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A B S T R A C T

Introduction and objectives: Percutaneous pulmonary valvuloplasty is the preferred interventional

procedure for pulmonary valve stenosis. The aim of this study was to evaluate the effectiveness of this

technique, assess the factors leading to its success, and determine the long-term results in the pediatric

population.

Methods: The study included 53 patients with pulmonary valve stenosis undergoing percutaneous

balloon valvuloplasty between December 1985 and December 2000. Right ventricular size and

functional echocardiographic parameters, such as pulmonary regurgitation and residual transvalvular

gradient, were assessed during long-term follow-up.

Results: Peak-to-peak transvalvular gradient decreased from 74 mmHg [interquartile range,

65-100 mmHg] to 20 mmHg [interquartile range, 14-34 mmHg]. The procedure was unsuccessful in

2 patients (3.77%). The immediate success rate was 73.58%. Follow-up ranged from 10 years to 24 years

(median, 15 years). During follow-up, all patients developed late pulmonary regurgitation which was

assessed as grade II in 58.4% and grade III in 31.2%. There was only 1 case of long-term restenosis (2.1%).

Severe right ventricular dilatation was observed in 27.1% of the patients. None of the patients developed

significant right ventricular dysfunction. Pulmonary valve replacement was not required in any of the

patients.

Conclusions: Percutaneous balloon valvuloplasty is an effective technique in the treatment of pulmonary

valve stenosis with good long-term results.

� 2013 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L. All rights reserved.
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R E S U M E N

Introducción y objetivos: La valvuloplastia pulmonar percutánea se ha convertido en el tratamiento de

elección en los casos de estenosis valvular pulmonar. El objetivo de este estudio es evaluar la efectividad,

determinar los factores predictores de éxito y analizar los resultados a largo plazo en población

pediátrica.

Métodos: El estudio comprende a 53 pacientes con estenosis valvular pulmonar sometidos a

valvuloplastia percutánea en el periodo entre diciembre de 1985 y diciembre de 2000. En el control

realizado a largo plazo, se analizaron parámetros ecocardiográficos de tamaño y función de ventrı́culo

derecho, presencia de insuficiencia pulmonar y el gradiente transvalvular pulmonar residual.

Resultados: El gradiente transvalvular pulmonar disminuyó de 74 [intervalo intercuartı́lico, 65-100] a 20

[intervalo intercuartı́lico, 14-34] mmHg. El procedimiento fue fallido en 2 pacientes (3,77%). La tasa de

éxito inmediato se situó en el 73,58%. El tiempo de seguimiento mostró una mediana de 15 [intervalo

intercuartı́lico, 10-24] años. Todos los pacientes en el seguimiento mostraban algún grado de

insuficiencia pulmonar, en el 58,4% de los casos de grado II y en el 31,2%, de grado III. Hubo un único caso

de reestenosis a largo plazo (2,1%), y tenı́an dilatación ventricular derecha grave el 27,1% de los pacientes.

Según los parámetros estudiados, no hubo casos de disfunción ventricular derecha significativa. No fue

preciso el recambio valvular pulmonar en ninguno de los casos.

Conclusiones: La valvuloplastia transluminal percutánea con catéter balón es una técnica efectiva en el

tratamiento de la estenosis valvular pulmonar, con buenos resultados a largo plazo.

� 2013 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L. Todos los derechos reservados.

* Corresponding author: Monte Carmelo 32 3.oA, 41011 Seville, Spain.

E-mail address: raquel_merino_ingelmo@yahoo.es (R. Merino-Ingelmo).
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INTRODUCTION

Since 1982, when Khan et al1 performed the first successful

percutaneous balloon pulmonary valvuloplasty, this technique has

become the treatment of choice vs surgical valvotomy in patients

with pulmonary valve stenosis, regardless of the patient’s age and

valve morphology.2

Many studies have reported good immediate and short-term

results of this percutaneous technique,3–10 but few studies in the

pediatric population have demonstrated its long-term effective-

ness and analyzed the impact of residual pulmonary regurgitation

on the size and function of the right ventricle (RV).11–13

The aim of this study was to determine the effectiveness and

long-term results of percutaneous transluminal valvuloplasty in

the treatment of congenital pulmonary valve stenosis and to

determine the incidence of pulmonary regurgitation as a

complication of the technique and its impact on RV function

and size during follow-up.

