict long term
survival in patients undergoing closed valvotomy. We
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have analysed data on 200 consecutive patients who
had been treated in this way 22-27 years previously.

Methods

SELECTION AND FOLLOW UP OF PATIENTS
We studied records of 218 consecutive patients, aged
17-40 years, who underwent closed mitral valvotomy
in Liverpool from January 1955 to December 1960.
The eight patients who had had a previous valvotomy
elsewhere and a further 10 suffering from systemic
illnesses (for example, diabetes mellitus) were
excluded. The resulting sample consisted of 200
patients, 42 men and 158 women.
The patients had initially been referred to Liver-

pool from a wide area covering North Wales, Mer-
seyside, and Lancashire. Data were collected by
examining case records, operation notes, personal
records of the cardiologists, and communications
from referring physicians and family practitioners
obtained in response to a simple postal questionnaire.
A second closed valvotomy was done on those

patients who showed progressive deterioration in
symptoms-for example, paroxysmal nocturnal dys-
pnoea, palpitations on exertion, and congestive car-
diac failure (New York Heart Association (NYHA)
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Table 1 List ofvariables studied in each case

1 Sex
2 Age
3 Duration of symptoms in years. (eg dyspnoea on exertion,

paroxysmal nocturnal dyspnoea, palpitations)
4 Cardiac rhythm prior to operation
5 Pulmonary artery pressure
6 Congestive cardiac failure
7 Embolic events
8 Mitral valve calcification in radiographs
9 Associated cardiac condition (eg mitral regurgitation;

lesions of aortic, tricuspid, and pulmonary valves)
10 Type of operation (eg transventricular approach with

Tubb's dilator; atrial approach with finger splitting
or Brock's method; combined mitral and aortic
valvotomies)

11 Extent of valve fibrosis
12 Subsequent valvotomy
13 Mitral valve replacements
14 Cardiac rhythm at the time of last examination or death
15 Anticoagulation treatment
16 Period of survival
17 Cause of death

functional class III or IV) despite maximum medical
treatment. All such patients were assessed by cardiac
catheterisation, including coronary angiography.
Those patients who were considered unsuitable for
repeat valvotomy were given mitral valve prostheses.
The information recorded at the time of the last

medical contact was used for analysis of those
patients lost to follow up. All patients attending the
cardiothoracic centre were seen by one of us from
January to June 1983. In the case of patients known
to have died, the cause of death and events leading to
death were established by inspecting the hospital case

records, records kept by family practitioners, and nec-
ropsy reports where available.

THE VARIABLES STUDIED
Seventeen items of information were obtained about
each patient and used in the analysis. These are listed
in table 1. Pulmonary artery pressure was determined
by preoperative cardiac catheterisation in 128
patients (64%). A further 58 patients (29%) had pul-
monary artery pressure estimated from chest radio-
graphs by the methods described by Galloway,14
Milne,'5 and Simon.'6 Each of these variables was
matched against the overall survival of the group to
ascertain its prognostic significance. The patient's
entry to the study was defined as the time of the first
valvotomy operation. The end point was death. In
contrast with the convention of previous reports, a

second valvotomy or mitral valve replacement was
not considered as an end point because the second
operation was carried out by the same procedure as
the first within 10 years and most valve replacements
were performed more than 10 years after the first
operation. Cases lost to follow up were included as

censored observations.
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STATISTICAL ANALYSIS
The information was analysed with the Statistical
Package for Social Sciences Extended (SPSSX)'7 at
the University of Liverpool. Survival analysis was
performed by the actuarial method of Berckson and
Gage.18 The influence of the variables listed in table 1
on survival was assessed by techniques described by
Lee-Desu,19 where statistic D is calculated from the
survival scores. D is asymptotically distributed as x2
with g-l degrees of freedom (g equals the number of
subgroups in each variable).
The independent significant variables thus obtained

were combined to observe their predictive value on
long term survival. This was done by logistic analysis
with SPSSX'7 on the assumption of additivity of
effects on log odds scale-that is, risk factors multi-
plicative on odds scale. This assumption gave an
acceptable goodness of fit of the observed survival
data-namely, 2 (X2 = 26.8, 26 df, NS). The 5% level
of probability was taken as significant.

