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Abstract

With the introduction of surgery and percutaneous
balloon valvuloplasty for relieving severe mitral stenosis the natural
history of the disease has markedly altered.
To determine the natural history of the disease in
patients with moderate mitral valve stenosis.
Demographic, clinical and echocardiographic data were
evaluated in 36 patients with moderate mitral stenosis during a followup of 71 + 15 months.
The 36 patients comprised 32 women and 4 men with a
mean age of 43.7 + 12.2 years; 28 were Jewish and 8 were of Arab
origin. During follow-up, there was a significant decrease in mitral valve
area, with an increase in mean mitral valve gradient
and score. Mean
loss of mitral valve area was 0.04 + 0.11 cm2/year. No correlation was
found between disease progression and age, past mitral valve
commissurotomy, baseline mean gradient or mitral valve score. Larger
baseline mitral valve area (P = 0.007) and Arab origin (P = 0.03) had
an independent correlation to loss of mitral valve area. Fifteen patients
(42%) did not demonstrate any loss in mitral valve area during the
follow-up period.
The rate of mitral valve narrowing in patients with
moderate mitral stenosis is variable and cannot be predicted by
patient's age, past commissurotomy, valve score or gradient. Secondly, larger baseline mitral valve area and Arab origin showed an
independent correlation to loss of mitral valve area; and finally, in many
patients valve area did not change over a long observation period.
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over 80% at 20 years, depending on the patient's clinical status and
age.
More recent serial hemodynamic and Doppler echocardiographic
studies enabled the estimation of annual mitral valve area loss
[9,10]. These studies detected a wide dispersion of mitral valve area
loss, without reaching a consensus regarding the factors that may
predict disease progression.
With the introduction of surgical techniques for relieving mitral
stenosis, the natural history of the disease has markedly altered.
Patients with severe symptomatic mitral stenosis are referred to
surgery or balloon valvuloplasty. The goal of our study was to
determine the natural history of patients with a moderate degree of
stenosis in order to provide them with effective follow-up [11,12].
Materials and Methods
Patient selection

During 38 months, between 1 November 1989 and 31 December
1992, definitive echocardiographic criteria of chronic rheumatic
heart disease were found in 392 patients and stored in the database
of the non-invasive cardiology unit at Rambam Medical Center,
Haifa, Israel. Pure moderate mitral stenosis defined as a mitral
2

valve area of 1.2±1.9 cm was found in 56 patients (15%). Patients
with more than mild mitral regurgitation [13] and those with aortic
or tricuspid valve disease were excluded from the study.
Because of difficult follow-up and frequent associated systemic
diseases that may influence prognosis, eight patients aged 70 or
older at the time of the baseline echocardiographic study were

Rheumatic mitral stenosis is an acquired progressive form of

excluded from follow-up. Three patients died of non-cardiac causes

valvular heart disease, characterized by diffuse thickening of the

and nine other patients were lost or refused follow-up. The

mitral leaflets, fusion of the commissures and shortening and

remaining 36 patients comprised the study group.

fusion of the chordae tendineae. These pathologic lesions combine
to decrease the size of the mitral valve orifice, thereby restricting

Two-dimensional and Doppler echocardiography

the flow of blood into the left ventricle [1]. When the decrease in

All studies were performed using an Acuson 128XP (Mountain View,

mitral valve area becomes critical, surgical correction [2] or

CA, USA) or a Hewlett Packard Sonos 1000 (Andover, MA, USA)

percutaneous balloon valvuloplasty [3] is required.

ultrasound machine equipped with 2.5 and 3.5 MHz phased-array

The progression of mitral stenosis is generally slow, although it

transducers. Continuous-wave Doppler was performed with a 1.9

varies widely among different patients. In general, in developing

non-imaging transducer connected to the ultrasound machine. Two-

countries and tropical areas the disease is often rapidly progressive

dimensional and M-mode echo measurements were performed

[4]. The natural history of untreated mitral stenosis was studied

from the long or short parasternal view, or the subcostal view,

prior to the advent of techniques for relieving mitral stenosis and in

according to the American Society of Echocardiography recommen-

patients refusing surgery [5±8]. The mortality of untreated patients

dations [14]. Pressure gradients were calculated from velocities

with significant mitral valve stenosis was about 40% at 10 years and

using the Bernoulli equation modified by Holen-Hatle:
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Mitral valve area was measured with the pressure half-time method

blockers, calcium channel antagonists, digoxin, angiotensin-con-

using the software package on the ultrasound machine [15]. The

verting enzyme inhibitors and diuretics were used in 17%, 19%, 17%,

average values of 3±5 beats in patients with normal sinus rhythm

14% and 22%, respectively. No patient had clinically evident

and 5±10 beats in patients with atrial fibrillation are routinely

exacerbation of rheumatic activity during follow-up.

