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Abstract: Objectives: Factors influencing results of balloon valvuloplasty (BVP) of pulmonary valve stenosis (PS) in children are investigated. Background: BVP has become the standard of care for PS, medium-term results are not uniform and depend on various preconditions. Methods: We analysed the medium-term results of BVP of PS in children in an observational, single centre study. Need for additional procedure was defined as outcome after initial BVP. Results: We included 143 children (83 female) at a median (IQR) age of 2.6 (0.26–9.24) months and body weight of 5 (3.4–8) kg at BVP with a follow–up of 5.04 (1.6–10.2) years. We used balloon size of 10 (9–14) mm and maximal balloon pressure of 4 (3.5–10) atm, resulting in balloon–to–pulmonary annulus ratio of 1.28 (1.2–1.4). Systolic pressure gradient of PS was reduced with BVP (43.5 mmHg vs. 14.0 mmHg, p < 0.001) and confirmed by echocardiography (68.0 mmHg vs. 25.0 mmHg, p < 0.001) day 1 post procedure. Pulmonary BVP with associated supravalvular PS resulted in a relevant reduction of systolic pressure gradient in 23 of 31 patients (74.2%). Early additional procedure was necessary in 14 patients (9.8%) after 0.2 (0.1–0.7) years due to residual PS (n = 13) and infective endocarditis (n = 1). Factors for additional procedures were associated supravalvular PS with a higher residual pressure gradient, but not genetic syndrome. During further follow–up of 5.04 (1.6–10.2) years no further additional procedures were needed. Conclusions: Pulmonary BVP of native pulmonary valve stenosis leads to excellent medium-term results, even in 3 of 4 infants with associated supravalvular obstruction sufficient pressure relief can be obtained.
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1  Introduction

Pulmonary valve stenosis (PS) is a congenital heart defect (CHD) causing an obstruction of the right ventricular outflow tract at the valvular level. PS is common with an incidence of 0.7 per 1000 live births [1]. It may occur isolated or in combination with other types of CHD such as Tetralogy of Fallot with subvalvular or supravalvular pulmonary stenosis [2]. Depending on the hemodynamic severity, right ventricular pressure load leads to right ventricular myocardial hypertrophy. Clinical signs of PS include failure to thrive, exercise-induced dyspnea, arrhythmia or fatigue, but mostly young patients are oligosymptomatic [3]. In contrast, in newborns with critical PS with duct dependent pulmonary blood flow central cyanosis may be the leading symptom due to interatrial right-left-shunt [4]. Beside these clinical findings, the diagnosis of PS is made by transthoracic echocardiography and interventional and surgical treatment options are available for PS [3]. The catheter interventional technique of balloon valvuloplasty (BVP) has been introduced in 1982 by Kan et al. [5]. Nowadays, BVP of PS is the standard treatment for native PS in children [6–8] with acceptable results [9,10].

Nevertheless, the occurrence of a residual PS after primary BVP during follow-up has been noticed [8,11,12]. One of the risk factors for residual PS includes the combination of valvular PS with an associated supravalvular obstruction [13]. Furthermore, the combination of valvular and supravalvular PS may also be associated with general hypoplasia of central and peripheral pulmonary arteries, often found in patients with genetic syndromes such as Allagile syndrome and Williams syndrome [14,15]. Controversy exists in literature about the preferred treatment for supravalvular PS, which can be either treated by surgery [16–18], or by balloon angioplasty of the main pulmonary artery [19–21]. Numbers of pediatric studies on treatment of combined valvular and supravalvular PS are limited.

Therefore, the aim of this study was to determine the medium-term follow-up of BVP of native PS in children and to identify possible factors for treatment failure leading to residual PS and need for secondary treatment.

Our hypothesis was that an additional supravalvular pulmonary stenosis, especially in children with genetic syndrome, may limit procedural success.