Results

POPULATION AND VARIABLES
Two hundred patients were entered in the study. The
mean age at operation was 29 (range 17-40) years.
The female to male ratio was 4:1.
The duration of symptoms before valvotomy (pal-

pitations, paroxysmal nocturnal dyspnoea, and dys-
pnoea on exertion) was five years or less in 100
patients (50%), > 5-10 years in 48 (24%), > 10-15
years in 23 (11.5%), > 15-20 years in eight (4%); and
more than 20 years in six (3%).
One hundred and thirty patients (65%) had sinus

rhythm, 65 (33%) atrial fibrillation, and four (2%)
variable rhythm. In one patient the preoperative elec-
trocardiogram was unavailable. A systolic pulmonary
artery pressure of less than 50mm Hg was classified as
"mild" pulmonary hypertension (80 patients, 40%),
50-79mm Hg as "moderate" (78 patients, 39%), and
80mm Hg or more as "severe" (28 patients, 14%).

Seventy one patients (35%) had congestive cardiac
failure at the time of operation (NYHA criteria
classes III and IV). In 28 (14%) congestive cardiac
failure persisted after valvotomy; 38 patients (19%)
developed it after operation; 37 patients (19%) did
not suffer from it at any time. In the remaining 54
patients (27%), although none was in heart failure
before valvotomy, the functional class was not
specifically recorded at the last follow up exam-
ination.
Twenty seven patients (13%) had had at least one

significant systemic embolic event before operation
and 20 (10%) developed embolism during the follow
up period. One patient developed emboli both before
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and after valvotomy. Seventeen out of 47 patients
with emboli were in sinus rhythm; 133 patients (66%)
did not suffer from embolic episodes. For 19 patients
(10%) lost to follow up the history relating to
embolism was uncertain.

Forty eight patients (27%) had appreciable mitral
regurgitation, 30 (15%) had associated aortic steno-
sis, four had tricupsid stenosis, and four had multiple
valves affected. One hundred and fourteen patients
(57%) had pure mitral stenosis without clinical evi-
dence of appreciable regurgitation. The degree of
calcification was recorded as nil to minimal in 148
patients (74%) and moderate to severe in 47 patients
(27%). This information was not available for five
patients.
The extent of valve fibrosis at the time of operation

was recorded as "mild" (46 patients, 23%), "mod-
erate" (40 patients, 20%) or "severe" (110 patients,
55%). Records were not available for four patients.
One hundred and six patients (53%) were operated

on with Tubb's dilator and 68 (34%) by finger frac-
ture of the fused valve. In the remaining 26 patients
(13%) other methods were used and 14 (7%) of them
had mitral and aortic valvotomies performed at the
same time.
Long term anticoagulation was given to 48 patients

(24%); 66 patients (33%) did not receive any anti-
coagulation. Of the remaining 86 patients (43%),
some had received anticoagulation for two years
only20 and others had received either none at all or
only intermittent anticoagulation and were excluded
from this part of the analysis.
Twenty seven patients (14%) had a second

valvotomy-10 within the first five years, 10 within
the next five years, four 10 to 15 years, one between 15
to 20 years, and two more than 25 years after oper-
ation. Thirty two patients (16%) had mitral valve
replacements-18 10-19 years and 14 more than 20
years after operation.
At the time of the last follow up examination or

death, 107 patients (53%) had atrial fibrillation, 81
(40%) sinus rhythm, and seven (3%) other rhythms.
The ECGs of five patients were not available.

ANALYSIS OF SURVIVAL

Follow up
One hundred and ten patients were followed up,
either to the present day or to the time of death. Of
the original group, 20 patients had been lost by five
years and 84 by 10 years. Thereafter only a further six
patients were lost. The high rate of fallout from the
study from 5 to 10 years is partly explained by the
reorganisation of the referral system in the National
Health Service and the very wide area covered by the
Liverpool hospitals providing a regional cardiological
service. We have taken the fallout into account in our

statistical analysis by the actuarial method referred to
earlier.

