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Abstract

Background: Congenital heart defects affect roughly 1 in 150 people and are often associated with right ventricular outflow tract 
(RVOT) dysfunction. The aim of the study was to evaluate the echocardiographic changes within the right ventricle following percutane-
ous pulmonary valve implantation (PPVI).

Methods: The echocardiographic data of 57 patients who had pulmonary valve stenosis and/or regurgitation and had undergone PPVI 
treatment and completed at least 1 year of regular follow-up at the Prince Sultan Cardiac Center from January 2012 to December 2015 
were analyzed at the baseline level (before PPVI) and at 6 and 12 months following the PPVI treatment. Pulmonary insufficiency was 
graded from 0 to 4 based on severity: 0, none; 1, trivial; 2, mild; 3, moderate; 4, severe/free).

Results: There was a significant reduction in the RVOT gradient. At baseline, 95% of the subjects demonstrated pulmonary insufficien-
cy (grades 2-4); at 12 months, 28% had decreased pulmonary insufficiency and 72% had limited to no pulmonary regurgitation. Other 
parameters, including right ventricular volumes, fractional area change, and the tricuspid regurgitant jet width/body surface area, did 
not demonstrate any significant change. Early follow-up echocardiographic data demonstrated persistent improvement in the RVOT 
gradient and pulmonary regurgitation level over the 1-year follow-up.

Conclusion: PPVI was seen to ameliorate RVOT dysfunction in most subjects.
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Introduction
The prevalence of congenital heart defects has been estimated 

as 1 in 150 individuals in the adult population [1]. It has been fur-
ther identified that the incidence of right ventricular outflow tract 
(RVOT) defect in newborns is also increasing, which results in con-
genital heart defects such as truncus arteriosus, tetralogy of Fallot, 
and pulmonary atresia. Hence, these defects need to be addressed 

via reconstructive surgery, incorporating the use of a patch, valved 
conduits, or bioprosthetic valves. Studies have noted that recon-
structive surgeries that use conduits or bioprosthetic valves are 
commonly used to treat RVOT disorder in children with complex 
heart disorders [2-4]. However, various complications may arise 
from such techniques.
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The incidence of pulmonary regurgitation (PR) in patients who 
underwent post-RVOT reconstruction using transannular patches 
is also high [1]. Moreover, the biological material utilized in bio-
prosthesis and valved conduits is prone to degeneration, leading 
to progressive RVOT dysfunction including PR and pulmonary 
stenosis [5-7]; thus, patients have to undergo repeated surgical 
interventions. Further studies discussed the limited longevity of 
RVOT reconstruction [8-10] and highlighted PR as a risk factor for 
long-term morbidity and mortality [11-13], along with the primary 
indication for reoperation [14,15]. Although surgical outflow tract 
revision is associated with a low morbidity and mortality [11-15], 
such replacements have a limited life span and require addition-
al open-heart procedures. Therefore, a suitable alternative that 
would adequately address obstructive or regurgitant lesions in 
RVOT reconstruction surgery is essential. Bonhoeffer., et al. [16] in-
troduced percutaneous pulmonary valve implantation (PPVI) as a 
non-surgical treatment for RVOT dysfunction. The use of two types 
of valves was noted, namely, Melody Medtronic and Edwards SAPI-
EN transcatheter heart valves [1]. PPVI has been used in more than 
10,000 reconstruction procedures conducted in 200 centers in 35 
countries [1]. One of the largest reported experience was noted in 
155 patients who had undergone PPVI at a median age of 21 years 
[17], which showed that the PPVI was technically successful with 
a low complication rate, resulting in marked improvement of the 
right ventricular (RV) hemodynamic status [17]. Therefore, this 
study was conducted an early-term follow-up of certain echocar-
diographic parameters in older children, adolescents, and the adult 
population post-PPVI treatment.

Methods
Following the initiation of PPVI treatment at the Prince Sultan 

Cardiac Center in Riyadh, Saudi Arabia, a well-organized program 
on pre-implantation workup and post-implantation follow-up via 
echocardiography at regular time intervals was established. This 
study included 57 of 92 patients who underwent PPVI treatment at 
the center from January 2012 to December 2015 and completed at 
least 1-year follow-up. Regular echocardiographic assessment was 
carried out for these patients at specific time intervals. The first as-
sessment was conducted within 6 months before the implantation 
process. The next assessments were carried out 6 and 12 months 
following the implantation process. Two-dimensional (2D) Dop-
pler quantification echocardiographic data were obtained from the 
system.

