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Abstract

Background: The purpose of our study was to prove the hypothesis that balloon pulmonary valvuloplasty could effectively reduce
valvular gradient ranged 30 to 50 mmHg to less than 30 mmHg in long-term follow-up.
Methods: This cross-sectional study was performed on 271 consecutive patients aged 12 to 67 years who suffered from severe pul-
monary stenosis who were scheduled for balloon pulmonary valvuloplasty at Shahid Rajaie Heart Center in Tehran between 2003
and 2013. Two years after the procedure, the patients were examined by transthoracic echocardiography and parameters related
to pulmonary valve and right ventricular condition were reassessed. Among all 271 patients who were initially included into the
survey, 37 patients (13.7%) had pulmonary valve gradient 30 to 50 mmHg that included our final targeted population for assessment.
Results: Valvular gradient significantly dropped down from 93.19± 39.77 mmHg to 38.78± 26.26 (P < 0.001). Among all 271 patients
initially assessed, in two patients with valvular gradient less than 30 mmHg, the gradient remained unchanged long-term after
procedure. In 37 patients with gradient ranged 30 to 50 mmHg before procedure, the gradient reduced to less than 30 mmHg in 32
patients with an overall rate of 86.5%, but remained in the same range in 4 patients and even increased to higher than 50 mmHg
in 2 patients. There was a strong positive relationship between the change in valvular gradient and initial right ventricular systolic
pressure (beta = 0.519, P < 0.001).
Conclusions: Majority of patients with moderate pulmonic stenosis with gradient of 30 to 50 mmHg benefit from this procedure
to achieve gradient less than 30 mmHg in long-term follow-up.
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1. Background

Pulmonary valve stenosis is an abnormal struc-
tural condition manifested by subvalvular, valvular, or
supravalvular obstructive lesion leading obstruction to
the right ventricular outflow tract to the pulmonary arter-
ies (1). This abnormality is characterized by the failure of
the valvular leaflets to fuse or less commonly by dysplastic
thickening of the valves that is rarely revealed as a rare
abnormality or in association with clinical conditions
such as Leopard syndrome or Noonan syndrome (2, 3).
In mild stages, pulmonary valve stenosis has a good
prognosis, however in moderate or severe conditions;
stenosis may have a progressing nature requiring further
therapeutic and repairing interventions in more than
half of the patients because of the increased likelihood of
life-threatening atrial or ventricular arrhythmic events (4,
5). In severe pulmonic valve stenosis, such interventions
such as balloon or surgical valvulotomy or valvuloplasty
have led to excellent outcome (6-8). These interventional
approaches can be indicated in cases with exertional

dyspnea, angina, syncope, or presyncope or those asymp-
tomatic patients with normal cardiac output, but with
transvalvular peak systolic pressure gradient equal to or
higher than 30 mmHg (6). In some reports, balloon pul-
monary valvuloplasty has been introduced as a selective
and the surgery of choice for patients of all ages with
moderate to severe pulmonary valve stenosis. During
the 1980s and 90s, despite advancing this procedure for
selective optional treatment for pulmonary valve stenosis,
the usefulness of this technique had not been as well
understood (9). Even in recent years, long-term outcome
of this procedure remained uncertain. As a new ambiguity,
it is unclear whether balloon pulmonary valvuloplasty
can effectively reduce pulmonary valvular gradient in
those patients with mild to moderate stenosis (10, 11). In
the present study, our goal was to prove the hypothesis
that balloon pulmonary valvuloplasty could effectively
reduce valvular gradient ranged 30 to 50 mmHg to less
than 30 mmHg in long-term follow-up of patients who
underwent this procedure because of severe pulmonary
valve stenosis.
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2. Methods