METHODS

Study Population

This study included 53 patients diagnosed with pulmonary valve

stenosis who underwent percutaneous balloon pulmonary valvu-

loplasty between December 1985 and December 2000 in a single

tertiary care center.

Exclusion criteria were the presence of pulmonary stenosis at

other levels or other severe associated heart disease. The exclusion

criteria did not include patent foramen ovale, ductus arteriosus, or

atrial or ventricular septal defects without hemodynamic compro-

mise.

The criterion for indicating percutaneous valvuloplasty was a

peak pressure gradient � 50 mmHg across the pulmonary valve

with normal cardiac function and right ventricular/left ventricular

pressure ratio > 0.8.3,14

The patients were divided into 2 groups based on their age

when they underwent valvuloplasty: � 3 months (n = 9) and

> 3 months (n = 44).

In total, 48 of the 53 patients were reassessed. The remaining

5 patients were lost to follow-up because they could not be

contacted. One of the patients belonged to the group of infants aged

� 3 months and the remaining 4 patients to the group > 3 months.

No significant differences were found between the 2 groups in terms

of demographic characteristics and functional status.

Study Method

Procedural Data

In line with previous reports,4,8 immediate success was defined

as a pulmonary gradient < 36 mmHg following the procedure.

However, the effectiveness of the procedure was defined by

immediate success and by a subsequent decrease in transvalvular

gradient to < 36 mmHg.8

Restenosis was defined as an increase in pressure gradient

increasing to � 36 mmHg after a successful procedure.8

Parameters Measured

We reviewed the patients’ medical records and collected the

following procedural data: age, weight, and body surface area at

the time of valvuloplasty; clinical presentation; valve morphology

(domed; dysplastic, understood as a valve with thickened leaflets

without commissural fusion and hypoplastic pulmonary annulus;

complex or postoperative); pre- and postvalvuloplasty hemody-

namic data (pulmonary transvalvular gradient, RV pressure, and

right ventricular/left ventricular pressure ratio.

The following information on follow-up was obtained by

reviewing the medical records: postprocedural course of the

transvalvular gradient at 1 month and 1 year and the patients’

clinical status (intermediate follow-up); need for reintervention,

defined as percutaneous redilatation or surgical reintervention

during follow-up.

Subsequently, the patients’ clinical and echocardiographic

status was reassessed and the following parameters determined:

New York Heart Association functional class; clinical signs of

systemic venous congestion; pulmonary transvalvular gradient;

pulmonary regurgitation assessed by the ratio between the

regurgitant jet and pulmonary annulus diameters, establishing 4

grades (grade I, ratio � 10%; grade II, 11% to 25% grade III, 26% to

50% and grade IV > 50%)15; RV size (baseline and mean diameters),

with subsequent classification of ventricular dilatation as mild,

moderate, or severe according to the reference values established

by the American Heart Association (based on the study by Foale

et al16), and taking into account the values indexed by body surface

area; RV systolic function (RV fractional shortening and tricuspid

annular plane systolic excursion), with classification of ventricular

dysfunction as mild, moderate, or severe.17

Finally, the length of follow-up was analyzed, defined as the

time from valvuloplasty until final echocardiographic follow-up.

Main aim:

� To determine the long-term course of the pulmonary transvalv-

ular gradient after percutaneous transluminal balloon valvulo-

plasty in the treatment of congenital pulmonary valve stenosis.

Secondary aims:

� To determine predictors of success, as part of the evaluation of

the effectiveness of the percutaneous procedure.