accepted for the above measurements. Mitral valve score was
evaluated using the method described by Wilkins et al. [16]. This

Echocardiographic and hemodynamic data

method assigns a severity grade of 0 to 4 for each of the following

Echocardiographic characteristics of the patients at entry to the

characteristics of the mitral valve: mobility, subvalvular thickening,

study and at last follow-up visit are presented in Table 1. During the

leaflets thickening, and calcification. A total echocardiographic

follow-up, there was a significant decrease in mitral valve area, and

score (0 to 16) is derived by summing the individual scores. Higher

increases in mean mitral valve gradient, mitral valve score and left

score values represent increasing degrees of morphologic disease.

atrial dimension.

Systolic right ventricular (or pulmonary artery pressure) was
calculated using the modified Bernoulli equation given by:
PAP = 4 x (tricuspid systolic jet)

2

+ 10 mmHg (estimated right

arterial pressure) [17].

Progression of moderate mitral stenosis

The mean rate of decline in mitral valve area was 0.04

+

2

0.11 cm /

year. Fifteen patients did not show any decrease in mitral valve area
during the follow-up period. These 15 patients (termed the no

Follow-up

The mean follow-up period was 71

+

+

progression group) were compared with the 10 patients who had
15 months (range 16±93).

annual loss of mitral valve area larger than average (0.12
2

2

0.11

Evaluation of functional capacity (New York Heart Association),

cm /year, range 0.042±0.7 cm /year), the "fast progression group."

prescription of medical therapy, and the decision to refer the

Demographic and echo characteristics of these two subgroups are

patient to mitral valve surgery or percutaneous balloon mitral

summarized in Table 2.

valvuloplasty, was performed according to usual clinical and

Patients in the "fast progression group" had a significantly larger

echocardiographic criteria by the attending cardiologist at each

baseline mitral valve area. Forty percent of the "fast progression

visit. In case of intervention, the last echo study before intervention

group" patients were of Arab origin compared to only 13% in the "no

was considered as the last follow-up study.

progression group," but this difference did not reach statistical
significance. All other demographic or echo data were similar in the
two subgroups.

Statistical methods

Echocardiographic data at baseline and at the last follow-up visit
were compared using the two-tailed, paired, Student

t -test.

Demographic and echo data between subgroups of patients were
compared using the two-tailed, non-paired, Student t -test. Stepwise
backward multiple regression analysis was performed on the model

Echocardiographic characteristics of study patients at entry and last
follow-up visit
Table 1.

to define which parameters could independently predict mitral
valve annual area loss, using the Microsoft Excel Version 7. For the

+

comparison of proportions, the Primer of Biostatistics Version 4 was
used. Data are presented as mean

1SD. For all statistical tests,

P

< 0.05 was regarded as statistically significant
Results
Patients' characteristics

+

There were 32 women (89%) and 4 men, with a mean age at entry to
the study of 43.7

Entry
2

Last follow-up

P

1.41

0.0005

0.18

+
+
+
+
+
+
+

1.53

Mean gradient (mmHg)

5.9

2.0

7.0

3.1

Mitral valve score

5.1

1.7

6.3

2

Left ventricular (ED), (mm)

49.3

Fractional shortening (%)

39

Left atrium (mm)

44.3

PA pressure (mmHg)

37

5.9

49.4

6.1

47.5

7

39

10

39

0.20

0.004
0.005

4.5

NS

6.2

0.0002

6

NS

10

NS

ED = end diastole

12.2 years (range 21±69). In 14 of the 36

patients (39%), mitral valve commissurotomy due to severe mitral
stenosis was performed 4±28 years before recruitment to the study.
Twenty-eight of the patients were Jewish and 8 patients were of Arab
origin. Atrial fibrillation was present in 8 of the 36 patients (22%) at

