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Abstract 
Balloon valvuloplasty has become the treatment of choice in pulmonary valvular stenosis. 

The objective of this report is to review the experience of this procedure in children at the Depart­
ment of Pediatrics, Ramathibodi Hospital in the past 4 years (1991 - 1994) with at least one year 
follow-up. 

During the study period, 19 children aged 2.1- 14.3 years (mean 5.11 years) with the diag­
nosis of pulmonary valvular stenosis had successful pulmonary balloon valvuloplasty at this 
institution. The immediate peak systolic pressure gradient across the pulmonary valve by cardiac 
catheterization decreased from 92.05 ± 46.92 to 34.26 ± 25.30 mmHg, by Doppler from 78.58 ± 
26.55 to 34.83 ± 15.60 mmHg. Peak pressure gradient across the pulmonary valve by Doppler of 
the last examinations, one to 4 years after the procedure (mean 1.9 years), was 23.05 ± 9.40 
mmHg in 17 patients. The mean ratio of balloon size and pulmonary valve ring was 1.06. One 
patient still has a residual gradient of 54 mmHg and two were lost to follow-up. No serious com­
plication was encountered during the procedures. 

Conclusion: Balloon pulmonary valvuloplasty is effective in the management of children 
with valvular pulmonary stenosis. The intermediate term result is excellent. 

Valvular pulmonary stenosis constitutes 
7.5-12.0 per cent of all congenital heart defects( 1). 
Children with pulmonary valvular stenosis usually 
present themselves with asymptomatic murmurs, 
although they can also show signs of systemic 
venous congestion (right heart failure) due to severe 
right ventricular dysfunction or cyanosis because 
of right to left shunt across the atrial septum. 

When the pulmonary valve obstruction is 
moderate to severe, relief of obstruction is recom­
mended to relieve the symptoms or to prevent 
right ventricular pressure load causing fibrosis or 
dysfunction. In the past, surgical valvulotomy was 
the only treatment available. 

The first catheter attempt to relieve the 
gradient was described by Semb(2) in 1979, using 
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a carbon dioxide filled balloon in a retrograde 
manner across the pulmonary valve. This dynamic 
method was effective in relieving the gradient 
across the pulmonary valve. However, it did not 
gain wide acceptance because there was a high 
incidence of pulmonary valve leaflet avulsion. A 
static balloon dilatation was developed(3). During 
the ensuing years, there were many reports of suc­
cessful balloon pulmonary valvuloplasty( 4-9). Since 
then it has become the treatment of choice for pul­
monary valve stenosis. 

The purpose of this study is to evaluate 
the intermediate-term (at least one year follow-up) 
results of balloon pulmonary valvuloplasty by non­
invasive method using Doppler echocardiography 
at the Department of Pediatrics, Ramathibodi Hos­
pital. 

PATIENTS AND METHOD 
From 1991 to 1994, nineteen children 

underwent successful balloon pulmonary valvulo­
plasty in this institution. There were 10 males and 
9 females, age ranging from 2.1 to 14.3 years, with 
mean age of 5.11 ± 3.25 years, and a weight rang­
ing from 13 to 36 kg (mean 17.83 ± 6.33 kg). All 
patients had typical pulmonary valve stenosis, with 
domed stenotic pulmonary valve evident on echo­
cardiography and cineangiogram performed before 
balloon pulmonary valvuloplasty. There was no 
pulmonary valve dysplasia, being defined as thick, 
immobile valve leaflets with the absence of post­
stenotic pulmonary artery dilatation. No patient met 
criteria for the diagnosis of Noonan syndrome. 

Intervention 
Balloon pulmonary valvuloplasty was per­

formed as previously reported by using a single 
balloon static dilatation(3). Informed consents were 
obtained for all patients. After initial hemodynamic 
assessment, right ventricular angiography was per­
formed, and the maximum internal diameter of the 
pulmonary valve from hinge point to hinge point 
during systole was measured from the lateral pro­
jection cineangiogram and corrected for magnifica­
tion. This will hereafter be called pulmonary valve 
ring diameter. The mean pulmonary valve ring dia­
meter was 15.84 ± 6.69 mm, with a range of 12 to 
30 mm. Single dilatation balloons ranging from 15 
to 23 mm in diameter were selected basing on the 
measured pulmonary valve ring diameter. Mean 
balloon to valve diameter ratio is 1.06 ± 0.19 with 

a range of 0.66 to 1.35. The balloon was posi­
tioned straddling the pulmonary valve orifice and 
rapidly inflated by hand with diluted contrast mate­
rial about 3 times to peak pressure corresponding 
with maximum disappearance of "waisting" of the 
balloon, as seen on fluoroscopy. Hemodynamic 
assessments were repeated after valve dilatation. 

Doppler echocardiography were done 
before and shortly after balloon pulmonary valvulo­
plasty. Doppler estimation of gradients were calcu­
lated by the application of the modified Bernoulli 
equation at maximum continuous-wave Doppler 
systolic peak flow velocities across the right ven­
tricular outflow tract and main pulmonary artery 
obtained from multiple transducer positions. 