2  Materials and Methods

This study is a single centre, clinical observational study of children undergoing BVP for native PS. We reviewed the efficacy of BVP of native PS at our institution over the last 17 years for medium-term outcome with a focus on possible factors influencing outcome such as age at intervention, anatomic factors such as additional supravalvular stenosis, technical aspects of BVP, and genetic comorbidity. All consecutive patients with PS treated by BVP were identified within our digital hospital data base. The search was conducted with the keywords “pulmonary valve stenosis” and “balloon valvuloplasty” for the period from February 2002 to March 2019. Inclusion criteria were (1) age at intervention <19 years, (2) diagnosis of a native PS; including critical pulmonary stenosis, and (3) associated simple type of CHD, such as patent foramen ovale (PFO), atrial septal defect (ASD), small muscular ventricular septal defect (VSD) or patent arterial duct (PDA), all without hemodynamic relevance at the time of BVP. We further included neonates, who already were treated before birth by a fetal BVP of fetal PS. Critical PS was defined by duct-dependent pulmonary circulation and need of prostaglandin E2 infusion with or without severe cyanosis after birth.

Patients were excluded, if they had another preceding cardiac surgical procedure, or an associated complex type of CHD, such as Tetralogy of Fallot, double outlet right ventricle of Fallot type, pulmonary atresia with intact ventricular septum, or other CHD associated with valvular PS.

We did not exclude patients with Noonan syndrome, Williams’ syndrome or other genetic syndromes associated with valvular PS.

The medical records, echocardiograms, angiography and cardiac catheterization data were reviewed.

The indication for BVP was based on the Doppler pressure gradient across the pulmonary valve. The indication for a BVP of PS was a right ventricular pressure increase of more than 2/3 of the systolic arterial pressure in asymptomatic or more than 1/2 of the systolic arterial pressure in symptomatic patients or duct-dependent pulmonary perfusion (critical PS).

2.1 Catheter Procedure

Transcatheter procedures were performed under general anaesthesia and endotracheal intubation. Standard technical approach was performed as previously described [22]. For BVP, the adequate balloon size was determined starting with a balloon diameter of at least 120% of the measured PV annulus in both projections. Balloon dilatation was performed with balloon inflation until the PV narrowing (balloon waist) disappeared, up to the recommended rated burst pressure. Post procedure, the peak-to-peak pressure gradient was re-measured across the pulmonary valve by a pressure curve pull back, and angiography of the PA and the RV were repeated. If a significant pressure gradient remained, secondary balloon valvuloplasty was performed with a larger balloon diameter (stepwise increase of balloon diameter by 1 to 2 mm) and higher inflation pressures. The procedure was defined as successful, if a significant pressure gradient reduction defined as a residual peak-to-peak pressure gradient of less than 20 mmHg or reduced systolic RV pressure less than half of the systemic arterial pressure and an improved opening of the PV with broader contrast jet on angiography was achieved. After cardiac catheterization, low molecular weight heparin was used twice daily for the following 24 h to prevent thromboembolic complications [23,24]. Patients stayed in hospital overnight for clinical observation and were discharged after clinical evaluation, electrocardiogram and echocardiogram one or two days after the procedure.

From the cardiac catheterization procedure, type of balloons, maximal balloon diameters and maximal balloon inflation pressures were noted. The maximal balloon diameter-to-PV annulus ratio, and the ratio between systolic RV pressure and systolic left ventricular pressure before and after the intervention were calculated. The SA pressure was evaluated before BVP. If the pressure of the LV was not noted in the protocol, systolic arterial blood pressure data was used. The diagnosis of supravalvular stenosis was made from angiography. Any complication during the procedure was noted and its severity was grouped according to Bergersen et al. [25].

2.2 Doppler Echocardiography

Two-dimensional transthoracic Doppler echocardiography, pulsatile and continuous wave Doppler and colour flow mapping were used to study cardiac anatomy, dimension, function and flow pattern. Three echocardiographic examinations were reviewed for each child at (1) the day before BVP, (2) the day after BVP and (3) at the time of last follow-up. For patients undergoing an additional procedure, the last follow-up is defined as the last echocardiography performed before reintervention. From these echocardiograms, the diameter of the PV annulus, the maximum peak gradient across the PV and the presence of pulmonary valvular regurgitation (PR) were noted. PR was assessed by colour-flow mapping and graded as none, mild, moderate and severe according to the ratio of diastolic colour Doppler jet width to outflow diameter of the RV. A ratio of jet width-to-RV outflow diameter gradient of less than 1/3 was considered as mild, between 1/3 to 2/3 as moderate and of more than 2/3 as severe PR [26].