Demographic and echocardiographic characteristics of patients with
fast progression versus patients without progression of mitral stenosis
Table 2.

baseline and in 13 patients (36%) at the last follow-up visit. At
baseline there were no patients in FC III. At the last follow-up visit,
eight patients (22%) were in FC III. Systemic hypertension was
found in five patients and diabetes mellitus in two.
Most patients (70%) were on medical therapy. Anticoagulation
with warfarin was administered to 13 patients. Beta receptor

PAP = pulmonary arterial pressure
FC = functional class
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Fast progression

No progression

(n=10)

(n=15)

+

43.8
8/2

13/2

NS

Past commissurotomy

5 (33%)

4 (40%)

NS

Arab origin

40%

13%

NS

Follow-up time (months)

64.3

Baseline MVA (cm )

1.7

Baseline MG (mmHg)

5.5

Baseline score

5.0

22.6

44.8

+

Age (yr)

+
+
+
+

15.5

+
+
+
+

12.6

P

Women/Men

2

16

+
+
+
+
+
+
+

Mitral valve area (cm )

NS

71.3

10.7

NS

0.17

1.41

0.20

0.0006

1.3

6.1

1.8

5.7

1.8

NS

1.9

NS
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Baseline factors predicting mitral valve stenosis progression

disease. During follow-up, mitral valve area decreased at a mean

By univariate analysis the following parameters were evaluated in

rate of 0.09 cm /year. In 28 patients there was no decrease and in

2

2

relation to the annual loss of mitral valve (cm /year) and are

another 40 there was a slow progression of mitral valve narrowing.

presented in ascending order of significance: past mitral valve

Similar to our results, though with a weak correlation by multi-

commissurotomy (r = 0.11), mean gradient (r = 0.12), mitral valve
score (r = 0.12), age (r = 0.18), mitral valve area (r = 0.32,
0.051), and patient's origin (Jewish versus Arab) (r = 0.35,

P
P

variate analysis, the rate of progression was significantly greater

=

among patients with a larger initial mitral valve area. No other

=

variables evaluated in the study could predict disease progression

0.038).

in individual patients. Mean annual mitral valve area loss in the

Since several different but interdependent parameters may have
prognostic importance, we performed multivariate analysis on

patients with moderate stenosis was very close to our study results
2

(0.06 cm /year).

these variables. Only two parameters were found to have

Gordon et al. [10] studied 50 patients with rheumatic mitral

independent correlation to the annual loss of mitral valve area:

stenosis using serial two-dimensional and Doppler echo during

the rate of progression, which was significantly greater among

7±74 months (mean 39). The mean decline in valve area was 0.09

patients with a larger baseline mitral valve area (P = 0.007), and

Arab origin (P = 0.03).

2

2

cm /year with a very large standard deviation of

5

0.21 cm /year.

Contrary to our findings, patients with an echocardiographic
score

8 in Gordon's study had a more progressive course. In

Significance of patient's origin

addition,

in the study group there were eight patients of Arab origin. These

significantly

+

gradient (P = 0.007) and total echo score (P = 0.0008). Initial

+
+

patients were significantly younger at the first follow-up visit (29.3
4.6 versus 47.9

+

P

10 years,

< 0.0001; Arab vs. Jewish origin,

respectively), had significantly faster progression of the disease
(0.11

0.23 vs. 0.02

2

+

P = 0.038) and a significantly
22.8 vs. 75.9
11.9, months, P =

+

0.02, cm year,

shorter follow-up period (59.6

patients
greater

with

a

more

progressive

initial

mean

gradient

(P

course
=

had

0.01),

a

peak

valve area did not correlate with the rate of stenosis progression.
Our

patients

5

were younger

baseline mitral valve score

and

only

three

patients had

a

8.

0.009). There was no significant difference in baseline mitral valve

Ethnic origin as a predictor of progression of mitral

area, mean gradient or mitral valve score between these two

valve stenosis

populations. Three Arab patients (38%) were referred to surgery

A meta-analysis [18] showed a significant negative association with

during the follow-up period as compared to only 3 of the 28 Jewish

HLA-DR5 and a positive association between HLA-DR4 and HLA-

patients (11%).