� To determine the incidence of pulmonary regurgitation as a

complication of valvuloplasty and its long-term effect on RV

function and size.

� To assess the long-term clinical course of patients with

pulmonary valve stenosis who underwent percutaneous treat-

ment.

Statistical Analysis

Descriptive statistics were computed for the study variables

using absolute and relative frequencies for qualitative variables,

median [interquartile range] frequencies for quantitative variables

without normal distribution, or mean (standard deviation)

frequencies for those with normal distribution. Subsequently,

the study groups were compared using the chi-squared or Fisher’s

exact test for qualitative variables and the Student t or Mann-

Whitney U test for quantitative variables.

Predictors of successful percutaneous valvuloplasty were

determined using bivariate logistic regression analysis and odds

ratios and 95% confidence intervals were obtained. Similarly, a

multivariate analysis was performed that included the risk factors

that did not exceed a cutoff for statistical significance of P = .1.

Abbreviations

RV: right ventricle
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A P-value of <.05 was used as the cutoff for statistical

significance. Statistical analyses were performed using the IBM

Statistical Package for Social Sciences version 19.0.

RESULTS

Procedure

Table 1 shows the demographic and clinical characteristics of

the total sample and hemodynamic data before and after

valvuloplasty.

In total, 51 of the 53 patients underwent the procedure. Two

patients (3.77%) died due to inability to cross the stenotic valve

with the guidewire; both patients were in the group aged � 3

months with dysplastic valves.

In the overall sample, the immediate success rate was 73.58%

(39 of 53), the pulmonary transvalvular gradient decreased from

74 mmHg [65-100 mmHg] to 20 mmHg [14-34 mmHg], and the

right ventricular/left ventricular pressure ratio decreased from

0.95 [0.79-1.25] to 0.48 [0.37-0.56]. In patients with dysplastic

valves, the immediate success rate decreased to 25% (2 of 8); in the

group aged � 3 months, this rate decreased to 55.55% (5 of 9).

Of the 14 patients in whom the procedure was not immediately

successful (postvalvuloplasty gradient > 36 mmHg), and disre-

garding the 2 patients who died, only 4 patients maintained

this gradient 1 year postprocedure. In the remaining 8 patients, the

gradient progressively decreased during follow-up; thus,

the procedure was effective in 88.68% of patients (47 of 53).

When analyzing potential predictors of success, we found that

dysplastic valve morphology and stenosis severity were statisti-

cally significant risk factors (odds ratio = 15.86; 95% confidence

interval, 2.64-95.23; P = .003 and odds ratio = 1.04 [by mmHg];

95% confidence interval, 1.01-1.08; P = .009, respectively). Being

� 3 months of age was also a risk factor, although without reaching

statistical significance (P = .15).

Multivariate analysis was performed, including the factors that

did not exceed a cutoff for significance of P = .1. Dysplastic valve

morphology and stenosis severity maintained their predictive

power and thus can be considered independent risk factors when

performing successful percutaneous balloon valvuloplasty (odds

ratio = 21.51; 95% confidence interval, 2.88-160.42; P = .003 and

odds ratio = 1.05; 95% confidence interval, 1.01-1.09; P = .001,

respectively).

Follow-up

The clinical and echocardiographic data at intermediate (n = 53)

and long-term (n = 48) follow-up are shown in Table 2.

No patient required redilatation via the percutaneous route

during follow-up. Six patients underwent surgical treatment;

the surgery was performed immediately due to failure of the

percutaneous procedure in 2 patients and was delayed in the

remaining 4 patients. Of the 6 patients, 3 were in the group aged

� 3 months and 5 had dysplastic valves.

The median length of follow-up was 15 years [13-19 years],

with a minimum of 10 years and a maximum of 24 years.