2.3 Statistics

Continuous data were presented median with interquartile ranges (IQR). Categorial variables were expressed as numbers with percentages. For statistical evaluation of continuous variables, we used the paired t-test or Mann-Whitney U-Test depending on the type of distribution of assessed data. Categorial parameters were compared using the Pearson chi-square test and Fisher exact test. Kaplan-Meier analysis were used displaying freedom of additional procedures. A p-value <0.05 was determined as significant. All statistical analyses were performed using SPSS Statistics Version 25.0.

2.4 Ethics

The study was approved by the Cantonal Ethical Committee (BASEC Nr. 2019–01130).

3  Results

3.1 Patients

Pulmonary balloon valvuloplasty was performed in 218 patients between February 2002 and March 2019. We excluded patients with a former cardiac procedure other than BVP of PS (n = 40), associated complex CHD (n = 11), pulmonary atresia with intact ventricular septum who required catheter radiofrequency perforation of atretic PV before BVP (n = 10) or missing informed study consent (n = 14).

Therefore, we report on 143 patients fulfilling the inclusion criteria with native PS treated with BVP. 112 patients had an isolated valvular PS without additional supravavlular obstruction, 31 (21.7%) patients had a combined valvular and supravalvular PS. Critical PS was found in 25 (17.5%) neonates. Three patients were treated for PS before birth by a fetal BVP and needed further BVP for residual PS after birth.

Overall, the median (IQR) age at intervention was 2.6 (0.26–9.24) months, body weight 5.0 (3.4–8.0) kg, and body length 58 (50–73) cm. Forty-seven of 143 patients (33%) were neonates, 66 of 143 (46%) were infants and 30 of 143 (21%) were older than 1 year of age at BVP. Associated genetic syndromes were found in 10 (7%) patients including Noonan syndrome (n = 6), Williams’ syndrome (n = 2), Wolf-Hirschhorn syndrome (n = 1), and Smith-Magenis syndrome (n = 1). A total of 107 (75%) infants had one or more additional minor CHD, including PFO (n = 65, among them n = 29 below 1 month of age), PDA (n = 37, among them n = 25 treated with prostaglandin E2 due to critical PS), ASD (n = 42 ASD II, treated during follow-up n = 4; n = 1 ASD I), small muscular VSD (n = 9, treated during follow-up n = 0), and partial anomalous pulmonary venous drainage (PAPVD) (n = 2, treated during follow-up n = 0). Combined procedures during initial BVP of PS were interventional closure of ASD II (n = 4), PFO (n = 1) and PDA (n = 1).

The immediate and medium-term results of BVP are shown in Table 1. Angiography revealed a median pulmonary annulus diameter comparable with the median diameter of the pulmonary valve annulus measured by echocardiography the day before (8.1 (7–10.4) mm at cath vs. 8.3 (7–10) mm on echo; p = 0.748). The used balloon diameter for BVP was 10.0 (9–14) mm resulting in balloon diameter-to-PV annulus ratio of 1.28 (1.2–1.4) with a maximal balloon pressure of 4 (3.5–10.0) atm. Further procedural details of BVP are given in Table 2.

At catheterization, we found a significant reduction of invasive measured systolic RV pressure (before BVP 64.0 (52.0–84.0) mmHg vs. after BVP 41.0 (35.0–51.0) mmHg; p < 0.001), and systolic RV-PA pressure gradient (before 43.5 (31.3–59.0) mmHg vs. after 14.0 (9.0–20.0) mmHg; p < 0.001) and increase of systolic PA pressure (before BVP 20.0 (17.0–27.5) mmHg vs. after BVP 25.0 (21.0–32.0) mmHg; p < 0.001). Before BVP, the ratio systolic RV pressure-to-systolic arterial pressure was 0.9 (0.7–1.2) (Table 1).

Immediate and medium-term results of BVP of PS determined by echocardiography are shown in Fig. 1. The peak Doppler pressure gradient was reduced from 68.0 (57.0–81.0) mmHg before BVP to 25.0 (19.0–45.0) mmHg on the day after BVP and 14.0 (5.8–22.0) mmHg at last follow-up (all p < 0.001).

The follow-up was 5.04 (1.6–0.2) years. Twenty-one patients were lost of follow-up and were excluded for medium-term analysis (Fig. 1). Follow up rate was 85.4%.