In this cross-sectional study, 271 consecutive patients
were selected whom their age were between 12 to 67 years
and suffered from severe pulmonary stenosis. In addition
they were scheduled for balloon pulmonary valvuloplasty
at Shahid Rajaie Heart Center in Tehran between 2003 and
2013. All baseline variables including demographic char-
acteristics, echocardiographic parameters of pulmonary
valve (insufficiency condition, pulmonary valve annulus,
pulmonary valve gradient, pulmonary artery pressure)
and right ventricular parameters (right ventricular sys-
tolic and diastolic pressures, and right ventricular end-
diastolic diameter) were retrospectively collected by re-
viewing hospital recorded files. All measurements were
done on admission and before repairing procedure. Two
years after the procedure, the patients were examined by
transthoracic echocardiography and parameters related
to pulmonary valve and right ventricular condition were
reassessed. Of all 271 patients who were initially included
into the survey, 37 patients (13.7%) had pulmonary valve gra-
dient 30 to 50 mmHg who were included in our final tar-
geted population for assessment. The study endpoint was
thus assessed this point that balloon pulmonary valvulo-
plasty can successfully decrease pulmonary valve gradient
to less than 30 mmHg in most patients in the population
with initial valvular gradient ranged 30 to 50 mmHg, 2
years after primary assessment.

Results were demonstrated as mean ± standard de-
viation (SD) for quantitative variables and were summa-
rized by absolute frequencies and percentages for categor-
ical variables. Normality of data was analyzed using the
Kolmogorov-Smirnoff test. Categorical variables were as-
sessed using Chi-square test or Fisher’s exact test when
more than 20% of cells with expected count of less than 5
were observed. Quantitative variables were also compared
with t test or Mann U test. The cardiovascular parameters
two years after initial evaluation compared to the baseline
assessment were tested by paired t test or Wilcoxon test.
For the statistical analysis, the statistical software SPSS ver-
sion 16.0 for windows (SPSS Inc. Released 2007. SPSS for
Windows, Version 16.0. Chicago, SPSS Inc.) was used. P val-
ues of 0.05 or less were considered statistically significant.

3. Results

In total, 271 patients (135 men and 136 women, mean age
26.62 ± 12.34 years) were assessed. The mean balloon size
used for BPV was 21.25 ± 4.56 cm. The time of procedure
was also estimated to be 6.31± 4.08. The mean diameter of
pulmonary valve annulus was 22.92 ± 6.73. Regarding the
severity of pulmonary insufficiency before surgery, 22.1%

had no valvular insufficiency (with pure severe pulmonary
stenosis), while trivial insufficiency was found in 4.8%, mild
in 49.8%, mild to moderate in 13.3%, moderate in 8.9%, mod-
erate to severe in 0.8% and severe in 0.4% of subjects. As-
sessing cardiovascular parameters after procedure and be-
fore that (Table 1) showed significant improvement of right
ventricular systolic pressure (P < 0.001), and right ventric-
ular end-diastolic pressure (P < 0.001), while the change in
some other indices including pulmonary artery pressure
or severity of pulmonary insufficiency remained insignifi-
cant.

Regarding the change in valvular gradient, this param-
eter significantly reduced from 93.19 ± 39.77 mmHg to
38.78 ± 26.26 (P < 0.001). Among all 271 patients initially
assessed, in two patients with valvular gradient less than
30 mmHg, the gradient remained unchanged long-term af-
ter procedure. In 37 patients with gradient ranged 30 to 50
mmHg before procedure, the gradient reduced to less than
30 mmHg in 32 patients with an overall rate of 86.5%, but re-
mained in the same range in 4 patients and even increased
to higher than 50 mmHg in 2 patients. In this regard, of
231 patients with initial valvular gradient higher than 50
mmHg, valvular gradient reduced to less than 30 mmHg
in 89 patients with the rate of 35.5%, reached the range 30
to 50 mmHg in 86 with the rate of 37.2% and remained un-
changed in other patients.

As revealed by the multivariate linear regression mod-
eling (Table 2), the change in pulmonary valvular gradient
was independent to baseline parameters including gen-
der, age, balloon size or time of procedure, but there was
a strong positive association between the change in valvu-
lar gradient and initial right ventricular systolic pressure
(beta = 0.519, P < 0.001) (Figure 1).
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Figure 1. The Linear Association Between the Change in Valvular Gradient and Right
Ventricular Systolic Pressure
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Table 1. The Change in Cardiovascular Parameters After BVP Compared to Before

Parameter Before BPV After BPV P Value

RV systolic pressure, mmHg 114.38 ± 41.28 57.28 ± 25.85 < 0.001

RV end-diastolic diameter, mm 3.68 ± 0.59 3.28 ± 0.42 < 0.001

Pulmonary artery pressure, mmHg 21.68 ± 6.58 21.10 ± 5.71 0.112

Pulmonary valve gradient 93.19 ± 39.77 38.78 ± 26.26 < 0.001

Pulmonary insufficiency

No 60 (22.1) 53 (19.6)