Fifty nine patients were known to have died; 17
patients died during the perioperative period and 42
died subsequently. Of these 42, 28 had died of cardio-
vascular causes and the cause of death was not clear
in the remaining 14 patients.

Variables predicting long term survival
Independent Variables (figure) Only seven of the 17
variables were found to have independent correlation
with survival. These were: (I) preoperative cardiac
rhythm; (2) congestive cardiac failure; (3) associated
cardiac conditions; (4) type of operation; (5) pul-
monary artery pressure; (6) mitral valve calcification;
and (7) anticoagulation treatment. Sex (a slight pre-
ponderance of women) had only a non-significant
association with survival (p < 0 08). The duration of
symptoms before operation was not a significant
factor in long term prognosis (p < 0-44).

Combination of significant variables
We were able to observe the collective influence of
significant variables by logistic analysis on only 105
cases, as 95 were rejected because of missing data. The
results are shown in table 2. In a subgroup of 25
patients, all of whom had valvotomy performed by
Tubb's method and received anticoagulation treat-
ment, the probability of long term survival was high-
est among patients in sinus rhythm, without con-
gestive cardiac failure or severe pulmonary artery
pressure, as shown in table 3. This, however, may not
represent the experience of the whole group.

Discussion

In our population the clinical predictors of prolonged
survival were: pure mitral stenosis; preoperative sinus
rhythm; mild to moderate rather than severe pul-
monary arterial hypertension; absence of congestive
cardiac failure at the time of operation, and anti-
coagulation treatment. Patients with valve calcifica-
tion had a poor outcome. A transventricular
approach with a mechanical dilator to perform
valvotomy gave better results than finger splitting or
other approaches.
Although our final sample is modest in size and

contains many cases lost to long term follow up the
results point to important aspects in the management
of mitral stenosis. The incidence of atrial fibrillation
in our series was higher than has been previously
reported.21 Twenty four per cent of patients suffered
systemic embolism, a figure similar to that found in
other series.22 -24 Anticoagulation had a strong
favourable influence on prognosis. In view of the fact
that this influence was observed even in patients in
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Table 2 Probability of20 or more years' survival, based on
105 cases

CCF Cardiac Anticoagulants Estimated
arrhythrnias % survival

No Absent No 47.6
No Absent Yes 90.0
No Present No 15.62
No Present Yes 64.6
Yes Absent No 23.0
Yes Absent Yes 74.6
Yes Present No 5.8
Yes Present Yes 37.5
CCF-congestive cardiac failure.

sinus rhythm, the case for offering anticoagulation
treatment to all patients with mitral stenosis,
inrrespective of rhythm, history of embolic events, or
cardiac failure, would appear to be strengthened.
Our observations that preoperative congestive car-

diac failure and severe pulmonary arterial hyper-
tension are markers of poor prognosis challenges the
teaching2" that mitral valve surgery should be under-
taken only if medical treatment fails to control symp-
toms. Our results support the view that early inter-
vention is desirable.25 26
As regards actual operative technique, the study

supports the current preference for a transventricular
approach with a mechanical dilator27 rather than
other methods.28

In contrast to the findings of Cummerford et al,'3
our results suggest that extent of fibrosis of the mitral
valve apparatus has no bearing on long term survival
and that the high level ofpulmonary artery pressure is
indeed associated with a poor prognosis.
We conclude that closed mitral valvotomy by the

transventricular approach with a mechanical dilator
may be associated with an excellent long term out-
come. Most of the predictors of survival after oper-
ations are available from clinical examination, the
chest radiograph, and the ECG. Although open heart
surgery has largely displaced closed mitral
valvotomy, the latter still has a part to play in the
management of mitral stenosis, especially in countries
with limited resources.

Table 3 Probability of20 years' survival with Tubb's
operation and with anticoagulation treatment, based on 25
patients

PA pressure CCF Arrhythmias Estimated
(mm Hg) % survival

< 80 No Absent 95.1
< 80 No Present 89.6
< 80 Yes Absent 81.2
< 80 Yes Present 68.5
> 80 No Absent 87.6
>80 No Present 61.0
80 Yes Absent 75.8

> 80 Yes Present 40.9
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