The patients were then followed at 6 
month intervals by using Doppler echocardio­
graphy. There were 2 patients lost in the follow-up. 
Mean follow-up was 1.9 years (range 1-4 years). 

The pressure gradient was expressed as a 
mean value ± standard deviation. A paired t test 
was used to test statistical significance, which was 
assured at the 5 per cent level (p < 0.05). In addi­
tion, a right ventricle to pulmonary artery peak 
systolic pressure gradient of less than 36 mmHg 
was used as a cut point to define success at both 
initial balloon pulmonary valvuloplasty and follow­
up for each individual patient(9, 1 0). This cut point 
value was chosen because it corresponded to a 
continuous wave Doppler peak velocity of 3 m/sec. 

RESULT 
The pressure gradients across the pulmo­

nary valve by echocardiography and cardiac cathe­
terization before intervention were not significantly 
different (78. 58 ± 26.55 vs 92.05 ± 46.92 mmHg, 
p = 0.125). Immediately after initial balloon pul­
monary valvuloplasty, right ventricular peak sys­
tolic pressures by cardiac catheterization were sig­
nificantly decreased from 112.16 ± 4 7.11 to 56.16 ± 
25.14 mmHg (p < 0.001). The peak systolic pressure 
gradients across the pulmonary valve decreased 
from 92.05 ± 46.92 to 34.26 ± 25.30 mmHg (p < 
0.00 1) by cardiac catheterization comparing to 
78.58 ± 26.55 to 34.83 ± 15.60 mmHg (p < 0.001) 
by Doppler. There was no significant difference 
between pressure gradient after procedure by means 
of cardiac catheterization and echocardiography 
(34.26 ± 25.30 vs 34.83 ± 15.60 mmHg, p = 0.9 ). 
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Table 1. Cardiac catheterization data of patients, pre (Pre BPV) and post (Post BPV) balloon pulmonary 
valvuloplasty. 

Characteristics Pre BPV Post BPV p value 
(mrnHg) (mmHg) 

Right ventricular systolic pressure 112.16±47.11 56.15 ±25.14 <0.001 
Pulmonary artery systolic pressure 19.89±4.89 21.11 ± 7.77 NS 
Pressure gradient across the pulmonary valve 92.05 ± 46.92 34.26 ± 25.30 <0.001 

Pressure Gradient across Pulm. Valve 
(mmHg) 
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50 

0 

Pre BPV Post BPV l year Follow Up 

BPV =Balloon Pulmonary Valvuloplasty 

Fig. 1. Pressure gradient across pulmonary valve by Doppler before balloon pulmonary valvuloplasty (Pre 
BPV), immediate after (Post BPV) and follow-up at least one year (FU). Thick lines represent indi· 
vidual pressure gradients, dot line represents mean pressure gradient. 

The pulmonary valve ring diameters mea­
sured by 2 D echocardiogram and cineangiogram 
were not statistical different (15.42 ± 2.43 vs 15.84 
± 6.69 mm, p = 0.8). 

Seventeen patients (89%) were followed 
at a mean interval of 1.9 years (ranged 1-4 years) 
after the initial balloon pulmonary valvuloplasty. 
The pressure gradients by Doppler echocardio­
graphy were further decreased from 34.83 ± 15.06 
to 23.05 ± 9.46 mmHg (p < 0.001). 

There were 7 patients who had immediate 
residual pressure gradients of ~ 36 mmHg (36.8%) 
(Fig. 1 ). After the procedures, at one year follow-

up there was only one patient who still had a resi­
dual gradient of ~ 36 mmHg, and two patients 
were lost in the follow-up. 

There was no serious complication during 
the procedures. 

DISCUSSION 
Since successful balloon pulmonary valvu­

loplasty was described in 1982(3), several reports 
have indicated that balloon pulmonary valvulo­
plasty is effective in reducing the degree of right 
ventricular outflow tract obstruction( 4-1 0). The 
intermediate-term outcome after balloon pulmo-
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nary valvuloplasty was comparable to a matched 

surgical control group( II). 

When using a pressure gradient of less 

than 36 mmHg across the pulmonary valve as a cri­

terion for successful procedure. The immediate suc­

cess rate of 63.I per cent of this study is also com­
parable to those of previous reports( 4-10). Data 

from the large VACA Registry study(5,8) suggested 

that the majority of these significant residual gra­

dients are at the infundibular level. The more 

severe the obstruction before balloon pulmonary 

valvuloplasty, the higher the infundibular gradient 
immediately after balloon pulmonary valvuloplasty 
was observed. Regression of infundibular hyper­
trophy has been associated with resolution of resi­
dual gradient in several patients(I2). In this study, 
4 patients with significant immediate residual gra-

dients had a further decrease in their pressure gra­
dients at one year follow-up of less than 36 mmHg. 

SUMMARY 
The intermediate-term result assessed with 

Doppler echocardiography was good in 16 of our 
total I9 patients who had isolated valvular pulmo­
nary stenosis with successful balloon valvuloplasty. 
The mean balloon to valve diameter ratio was 1.06. 
There was no serious complication during the pro­
cedure. We conclude that balloon pulmonary valvu­
loplasty is an effective method of relief of obstruc­
tion caused by pulmonary valve stenosis. 
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