The distribution of the degree of PR determined on echo at the day after pulmonary BVP were in more than two thirds of the patients of mild degree (n = 98, 69%) and remained stable during medium-term follow-up (n = 78, 64%) (Fig. 2). PR after pulmonary BVP of PS was not associated with oversizing of balloons used during BVP procedures. In 26 of 143 (18.2%) patients the balloon diameter-to-PV annulus ratio exceeded more than 1.4 but did not result in a higher degree of PR on the day after BVP or at last follow-up. PV replacement for PR was not necessary during medium-term follow-up.
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Figure 1: Medium-term results of echocardiographic peak Doppler pressure gradient of balloon valvuloplasty of native pulmonary valve stenosis in pediatric patients. BVP, balloon valvuloplasty; FU, follow-up; PA, pulmonary artery; RV, right ventricle. Of note, the outliers depicted as asterisks and dots according to supravalvular and valvular pulmonary valve stenosis at the last follow-up needed re-intervention
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Figure 2: Medium-term results of pulmonary valve regurgitation after balloon valvuloplasty of native pulmonary valve stenosis with and without additional supravalvular pulmonary stenosis in pediatric patients. 1 d post, day after; last FU, last follow-up; PR, pulmonary valve regurgitation; PS, pulmonary valve stenosis

3.2 Combined Valvular and Supravalvular Pulmonary Stenosis

Patients with a combined valvular and supravalvular PS (n = 31, 21.7%), were older age at BVP (0.47 years vs. 0.14 years; p = 0.002), had more complex procedures with longer median procedure times (79.5 min vs. 46.5 min; p < 0.001), larger balloon-to-PV annulus ratios (1.4 vs. 1.25; p < 0.001), more frequent use of high-pressure balloons (64.5% vs. 25%; p < 0.001) and the resulting residual pressure gradients at cath (28.5 (15.8–40) mmHg vs. 12.0 (8–17) mmHg; p < 0.001) and on echo the day after the procedure (54.0 (45–62) mmHg vs. 23.0 (18–19) mmHg; p < 0.001) were higher (Table 1). Furthermore, patients with an additional supravalvular PS had more often associated genetic syndromes (23% vs. 3%; p < 0.001). Of note, PR was less frequently found in patients with additional supravalvular PS immediately after BVP and at last follow-up (48% vs. 89% and 71% vs. 96%; both p < 0.001) (Fig. 2). Eight of the 31 patients (25.8%) with additional supravalvular PS needed additional procedures (Table 1).

3.3 Complications of BVP

In eight patients (5.6%) complications during or after BVP occurred, determined as minor (n = 4), moderate (n = 3), and severe (n = 1). Minor complications included transient arrhythmias during BVP (n = 3), and intraprocedural small local femoral vein bleeding complication during sheath exchange (n = 1), both complications were self-limiting and needed no further treatment. Moderate complications were supraventricular tachycardia treated by adenosine application (n = 1), infundibular RV muscle spasm treated by beta-blocking agent during BVP (n = 1) and a vessel injury of the right femoral vein, which was closed by detachable coils (n = 1). Major complication occurred in a neonate 30 days after BVP with infective endocarditis of the PV due to Staphylococcus aureus (n = 1). The PV had to be replaced by surgery after six weeks due to a paravalvular abscess formation. Three children died during further follow-up–none of these deaths were procedure-related. The reasons for death were necrotizing enterocolitis (5 weeks after BVP due to critical PS), ponsglioma (6 years after BVP), and postoperative sudden cardiac death (6 weeks after secondary surgery for supravalvular PS).

3.4 Additional Procedures–Interventional or Surgical

Freedom of additional procedures was 90.2% after 1.4 years for the total patient group, 74.2% for patients with and 94.6% for patients without additional supravalvular PS and did not change during further medium-term follow-up (Fig. 3). Additional procedures became necessary in 14 patients (9.8%) after 0.2 (0.1–0.7) years (Table 1). Reasons for additional procedures were residual PS (n = 13) and infective endocarditis of PV (n = 1). Residual PS was localised at valvular (n = 3), subvalvular (n = 2), or supravalvular (n = 8) level. Additional procedures for PV restenosis were performed by cardiac surgery (n = 7, among them n = 6 due to supravalvular PS) or by a second (n = 5) or a third (n = 1) BVP procedure. One patient was operated for surgical ASD closure, but also received an additional pulmonary valvotomy, which by itself would not have been indicated due to low residual RV-to-PA pressure gradient (24 mmHg).