In the final examination, 25% of the patients were in New York

Heart Association II and 75% in New York Heart Association I; thus,

none had marked limitation of physical activity. Similarly, no

patient had signs of systemic venous congestion such as

hepatomegaly, ascites, or peripheral edema.

The median residual gradient was 12 mmHg [10-18 mmHg],

reaching a maximum of 39 mmHg in 1 patient; this was the only

case of long-term restenosis (2.1%). This patient had domed valve

morphology and a postvalvuloplasty transvalvular gradient of

30 mmHg.

When we analyzed pulmonary regurgitation as the main long-

term complication of percutaneous balloon pulmonary valvulo-

plasty, we found that most patients did not have pulmonary

regurgitation before the procedure; however, in the final

examination, none of the patients was free of this complication;

28 patients had grade II (58.4%), 15 had grade III (31.2%), and 5

patients had grade IV (10.4%) pulmonary regurgitation and

underwent surgical intervention. The 5 latter patients were among

the 6 who underwent surgery; of these 6, 1 was lost to follow-up

(Figure).

Table 1

Demographic, Clinical, and Hemodynamic Data Before Valvuloplasty

Age � 3 months Age > 3 months P

Patients, no. 9 44

Age, days 21 [8-53] 1273 [680-2403] < .05

Weight, kg 4.06 [3.30-4.50] 14.65 [11.95-19.5] < .05

BSA, m2 0.0592 [0.0490-0.0680] 0.381 [0.302-0.541] < .05

Clinical presentation

Asymptomatic 4 (44.44) 43 (97.7) < .001

Severe 5 (55.6) 1 (2.3)

Valve morphology

Domed 5 (55.6) 39 (88.6) .023

Dysplastic 4 (44.4) 4 (9.1)

Complex 1 (2.3)

Hemodynamic data

Preprocedural transvalvular gradient, mmHg 94 [88-114] 72.50 [61.50-98.75] .065

RV systolic pressure, mmHg 120 [93-140] 90 [85-120] .05

RVP/LVP ratio 1.36 [1.19-1.82] 0.91 [0.71-1.18] < .05

Postprocedural transvalvular gradient, mmHg 25 [13-54] 20.00 [14.00-32.25] .043

RV systolic pressure, mmHg 57.5 [43.5-95.0] 47.00 [36.25-58.25] .075

RVP/LVP ratio 0.61 [0.51-1.00] 0.43 [0.36-0.55] .08

BSA, body surface area; RVP/LVP, right and left ventricular pressure ratio; RV, right ventricle.

Data are expressed as no. (%) or median [interquartile range].
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Regarding RV size, 27.1% of patients had mild dilatation, 31.3%

had moderate dilatation, and 27.1% had severe dilatation

compared with the baseline RV diameter indexed by body surface

area. In contrast, 41.7% had mild dilatation, 14.6% had moderate

dilatation, and 8.3% had severe dilatation compared with the mean

RV diameter indexed by body surface area.

Analysis of RV function according to RV fractional shortening

showed that 41 patients (85.4%) had normal ventricular function,

6 (12.5%) had mild dysfunction, 1 (2.1%) had moderate dysfunc-

tion, and none had severe dysfunction. A total of 25% of the

patients had tricuspid annular plane systolic excursion values < 2

standard deviations from the normal value and therefore had mild

ventricular dysfunction. The only patient with moderate ventric-

ular dysfunction according to RV fractional shortening was in New

York Heart Association II, with only mild limitation of physical

activity and no signs of systemic venous congestion.

Finally, it should be emphasized 90.57% of the patients were

free from reoperation at 1 year post-procedure and 87.50% at

10 years postprocedure.

DISCUSSION

Main Findings

The results of this study indicate that percutaneous translum-

inal balloon valvuloplasty is effective in the short- and long-term,

as shown by the immediate success rate of 73.58% and the

occurrence of long-term restenosis in only 1 patient (2.1%).