Both the RV functional status and the degree of dilation were 
assessed in all the patients, using a Philips IE-33 2D transthoracic 
echocardiographic system. The right ventricular end-diastolic di-

mensions were obtained via 2D tracing on apical four-chamber 
view. The study additionally obtained the RV end-diastolic area 
indexed to the body surface area (RVEDA/BSA) and the RV end-
systolic area. RV function was assessed by calculating the RV frac-
tional area change (FAC). An estimate of tricuspid regurgitant (TR) 
severity was determined from the TR jet width indexed to the body 
surface area (BSA). The RVOT maximum peak instantaneous gra-
dient was calculated from the velocity flow (CW Doppler interro-
gation) and the degree of PR was determined qualitatively by the 
color-flow mapping (CFM) Doppler.

PR was categorized as 0, none; 1, trivial (the regurgitant color 
jet width is less than one third of the pulmonary valve annulus di-
ameter); 2, mild (the regurgitant color jet width is greater than one 
third but less than half of the pulmonary valve annulus diameter; 
3, moderate (the regurgitant color jet width is greater than half but 
less than the pulmonary valve annulus diameter; 4, severe (the re-
gurgitant color jet width is equal to the pulmonary valve annulus 
diameter with flow reversal in the branch of the pulmonary arter-
ies). Regurgitation grades 2-4 were considered significant. Data 
are described as mean ± standard deviation (SD) or median with 
minimum and maximum values and percentages, as appropriate.

Results
This study was conducted on 39 male (68%) and 18 female 

(32%) subjects, with mean age of 18.8 ± 7.9 years (range, 8 - 45 
years) and mean BSA of 1.5m2 (range, 1 - 2.2m2). The results of 
the baseline echocardiography performed before implantation was 
compared with those obtained at 6 and 12 months post-implanta-
tion. This study noted a significant reduction in the RV-to-pulmo-
nary artery gradient (Table 1) from 37 ± 22.2 mm Hg at baseline to 
18.2 ± 6.8 mm Hg at the 6-month follow-up and to 18 ± 6.25 mm Hg 
at the 12-month follow-up (Figure 1; p < 0.001).

RVOTa 
PGb >25 
mm Hg

RVOT PG 
25-50 mm 

Hg

RVOT PG 
<50 mm 

Hg
RVOT PG

Pre-PPVIc 10 (17.6) 24 (42) 23 (40.4) 37.25 ± 22.2
6 months 50 (87.7) 7 (12.3) 0 18.2 ± 6.8
12 months 48 (84.2) 9 (15.8) 0 18.64 ± 6.25

Table 1: Right ventricular outflow tract peak pressure gradient 
pre– and post–percutaneous pulmonary valve implantation.

Values are presented as n (%) or mean ± standard deviation.

RVOTa: Right Ventricular Outflow Tract; PGb: Pressure Gradient; 
PPVIc: Percutaneous Pulmonary Valve Implantation.
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Figure 1: Right ventricular outflow tract pressure gradient (PG) 
pre- and post-percutaneous valve implantation (PPVI).

There was a significant improvement in the PR level of the in-
vestigated subjects following the implantation process (Table 2 
and figure 2). At the baseline level, 95% of the patients (n = 54) 
demonstrated a pulmonary insufficiency grade between 2 and 
4, where 42 (82.5%) patients had moderate to severe PR (grade 
≥ 3). However, at the 12-month follow-up after the implantation 
process, 29 (50.8%) subjects had no detectable PR (p < 0.001), 11 
(19%) subjects demonstrated trivial PR, and only 2 (3.5%) subjects 
exhibited moderate PR (grade 3). None of the subjects developed 
severe PR (grade 4).

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Pre-
PPVIa 3 (5) 0 6 (10.5) 18 (31.5) 30 (53)

6 
months

33 
(57.9) 9 (15.8) 13 

(22.8) 2 (3.5) 0

12 
months

29 
(50.9) 11 (19.3) 15 

(26.3) 2 (3.5) 0

Table 2: Pulmonary regurgitation severity pre– and post–percuta-
neous pulmonary valve implantation.

Values are presented as n (%).

PPVIa: Percutaneous Pulmonary Valve Implantation.

Figure 2: Severity of pulmonary regurgitation severity pre- and 
post-percutaneous valve implantation (PPVI).

