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ercutaneous mitral valvuloplasty (PMV) is considered the pro-
cedure of choice for patients with symptomatic mitral stenosis
and suitable valve morphology.1 PMV also produces good results

for restenosis and can provide symptomatic relief in up to 90% of cases
for many years.2 However, in some cases, the complications of PMV
itself preclude repeat procedures and may require mitral valve
replacement. We describe a patient with multiple PMVs producing
hemodynamically significant atrial septal defects (ASDs) requiring
mitral valve replacement and ASD closure.
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Percutaneous mitral valvuloplasty (PMV) produces good results for symptomatic
mitral stenosis or restenosis if valve morphology is suitable. However, complications
such as atrial septal defect have severe hemodynamic effects, and repeat PMV is
not always appropriate. The patient in this case had already undergone multiple
PMVs and was a candidate for valve replacement. 
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Restenosis After Repeat PMV

History
A 67-year-old woman with a history
of rheumatic mitral stenosis had
PMV in 1990. Three years after the
PMV, her mitral valve area by
planimetry was 1.5 cm2 with a peak
gradient of 17 mm Hg and mean
gradient of 10 mm Hg. A small ASD

with left-to-right flow was noted. The
patient remained asymptomatic until
1995, when atrial fibrillation and
congestive heart failure developed.
Her mitral valve area by planimetry
was 1.1 cm2. A second PMV was per-
formed for restenosis, and the post-
procedure mitral valve area was 
2.1 cm2 with a mean gradient of 
3 mm Hg. The patient presented in
2001 with NYHA class 3 symptoms
presumed secondary to hemodynam-
ically significant mitral stenosis.

Physical Examination
On physical examination the patient

appeared comfortable at rest. The
heart rate was 80 beats per minute
and irregularly irregular, and the
blood pressure was 130/80 mm Hg.
Her jugular venous pressure was 6 cm
H2O above the sternal angle. Carotid
upstroke was normal. On cardiac
auscultation, a 2/6 holosystolic and

a 1–2/6 diastolic rumble were both
heard at the apex. An opening snap
was also present. There was no S3 or
S4. The patient had bilateral lower
extremity edema.

Diagnostic Test
On transthoracic echocardiography
the mitral valve demonstrated dom-
ing with restricted leaflet tip excur-
sion (Figure 1). There was valvular
and subvalvular thickening, as well as
calcification (mitral valve score = 9).
The mitral valve area was 1.1 cm2,
with peak gradient 17 mm Hg and
mean gradient 6 mm Hg. There was

moderate mitral and tricuspid
regurgitation. The right ventricular
systolic pressure was estimated at 
38 mm Hg by continuous-wave
Doppler. The right ventricle was
dilated, with diffuse hypokinesis. The
interatrial septum had two discrete
defects, each measuring approxi-
mately 0.5 cm in diameter (Figure 2).
There was marked left-to-right
shunting between the atria. The
mean velocity of flow across one of
the defects was 210 cm/s. Using a
defect diameter of 0.5 cm, the left-
to-right flow across each defect was 
2.5 L/min, or 5 L/min for both defects
together. The cardiac output at car-
diac catheterization was 3.0 L/min.
Therefore, the estimated pulmonary-
to-systemic flow ratio was 2.7:1.

Management
The diagnostic test confirmed the
presence of rheumatic mitral
restenosis with increased gradients
across the valve. Although previous
PMVs had resulted in 5-year symp-
tom-free periods and there was no
significant pulmonary hyperten-
sion, the procedures had produced

Figure 1. Parasternal long axis echocardiographic view of mitral valve. During diastole,
there is restriction of mitral leaflet opening excursion; the leaflets are markedly thickened
and calcified, consistent with rheumatic mitral stenosis. 
LA, left atrium; LV, left ventricle.

In some cases, the complications of PMV itself preclude repeat proce-
dures and may require mitral valve replacement.

Figure 2. This subcostal view demonstrates two discrete jets entering the right atrium
through the interatrial septum. The atria are markedly dilated. 
LA, left atrium; RA, right atrium. 
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two ASDs with hemodynamically
significant left-to-right shunting.
The shunt flow, combined with the
moderate tricuspid regurgitation,
resulted in right ventricular dys-
function and dilatation. 

Although a third PMV was con-
sidered, it was felt that this would
likely cause greater interatrial shunt-
ing and thus was not indicated. The
patient underwent mitral valve
replacement and surgical closure of
the ASDs. She recovered well post-
operatively and was discharged. 