Trivial 13 (4.8) 10 (3.7)

Mild 135 (49.8) 129 (47.6) 0.889

Mild to moderate 36 (13.3) 42 (15.5)

Moderate 24 (8.9) 32 (11.8)

Moderate to severe 2 (0.8) 3 (1.1)

Severe 1 (0.4) 1 (0.4)

Table 2. Multivariate Linear Regression Analysis for Assessing the Change in Pulmonary Valvular Gradient Adjusted for Baseline Variablesa

Variables Unstandardized Coefficients Standardized Coefficients t P Value

B Std. Error Beta

Constant -9.512 40.010 -0.238 0.813

Age 0.201 0.206 0.093 0.978 0.331

Gender -4.174 5.478 -0.070 -0.762 0.448

Balloon size 0.547 1.128 0.046 0.485 0.629

DOE-before -1.159 3.792 -0.028 -0.306 0.761

RVSP 0.393 0.078 0.519 5.057 < 0.001

PAP -0.141 0.347 -0.040 -0.406 0.686

RVEDD 5.048 5.807 0.088 0.869 0.387

Time procedure -1.181 0.452 -0.244 -2.614 0.011

aR square = 0.369.

4. Discussion

One of the main advantages of valvuloplasty is to sig-
nificantly reduce transvalvular gradient, however whether
valvular gradient ranged 30 to 50 mmHg can adequately be
reduced long term after this procedure remains uncertain.
The present study could successfully show considerable
reduction of pulmonic valvular gradient ranged 30 to 50
mmHg to less than 30 mmHg in about 86% of patients after
two years of initial assessment. In other words, this study
obviously shows that pulmonary valvuloplasty led to effec-
tive long-term gradient reduction both in patients with ini-
tial invasive gradients over and under 50 mmHg. In fact,
even in those with mild to moderate valvular stenosis with
a mild increase in gradient, decreasing gradient can even

be predicted in long-term follow-up. This fact could be
found in both children and adults. As clearly shown by Wit-
senburg et al. (12), the continuous wave Doppler gradient
dropped down from 61 mmHg to 26 mmHg, but remained
unchanged both at early follow-up after 6 months, and 2
years after initial evaluation. In another study by Cher-
agh et al. (10), pre-peak pulmonic valve gradient decreased
from 100.9 mmHg to 31.38 mmHg at once after balloon
pulmonic valvuloplasty that also reduced significantly at
18 months after that dropped down to 12.65 mmHg at 12
months and to 18.88 mmHg 18 months later. Reviewing
the literature shows a success rate of 37% to 100% in reduc-
ing valvular gradient after the procedure (13-15) and our
findings are comparable to those reported internationally,
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but as shown primarily by our observation, for a major-
ity of patients with moderate valvular gradient, this gradi-
ent can be reduced to normal range. It has been suggested
that patients with moderate pulmonic stenosis and a gra-
dient of 50 to 100 mm Hg who possess symptoms of exer-
cise intolerance will probably benefit from balloon valvu-
loplasty. Patients with severe pulmonic stenosis, defined as
a gradient greater than 100 mm Hg, may benefit from bal-
loon valvuloplasty even without symptoms, because of the
significant afterload that the obstructive pulmonary valve
places on the right ventricle, but in those with mild valvu-
lar gradient (ranged 30 to 50 mmHg), this gradient can be
effectively decreased by this procedure. In total, moderate
pulmonic stenosis identified by a peak Doppler gradient of
36 to 64 mmHg or peak Doppler gradient of 30 to 50 mmHg
can successfully be repaired by the procedure to achieve
peak gradient less than 30 mmHg.

In conclusion, balloon pulmonary valvuloplasty can ef-
fectively reduce valvular gradient in most patients with
pulmonary valve stenosis even in moderate stenotic con-
dition. In other words, a majority of patients with mod-
erate pulmonic stenosis with gradient of 30 to 50 mmHg
benefit from this procedure to achieve gradient less than
30 mmHg in long-term follow-up. Nevertheless, residual
high valvular gradient can be found in a small number of
patients that should be causally assessed.
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