There were no significant changes in tricuspid valve sever-
ity (expressed as TR jet width/BSA), RV end-diastolic dimensions 
(expressed as RVEDA/BSA), and RV function (estimated by FAC) 
(Table 3 and Figure 3). 

TRa jet width/BSAb RVEDAc/BSA FACd

Pre-PPVIe 0.445 ± 0.24 15.95 ± 4.8 36.75 ± 8.2
6 months 0.48 ± 0.22 13.38 ± 3.36 36.8 ± 7.9
12 months 0.5 ± 0.19 15.6 ± 14.7 38.5 ± 7.9

Table 3: Tricuspid regurgitant, right ventricular end-diastolic 
area/body surface area, and fractional area change pre– and post–
percutaneous pulmonary valve implantation.

Values are presented as mean ± standard deviation.

TRa: Tricuspid Regurgitant Jet Width; BSAb: Body Surface Area; 
RVEDAc: Right Ventricular RV end-diastolic Area; FACd: Fractional 
Area Change; PPVIe: Percutaneous Pulmonary Valve Implantation.

Figure 3: Fractional area change (mean ± standard deviation) pre- 
and post-percutaneous valve implantation (PPVI).

Discussion
This study has reported the results of the early-term (1-year) 

echocardiographic follow-up of 57 children, adolescents, and 
adults who had undergone PPVI treatment for RVOT dysfunction. 
Therefore, this study has been conducted on subjects belonging to 
a heterogeneous age set. Moreover, PPVI was demonstrated to be 
an effective and safe treatment for the amelioration of RVOT dys-
function. This non-surgical approach to treat RVOT dysfunctions 
that arise as a result of congenital heart defects is seen to be a suit-
able alternative to current surgical reconstructive modalities that 
incorporate the use of transannular patches, bioprosthetic valves, 
and valved conduits.

The use of PPVI has led to a significant relief of RV outflow ob-
struction and the near-elimination of regurgitation. The longev-
ity of the hemodynamic improvements is a critical aspect in the 
determination of the impact of this therapy in the clinical course. 
Therefore, an echocardiographic follow-up was conducted, which 
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showed that there was a sustained reduction in the RVOT gradients 
and PR, thereby eliminating the risk of pressure and volume over-
load. However, tricuspid valve severity, indexed RVEDA/BSA, and 
RV function (FAC) did not demonstrate a significant level of change, 
and only minimal improvement was noted in these parameters. 
Therefore, longer-term follow-up studies should be conducted to 
investigate these parameters further. The sustained elimination 
of progression requires follow-up studies that explore the longer-
term effect on these parameters.

This study has some limitations. Although this study has report-
ed the immediate benefits of PPVI through the conduction of an ear-
ly term follow-up, longer-term follow-up studies can be conducted 
to determine the longevity of the percutaneous values as compared 
with surgical interventions. Additionally, this study incorporated 
subjects that were heterogeneous in terms of their obtained diag-
nosis and RVOT morphologies, which meant that the subjects were 
heterogeneous in terms of their diagnosis and RVOT morphology 
and thus were not categorized. Moreover, the subjects chosen be-
longed to a rather heterogeneous age set, with many different age 
groups. Therefore, studies need to be conducted on a larger sample 
pool to completely ascertain the effectiveness of PPVI treatment in 
the amelioration of RVOT dysfunction. Furthermore, due to the ret-
rospective nature of the study, a few supplementary patients either 
missed the echocardiographic follow-up sessions or did not have 
the echocardiograms at a time interval that matched the criteria 
of the study proposal. It is to be noted that only one patient was 
excluded due to excessive shadowing from the prosthetic valve pre-
cluding an adequate echocardiographic RV functional assessment.

Conclusion
The echocardiographic data mentioned details pertaining to 

the heterogeneous subject group that had undergone PPVI treat-
ment at a single center for the management of RVOT obstruction 
and/or PR. This patient group was heterogeneous on the basis of 
their ages, obtained diagnoses, and RVOT morphologies. The study 
depicted the immediate short-term echocardiographic benefits of 
PPVI during early-term (1-year) follow-up. As discussed previous-
ly, the results obtained were indicative of a significant relief in the 
RV outflow obstruction and the near-elimination of regurgitation. 
However, longer-term follow-up studies are required to ascertain 
the sustained benefits and longevity of this modality of manage-
ment. 
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