Discussion
Closed commissurotomy was the
original basis of therapy for thick-
ened and fused rheumatic leaflets.
Closed surgical commissurotomy
was first performed in the 1920s via
a transatrial or transventricular
approach.3,4 With the development
of cardiopulmonary bypass, open
mitral commissurotomy (with direct

visualization of the valve) and
mitral valve replacement became an
alternative procedure. Percutaneous
mitral valvuloplasty, developed in the
1980s, is a catheter-based approach
in which one or more balloons are

inflated within the valve orifice to
split the commissures. Open commis-
surotomy and percutaneous valvu-
loplasty have similar short- and long-
term benefits.5

Balloon valvuloplasty has obvious
benefits over surgery, including
greater ease of delivery, elimination
of the need for a thoracotomy, and
shorter hospital stay. It is considered
the procedure of choice for patients
with symptomatic mitral stenosis
and suitable valve morphology, pro-

vided there is no evidence of left
atrial thrombus or significant mitral
regurgitation.1 Morphologic features
of the mitral valve determined by
transthoracic echocardiogram are of
value for assessing patient suitability

for PMV. A mitral valve score derived
from a grading system of leaflet
mobility, thickening, subvalvular
thickening, and calcification has
been developed (Table 1). A score
less than 8 is associated with good
outcome at PMV.6

During percutaneous valvuloplas-
ty, the mitral valve is approached
from the left atrium by crossing the
interatrial septum; thus, the devel-
opment of ASDs is an unavoidable
complication. In patients who have

Table 1
Mitral Valve Characteristics to Determine Suitability 

for Percutaneous Mitral Valvuloplasty

Subvalvular Valvular 
Grade Mobility Thickening Thickening Calcification

Highly mobile 
leaflet with only 
leaflet tips restricted

Leaflet mid and 
base portions have
normal mobility

Valve continues to
move forward in dias-
tole, mainly from base

No or minimal forward
movement of the
leaflets in diastole

Minimal thickening 
just below the 
mitral leaflets

Thickening of chordal
structures extending 
up to one third of the
chordal length

Thickening extends 
to the distal third of 
the chords

Extensive thickening
and shortening of 
all chordal structures
extending down to 
the papillary  muscles

Near normal thickness
(4–5 mm)

Mid-leaflets normal,
considerable thickening
of margins (5–8 mm)

Thickening extends
through the entire
leaflet (5–8 mm)

Considerable thickening
of all leaflet tissue
(>8–10 mm)

A single area of increased
echo brightness 

Scattered area of 
brightness confined 
to leaflet margins

Brightness extending
into the mid-portion 
of the leaflets

Extensive brightness
throughout much of 
the leaflet tissue

1

2

3

4

Data from Wilkins et al.6

In patients who have a congenital, probe-patent foramen ovale, the 
procedures are shorter and the incidence of ASDs lower.
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a congenital, probe-patent foramen
ovale, the procedures are shorter
and the incidence of ASDs lower.7

In most patients the defects are small
and close spontaneously. However,
of the 738 patients enrolled in the
National Heart, Lung, and Blood
Institute Balloon Valvuloplasty reg-
istry, hemodynamically significant
ASDs (Qp/Qs > 1.5) occurred in 2%
of patients treated with the single-
balloon and 12% of those treated
with the double-balloon technique.8

The ASD in patients with mitral
stenosis is of greater hemodynamic
significance than a similar-sized
defect in a patient with a congenital
lesion, because the left atrial pres-
sure is much higher. In this case, for
example, the left-to-right shunt
flow was roughly 5 L/min because
of the high pressure gradient and
flow velocity between the two atria.
In contrast, a defect of similar size
with normal pressures would typi-
cally result in a shunt with less than
half the volume. In addition, when
restenosis occurs following PMV, the
hemodynamic effect of the defect
will increase as left atrial pressure
increases. Although the effect of the

defect on left atrial pressure should
be positive, in that it unloads the
atrium and increases effective com-
pliance, the volume load must be
borne by the right heart and in this
case was presumably primarily
responsible for the right ventricular
failure (given that there was no sig-
nificant pulmonary hypertension). 

In conclusion, PMV is the proce-
dure of choice for treatment of
mitral stenosis or restenosis with
suitable valve morphology, because
its long- and short-term benefits are
similar to those of open commis-
surotomy. However, in some cases
the complications of the procedure
itself, such as the creation of ASDs,
preclude a repeat procedure, as illus-
trated in this case review. In the pres-
ence of elevated left-sided pressures,
an ASD is of greater hemodynamic
significance, because it promotes
left-to-right shunting. Thus, even an
anatomically small defect may require
closure to prevent further right-heart
dilation and decreased function.
The use of percutaneous ASD closure
devices in this situation has been
described,9 but it would prevent
later passage of catheters across the

interatrial septum for repeat PMV
and thus limit future therapeutic
options for mitral stenosis.       
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Main Points
• Percutaneous mitral valvuloplasty is the procedure of choice in patients with symptomatic mitral stenosis and suitable

valve morphology.

• The benefits of PMV are similar to those of open commissurotomy.

• PMV is an easier procedure than surgery, makes thoracotomy unnecessary, and requires a shorter hospital stay.

• Evidence of left atrial thrombus and significant mitral regurgitation are contraindications for PMV.

• PMV creates an atrial septal defect, which in the presence of mitral stenosis has greater hemodynamic effects than with
normal pressure and may require valve replacement and defect repair.