DR7 and rheumatic heart disease, suggesting a link between
susceptibility to rheumatic heart disease and genetics. A study on

Effect of past mitral valve commissurotomy on disease progression

patients of Arab origin [19] reported positive HLA-DR4 association

There was no difference in the mean age and follow-up time of the

and rheumatic heart disease.

14 patients (12 women) with past mitral valve commissurotomy

There is a persistent decline in the incidence of rheumatic fever

compared to the other 22 patients. These 14 patients had a

in Israel. Acute rheumatic fever remains more common in the non-

+

significantly larger baseline mitral valve area compared to the 22

+

patients who did not undergo the surgical procedure (1.65

Jewish than in the Jewish population and in children from relatively

0.17

overcrowded and deprived homes [20±22]. We have no data

+

regarding appropriate antibiotic prophylaxis throughout the fol-

= 0.002, in the last echo

activity and no HLA data. Therefore, the possibility that disease

study. Annual mitral valve area loss in the two groups was similar

progression in our patients was related to asymptomatic recurrence

vs. 1.45

0.19 cm

+

2

respectively,

P

= 0.002). This advantage was

maintained during follow-up, with mean mitral valve area of 1.52
0.16 vs. 1.33
(0.13

+

2

0.15 cm , respectively,

0.18 vs. 0.13

+

P

2

0.20 cm /year, receptively,

P not significant).

low-up interval, no serologic evidence of recurrent rheumatic

of rheumatic fever rather than to genetic factors cannot be
excluded.

Discussion
Progression of moderate mitral valve stenosis

Limitations

Rheumatic mitral valve stenosis is a slowly progressive disease.

We present a long follow-up on a small group of patients from a

In our study we found a slow mean rate of annual area loss of

single outpatient clinic and echocardiographic laboratory. Some

2

2

0.04 cm /year with a large standard deviation of about 0.11 cm /

patients had previous mitral valve commissurotomy. Data were

year. Actually, in 15 patients (42%) no decrease in annual area

collected from patients' clinical files and readers were not blinded

loss was detected, whereas 10 of the 36 patients (28%) had

to clinical data or sequence of examinations. The observation of

evident progression of the disease during a similar follow-up

faster progression of mitral stenosis in the Arab population, though

time [Table 2].

statistically significant, is based on a small number of patients and

Sagie et al. [9] studied 103 patients (mean age 61 years; 74%

+

should be considered as preliminary. The socioeconomic status of

female) with serial two-dimensional and Doppler echocardiography.

our patients, serologic evidence of recurrent rheumatic activity, and

The follow-up period was 3.3

2.0 years. The study group included

HLA data were not evaluated in the current study. Exacerbation of

patients with a wide range of baseline mitral valve (mild to severe

rheumatic activity was only clinically evaluated and subclinical

stenosis), as well as patients with combined mitral and aortic valve

events might have been missed.
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Conclusions

valve narrowing in patients with rheumatic mitral stenosis: implications

The rate of mitral valve narrowing in individual patients with
moderate mitral valve stenosis is variable and cannot be predicted
by patient's age, past mitral valve commissurotomy, mitral valve
score or transmitral gradient. Despite the weak correlation by
multivariate analysis, the rate of progression is significantly greater

for follow-up.
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Capsule
Poly(A) tails and spermatogenesis
A gene-regulation mechanism that operates during spermato-

addition, TPAP is involved in poly(A) tail extension of particular

genesis has been identified by Kashiwabara et al. Male mice that

transcription factor messenger RNAs (mRNAs) in round sperma-

carry a targeted disruption of the gene for testis-specific,

tids, and the elimination of TPAP affects nuclear transport of the

cytoplasmic poly(A) polymerase (TPAP) are infertile because of

TAF10 transcription factor. Hence, TPAP is critical for mRNA

an arrest in spermiogenesis at the round spermatid stage. The

control during mammalian gametogenesis through post-tran-

reduced expression of a subset of haploid-specific genes

scriptional and post-translational events.

demonstrates that TPAP is essential for spermiogenesis. In
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2002;298:1999
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