Factors determining an additional procedure were an associated supravalvular PS (p = 0.002) resulting in a higher immediate residual pressure gradient at cath (p < 0.001). These findings were also associated with a prolonged procedure time of cardiac catheterization (p = 0.006), a higher number of balloons used (p < 0.001) and a higher peak Doppler pressure gradient on echocardiography (p < 0.001) on the day after procedure. We did not find any influence of associated genetic syndromes for additional procedures after BVP.
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Figure 3: Freedom of additional procedure after pulmonary balloon valvuloplasty with and without additional supravalvular pulmonary stenosis in children. BVP, balloon valvuloplasty; PS, pulmonary valve stenosis

4  Discussion

This data analysis of the medium-term results of BVP in native PS revealed excellent technical efficacy, high procedural safety, and low complication rate as well as a long-lasting efficacy during follow-up (Fig. 1). These findings are according to the literature [9–11,27].

Despite an overall freedom of additional procedures of more than 90% over a follow-up of more than five years, patients needed reintervention early during follow-up until 1.4 years after initial BVP (Fig. 3). Karagoz et al. reported procedural success as time of freedom from reintervention for one year after BVP [27]. Our rate of additional procedures is comparable with other groups [8,11,12]. Residual PS was the most frequent reason for additional procedures, while PR did not lead to reintervention and may only mildly develop during follow-up (Fig. 2). In patients with residual PS, secondary BVP was the treatment of choice for valvular PS and was successful, but in patients with combined valvular and supravalvular restenosis, surgery was performed, as recommended by the AHA [16,22]. While the efficacy of BVP in children with isolated valvular PS is excellent, pulmonary BVP has limitations in children with a combined valvular and supravalvular PS [21], attributing to the high number of additional procedures needed in our cohort (Table 1). The number of additional supravalvular PS was high (21.7%), requiring more aggressive procedural BVP, but with a comparable low number of complications and good success rate of BVP (23 of 31 patients, 74%). Nevertheless, supravalvular PS has been described as risk factor for procedural failure [13,21] and its absence as a significant predictor of success [28]. Surgery is mentioned as the recommended first line therapy for supravalvular PS [16,22], because only few studies report successful BVP in these patients [19–21]. The elastic recoil properties of the supravalvular ridge were discussed as one possible contributing factor to the failure of BVP in patients with supravalvular PS [18].

From our perspective, supravalvular PS can be treated by pulmonary balloon angioplasty with a procedural success rate of almost 75%, which is in comparison to neonatal cardiac surgery a less invasive procedure in small children [8]. Our findings are comparable to a recently published trial where the reintervention rate was 32% in patients with supravalvular PS. Poupart et al. [21] A higher balloon-to-PV annulus up to 1.4 can be used without a higher rate of complications (Table 1). Of note, the number of PR is lower in patients with combined valvular and supravalvular PS, which underlines the more relevant aspect of the supravalvular PS (Table 1). Further studies need to investigate which patients with supravalvular PS might be successfully treated by BVP and which might not [21].

An immediate residual systolic RV-to-PA gradient after BVP of valvular PS of <20 mmHg may be determined as procedural success [16], while other studies [12,13,22,29] determined higher cut-off values (25 to 36 mmHg) with no need for reintervention during mid-term follow-up [22]. Nevertheless, more aggressive BVP may lead to higher complication rates including PR [8,30], which was not found in our cohort, even in those children with higher balloon-to-PV annulus ratio >1.4 (Table 1).

PR after BVP may develop and progress during medium-term follow-up, but the hemodynamic impact of PR remains rather low [9] due to the mild-to-moderate degree of PR in most cases during long-term follow-up [9,10,12]. The reasons for developing severe PR after BVP and during long-term follow-up are unclear, a higher balloon diameter-to-PV annulus (>1.4) has been discussed as a risk factor [12,30–32]. Nevertheless, PR rarely leads to surgical valve replacement [11,30,32,33]. We recommend critical evaluation of the RV function and RV volume during follow-up including multi-modal imaging [33].