The length of the follow-up period should be noted, given that

no series in the literature has reported a minimum follow-up of

Table 2

Demographic, Clinical, Echocardiographic, and Hemodynamic Data During Intermediate- and Long-term Follow-up

Age � 3 months Age > 3 months P

Intermediate follow-up

Clinical status at 1 year, NYHA

Patients 3 18

Class I 3 16

Class II 2

Class III

Echocardiographic data

Patients 9 44

Transvalvular gradient at 1 month, mmHg 13.00 [11.75-17.25] 20.0 [15.0-26.5]

Transvalvular gradient at 1 year, mmHg 12 [6-17] 15.0 [11.0-20.5]

Long-term follow-up

Age, years 12.88 [8.38-17.37] 20.68 [9.61-31.74] < .05

Weight, kg 58.33 [33.98-82.68] 63.84 [30.87-96.81] < .05

BSA, m2 1.26 [0.29-2.81] 1.58 [0.57-2.59] < .05

Clinical status after > 10 years NYHA

Patients 8 40

Class I 6 30

Class II 2 10

Class III

Echocardiographic data after > 10 years

Patients 8 40

Transvalvular gradient, mmHg 10 [8-14] 13.00 [10.00-18.25] .72

Jet/pulmonary annulus diameter, % 24.7 [19.3-38.3] 23.2 [20.5-29.5] .532

Baseline diameter, mm 34.60 [32.56-37.05] 32.90 [30.83-35.98] .171

Mean diameter, mm 35.60 [32.75-38.05] 35.95 [32.55-37.98] .890

RVFS, % 40.54 [34.03-47.35] 39.73 [32.76-43.89] .750

TAPSE, mm 20.35 [18.40-22.25] 22.70 [20.08-23.80] .051

BSA, body surface area; NYHA, New York Heart Association; RV, right ventricle; RVFS, right ventricular fractional shortening; TAPSE, tricuspid annular plane systolic

excursion.

Data are expressed as no. (%) or median [interquartile range].
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more than 10 years for all patients, and that many authors have

emphasized the importance of conducting studies to evaluate the

long-term effectiveness of percutaneous balloon pulmonary

valvuloplasty in the pediatric population.4,9,11

Comparison between the study data and those reported by

other authors shows that the results of all the series are less

promising, given that the long-term restenosis rate usually ranges

between 5% (Jarrar et al9) and 23% (McCrindle4); in the majority of

studies, the rate is about 10%.3,5,8,18

Similarly, comparison of immediate success rates shows that

there are many differences among series. Thus, in 1991, Santos de

Soto et al,6 reported an immediate success rate of 91.1% in a sample

of 34 patients aged � 2 years; in 1996, Mendelsohn et al19 reported

a rate of 68% in a sample of 55 patients, and in 2012, Holzer et al20

reported a rate of 88% in 211 patients in a multicenter study.

Regarding the rate of reoperation during follow-up, 90.57% of

patients were free from reoperation at 1-year postprocedure and

87.5% at 10 years postprocedure. This rate is similar to that

described by Rao et al3 in 2007, who reported that 84% of patients

were free of reoperation at 10 years, although the follow-up time in

our series was longer than that reported by these authors. Garty

et al,11 reported that 83% were free from reoperation at 10 years.

Predictors of Success

Analysis of the factors predictive of success revealed that

dysplastic valve morphology and stenosis severity were statisti-

cally significant risk factors. Some authors have drawn attention to

these risk factors, whereas others have emphasized the young age

of the patients at the time of valvuloplasty.18 In our study, although

the immediate success rate was lower in the group aged

� 3 months, younger age did not reach statistical significance as

a risk factor.

According to some authors, percutaneous valvuloplasty is the

treatment of choice for pulmonary valve stenosis regardless of

valve morphology, whereas other authors suggest that surgical

intervention is the treatment of choice if dysplastic morphology of

the pulmonary valve without commissural fusion is present.6,21

In this study, the success rate in patients with dysplastic valves

was 25%. The rate described by other authors varies considerably

between series (from 0% to 75%).6,22 In one of the largest series (13

patients), Rao et al22 reported a success rate of 69%.