The very low number of severe complications (<1%) in our cohort underlines the technical safety of the procedure [10,13,22]. In our series, PV infective endocarditis after BVP of PS was attributed to central venous line catheter sepsis with Staphylococcus aureus in an otherwise already critical ill neonate, but remains a rather anecdotal complication [34,35], where peri-procedural antibiotic endocarditis prophylaxis is no more recommended in patients undergoing BVP of PS [3].

Suboptimal outcome of BVP of PS in patients with Noonan syndrome has been reported [12]. In our cohort, only 1/10 of the patients with a genetic syndrome needed additional procedures, namely one with Noonan syndrome, while the need of reintervention in patients with Noonan syndrome after pulmonary BVP differs to more frequent findings of other groups [36].

Former fetal BVP of PS may lead to the necessity of further BVP of PS after birth, as shown in our cohort, performed with a high rate of success, as described by Tulzer et al. [37].

5  Limitations

The main limitation of this data collection and analysis was the retrospective study design, which made standardized follow-up difficult. Furthermore, follow-up of echocardiographic results is dependent on subjective judgment of the examiner and is therefore difficult to standardise. Nowadays, as an alternative for using echocardiography within our retrospective analysis, cardiac MRI as part of multimodality imaging techniques has become the diagnostic standard for evaluating pulmonary regurgitation and right ventricular volume load, which should be considered for future studies [38]. Nevertheless, recent studies have shown that echocardiography is still an appropriate technique for the assessment of PR [39].

6  Conclusion

BVP of isolated native PS is safely performed with an excellent medium-term success and a high rate of freedom from additional procedures. The main factor for additional procedure was an associated supravalvular PS resulting in a higher residual pressure gradient. Patients with additional supravalvular PS can be treated with BVP in a first attempt, since BVP was successful in almost 3 out of 4 of these patients (74.2%) and BVP is less invasive than surgery. Further studies, preferably prospective, are needed to better understand the circumstances for success of BVP in patients with supravalvular PS.
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Table 2: Procedural details of BVP of native PS 1 pediatric patients

Sheath size, maximal [French] 5 (4-14)
Number of needed balloons [n =, %]
1 89 (62.2%)
2 45 (31.5%)
3 or more 9 (6.3%)
Used balloons
Tyshak 1I® [n=] 84
Tyshak mini® [n=] 19
Atlas® [n=] 15
Advance® 18 LP [n=] 16
Other* [n=] 75

Note: Data are given as numbers (%), and median (range) [IQR], as appropriate. BVP, balloon
vatvuloplasty; PS, pulmonary valve stenosis. *Other inchuded Coefficient™ (n = 15), VASC® II
(=7, Zmed™ I (n = 6), Maxi LD™ (n = 4), Sterling™ (n = 3), Conquest® (n = 1),
Dorado® (n = 1), Powerflex® (n = 1), and unknown (n = 37).
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Table 1: Baseline characteristics and medium-term results of balloon valvuloplasty of native PS 1n pediatric