In terms of age at the time of valvuloplasty, it should be noted

that the sample was divided into 2 groups, as all authors are

unanimous in asserting that neonatal critical pulmonary stenosis is

a disease in its own right that has characteristic features.23

Although strictly speaking the neonatal period only includes

the first month of life, the first group included patients aged � 3

months who underwent valvuloplasty because the patients of this

age showed the characteristic features of this disease.

In this study, the immediate success rate was 55.55% in the

group aged � 3 months. This rate is comparable to the rates

reported by other authors (from 43% to 78% [average 57%] in

different series).24–28 Furthermore, in relation to the 2 patients in

the group aged � 3 months who died, the problem of being unable

to cross the valve with the guidewire is now easily solved by the

use of 0.01400 hydrophilic guidewires together with very-low-

profile balloon catheters.

Analysis of the results in both age groups showed that patients

in the group aged � 3 months had worse hemodynamic status

before valvuloplasty (right ventricular/left ventricular pressure

ratio, 1.36 vs 0.91) and a worse immediate outcome (transvalvular

gradient, 25 mmHg vs 20 mmHg). This was due to the infundibular

reaction that sometimes occurs after the procedure, which is more

common in younger age groups. This reaction disappears over time

and thus similar transvalvular gradients were found in the 2

groups at intermediate- and long-term follow-up.

Pulmonary Regurgitation as the Main Complication

Pulmonary regurgitation steadily increases over the course of

different clinical examinations, becoming more severe over the

follow-up period and consequently there is a need to understand

its potential repercussion on patients.

Harrild et al,29 studied 41 patients with a mean follow-up of

13.1 years (6.2-22.9 years), finding a significant percentage of

moderate pulmonary regurgitation and mild ventricular dilatation,

although severe regurgitation or dilatation were very rare.

When we compared our data with that published in the

literature, the majority of series report a high rate of pulmonary

regurgitation. We highlight the series reported by Berman

et al,30,31 which included a total of 107 patients (7-year

follow-up). There were 6 cases of severe pulmonary regurgitation

(5.6%); 1 patient needed valve replacement and 2 patients were

borderline candidates for this procedure.

Study Limitations

The main limitation of this study is that it did not utilize

magnetic resonance imaging to assess pulmonary regurgitation

and its impact on dilatation and RV dysfunction; this test is

currently the gold standard, although its availability in all centers

and cost are not comparable to those of color Doppler echocardi-

ography; however, this could be the starting point for further

studies. In this study, color Doppler echocardiography was used

instead of magnetic resonance imaging. We are aware that

currently there is no echocardiographically estimated parameter

that has been completely validated for the analysis of pulmonary

regurgitation and that this measurement can also be affected

unless a good echocardiographic view is obtained. Consequently,

in this study, we performed this measurement in both the

subcostal and parasternal short-axis views, making several

estimates to subsequently calculate the mean of the different

results obtained; in this way, we attempted to reduce intraobser-

ver bias. Another limitation is the small sample size due to the

study being performed in a single center; this study should be

completed by multicenter studies with larger samples.

CONCLUSIONS

Percutaneous transluminal balloon valvuloplasty is an effective

technique in the treatment of pulmonary valve stenosis in children

and has good long-term results, as described in this series, which

has the longest follow-up period reported to date in the pediatric

population. Despite the high percentage of pulmonary regurgita-

tion and RV dilatation, there were no cases of severe ventricular

dysfunction or significant clinical repercussion. However, larger

studies with longer follow-up are needed in this patient

population.
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18. Juárez Rodrı́guez M, Alva Espinosa C, Ledesma Velasco M, Lázala Rodrı́guez G,
Jiménez Arteaga S, Sánchez Soberanes A, et al. Balloon pulmonary valvulo-
plasty, 15-year experience at the Siglo XXI IMSS National Medical Center. Arch
Cardiol Mex. 2003;73:190–6.

19. Mendelsohn AM, Banerjee A, Meyer RA, Schwartz DC. Predictors of successful
pulmonary balloon valvuloplasty: 10-year experience. Cathet Cardiovasc
Diagn. 1996;39:236–43.

20. Holzer RJ, Gauvreau K, Kreutzer J, Trucco SM, Torres A, Shahanavaz S, et al.
Safety and efficacy of balloon pulmonary valvuloplasty: a multicenter experi-
ence. Catheter Cardiovasc Interv. 2012;80:663–72.

21. Musewe NN, Robertson MA, Benson LN, Smallhorn JF, Burrows PE, Freedom RM,
et al. The dysplastic pulmonary valve: echocardiographic features and results of
balloon dilatation. Br Heart J. 1987;57:364–70.

22. Rao PS. Balloon pulmonary valvuloplasty: a review. Clin Cardiol. 1989;12:55–
74.

23. Prieto LR, Latson LA. Pulmonary stenosis. In: Allen HD, Driscoll DJ, editors. Moss
and Adams’ Heart disease in infants, children and adolescents. 7th ed. Phila-
delphia: Lippincot Williams and Wilkins; 2008. p. 835–57.

24. Gildein HP, Kleinert S, Goh TH, Wilkinson JL. Treatment of critical pulmonary
valve stenosis by balloon dilatation in the neonate. Am Heart J. 1996;131:
1007–11.

25. Ladusans EJ, Qureshi SA, Parsons JM, Arab S, Baker EJ, Tynan M. Balloon
dilatation of critical stenosis of the pulmonary valve in neonates. Br Heart J.
1990;63:362–7.

26. Zeevi B, Keane JF, Fellows KE, Lock JE. Balloon dilation of critical pulmonary
stenosis in the first week of life. J Am Coll Cardiol. 1988;11:821–4.

27. Lee ML, Wang JK. Percutaneous transluminal pulmonary valvuloplasty for
severe to critical valvular pulmonary stenosis in neonates and infants. Acta
Paediatr Taiwan. 2004;45:224–8.

28. Hanley FL, Sade RM, Freedom RM, Blackstone EH, Kirklin JW. Outcomes in
critically ill neonates with pulmonary stenosis and intact ventricular septum: a
multiinstitutional study. Congenital Heart Surgeons Society. J Am Coll Cardiol.
1993;22:183–92.

29. Harrild DM, Powell AJ, Tran TX, Geva T, Lock JE, Rhodes J, et al. Long-term
pulmonary regurgitation following balloon valvuloplasty for pulmonary ste-
nosis risk factors and relationship to exercise capacity and ventricular volume
and function. J Am Coll Cardiol. 2010;55:1041–7.

30. Berman Jr W, Fripp RR, Raisher BD, Yabek SM. Significant pulmonary valve
incompetence following oversize balloon pulmonary valveplasty in small
infants: A long-term follow-up study. Catheter Cardiovasc Interv. 1999;48:
61–5.

31. Rao PS. Late pulmonary insufficiency after balloon dilatation of the pulmonary
valve. Catheter Cardiovasc Interv. 2000;49:118–9.

R. Merino-Ingelmo et al. / Rev Esp Cardiol. 2014;67(5):374–379 379


	Long-term Results of Percutaneous Balloon Valvuloplasty in Pulmonary Valve Stenosis in the Pediatric Population
	INTRODUCTION
	METHODS
	Study Population
	Study Method
	Procedural Data
	Parameters Measured
	Statistical Analysis


	RESULTS
	Procedure
	Follow-up

	DISCUSSION
	Main Findings
	Predictors of Success
	Pulmonary Regurgitation as the Main Complication
	Study Limitations

	CONCLUSIONS
	CONFLICTS OF INTEREST
	References