patients comparing valvular and valvular + supravalvular PS

Pulmonary valve stenosis

Total patients Valvular Valvular + supravalvular (n p value

(n = 143) (n=112) =31)
Age [years] 0.22 (0.02-0.8) 0.14 (0.01-0.7) 0.47 (0.2-1.2) 0.002
Sex, female [n =, %] 83.0 (58%) 68.0 (60.7%) 15.0 (48.4%) 0.218
Body weight [kg] 5.0 (3.4-8.0) 4.6 (3.2-7.7) 6.3 (4.7-9.2) 0.033
Body length [cm] 58.0 (50.0-73.0) 55.5(50.0-70.0) 61.0 (56.0-75.0) 0.580
Catheterization
Balloon-to-PV annulus ratio 1.28 (1.2-14) 1.2501.2-1.3) 1.4 (1.3-1.5) <0.001
Max balloon pressure [atm] 4.0 (3.5-10.0) 4.0 3.5-6) 10.0 (7.0-14.0) <0.001
Max balloon diameter [mm] 10.0 (9.0-14.0) 10.0 (8.0-12.0) 12.0 (10.0-14.0) 0.005
Used balloons (per patient) [n=] 209 (= 1.5/pat.) 147 (= 1.3/pat.) 62 (= 2/pat.) <0.001
Low pressure balloon (<4 atm) [n=]  95.0 (66.4%) 84.0 (75.0%) 11.0 (35.5%) <0.001
High pressure balloon (>4 atm) [n=] 48.0 (33.6%) 28.0 (25.0%) 20.0 (64.5%) <0.001
Procedure time [min] 50.0 (39.3-63.8) 46.5 (37.0-58.0) 79.5 (56.0-94.8) <0.001
X-ray time [min] 11.3 (7.0-15.2) 10.0 (6.6-14.0) 15.15 (11.1-24.3) 0.001
X-ray dose [cGy/m2] 0.9 (0.44-2.3) 0.8(0.3-1.95) 1.1(0.6-4.5) 0.107
Contrast medium [ml] 18.0 (12-30) 16.0 (12-24) 30.0 (18.0-42.0) <0.001
Systolic dp RV-PA, before [mmHg] 43.5 (31.3-59.0) 42.0 (30.3-59.0) 45.0 (32.0-58.3) 0.756
Systolic dp RV-PA, after [mmHg] 14.0 (9.0-20.0) 12.0 (8.0-17.0) 28.5 (15.8-40) <0.001
Systolic RV pressure, before [mmHg] 64.0 (52.0-84.0) 66.0 (52.0-86.0) 63.0 (52.0-78.0) 0.357
Systolic PA pressure, before [mmHg] 20.0 (17.0-27.5) 20.5 (17.0-28.0) 20.0 (16.0-25.0) 0.420
Systolic RV pressure, after [mmHg]  41.0 (35.0-51.0) 39.0 (33.0-47.0) 52.5 (42.5-60.8) <0.001
Systolic PA pressure, after [mmHg]  25.0 (21.0-32.0) 26.0 (21.0-33.0) 23.0 (18.5-29.0) 0.094
Systolic SA pressure, before [mmHg] 74.0 (62.0-85.0) 73.0 (60.0-85.0) 78.5 (66.3-87.5) 0.178
RV-to—SA pressure, before 0.9 (0.7-1.2) 0.95 (0.7-1.4)  0.86 (0.6-1.04) 0.179
Echocardiography
Peak Doppler dP RV-PA, before 68.0 (57.0-81.0) 68.5 (57.3-81.8) 65.0 (53.0-80.0) 0.559
[mmHg]
Peak Doppler dP RV-PA, 1 day after 25.0 (19.0-45.0) 23.0 (18.0-29.0) 54.0 (45.0-62.0) <0.001
[mmHg]
Peak Doppler dP RV-PA, last FU 14.0 (5.8-22.0) 13.0 (5.0-21.0) 25.0 (10.5-65.5) 0.007
[mmHg]
PV annulus [mm] 8.3 (7.0-10.0) 8.0 (7.0-10.1) 9.0 (8.0-10.3) 0.046
PV regurgitation, 1 d after [n =, %] 115 (80.4%) 100 (89.3%) 15 (48.4%) <0.001
No [n =, %] 28 (19.6%) 12 (10.7%) 16 (51.6%) <0.001
Mild [n =, %]) 98 (68.5%) 86 (76.9%) 12 (38.7%) <0.001
Moderate [n =, %] 16 (11.2%) 13 (11.6%) 3 (9.7%) 1.000
Severe [n =, %] 1 (0.7%) 1 (0.9%) 0 (0%) 1.000
PV regurgitation, last FU [n =, %] 111 (90.9%) 94 (95.9%) 17 (70.8%) 0.001
No [n =, %] 11 (9.0%) 4 (4.1%) 7 (29.2%) 0.001
Mild PR [n =, %] 78 (63.9%) 62 (63.3%) 16 (66.7%) 0.941
Moderate PR [n =, %] 27 (22.1%) 26 (26.5%) 1 (4.2%) 0.037
Severe PR [n =, %] 6 (4.9%) 6 (6.1%) 0 (0.0%) 0.597
Follow—up
Reintervention [n =, %] 14 (9.8%) 6 (5.4%) 8 (25.8%) 0.002
Complications [n =, %] 8 (5.6%) 7 (6.3%) 1 (3.2%) 1.000

Note: Data are given as numbers (%), and median (IQR). dP, systolic pressure gradient; PS, pulmonary valve stenosis; PV, pulmonary valve; RV, right

ventricle; SA, systemic artery (Aorta).
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