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Abstract
Right ventricular outflow tract (RVOT) obstruction is present in a variety of 
congenital heart disease states including tetralogy of Fallot, pulmonary 
atresia/stenosis and other conotruncal abnormalities etc. After surgical repair, 
these patients develop RVOT residual abnormalities of pulmonic stenosis and/or 
insufficiency of their native outflow tract or right ventricle to pulmonary artery 
conduit. There are also sequelae of other surgeries like the Ross operation for 
aortic valve disease that lead to right ventricle to pulmonary artery conduit 
dysfunction. Surgical pulmonic valve replacement (SPVR) has been the mainstay 
for these patients and is considered standard of care. Transcatheter pulmonic 
valve implantation (TPVI) was first reported in 2000 and has made strides as a 
comparable alternative to SPVR, being approved in the United States in 2010. We 
provide a comprehensive review in this space–indications for TPVI, detailed 
procedural facets and up-to-date review of the literature regarding outcomes of 
TPVI. TPVI has been shown to have favorable medium-term outcomes free of re-
interventions especially after the adoption of the practice of pre-stenting the 
RVOT. Procedural mortality and complications are uncommon. With more 
experience, recognition of risk of dreaded outcomes like coronary compression 
has improved. Also, conduit rupture is increasingly being managed with 
transcatheter tools. Questions over endocarditis risk still prevail in the TPVI 
population. Head-to-head comparisons to SPVR are still limited but available data 
suggests equivalence. We also discuss newer valve technologies that have limited 
data currently and may have more applicability for treatment of native dysfunc-
tional RVOT substrates.
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Core Tip: As patients with congenital heart defects continue to survive well into adult 
life, right ventricular function preservation and management of the right ventricular 
outflow tract has become increasingly important and sophisticated. As an alternative to 
surgical pulmonary valve replacement (PVR), the advent of transcatheter pulmonic 
valve therapy has offered a less invasive approach for many patients. Improved 
techniques and technologies have rapidly expanded its use in increasingly complex 
anatomy. In this review we summarize the indications for PVR, transcatheter pulmonic 
valve implantation techniques, clinical outcomes and also future directions of this 
treatment.
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INTRODUCTION
Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart disease 
occurring in approximately 3 per 10000 live births[1]. This defect is comprised of the 
following four components: Ventricular septal defect (VSD), aortic override, right 
ventricular hypertrophy, and right ventricular outflow tract (OT) obstruction in the 
form of infundibular stenosis/pulmonary valve stenosis/pulmonary artery stenosis. 
Correction of this heart defect involves patch closure of the VSD and relief of the right 
ventricular outflow tract (RVOT) obstruction. The end result uniformly leaves the 
patient with residual OT dysfunction with some form of pulmonic stenosis (PS)[2] 
and/or pulmonary valve insufficiency (PI) leading to deleterious effects over the long-
term[3,4]. The chronic effects of pressure and volume loading on the right ventricular 
(RV) ultimately lead to symptomatic ventricular dysfunction and arrhythmia[2,3].

While TOF is the stereotypic diagnosis for the management of residual RVOT 
disease, other congenital heart defects are managed similarly. Conotruncal defects 
such as truncus arteriosus, d-transposition of the great arteries with a VSD and 
pulmonary stenosis, double outlet right ventricle can be repaired with a VSD closure 
to the aortic valve and placement of a RV to pulmonary artery conduit. Another 
common example is the Ross operation for aortic valve stenosis which leaves the 
patient with a reconstructed RV to pulmonary artery connection. These surgically 
reconstructed outflows all universally fail over time leading to the same long-term 
deleterious effect on the RV.

Until recently, surgical pulmonic valve replacement (SPVR) was utilized universally 
for pulmonary valve replacement (PVR) and relief of RVOT dysfunction. In 2000, 
Bonhoeffer et al[5] implanted the first transcatheter valve into a human[5]. This led to 
the development of Melody Transcatheter Pulmonary Valve (Medtronic Inc, 
Minneapolis, MN), receiving Humanitarian Device Exemption (HDE) Food and Drug 
approval (FDA) for commercial use in dysfunctional RV to pulmonary conduits in the 
United States in 2010. Subsequent studies allowed for approval of the Sapien XT valve 
(Edwards Lifesciences LLC, Irvine, California) as transcatheter PVR in failed RV to 
pulmonary conduits[6].

In the following review we will review the indications for transcatheter pulmonic 
valve implantation (TPVI), discuss procedural considerations, techniques, outcomes as 
well as future considerations.

INDICATIONS FOR INTERVENTION
The indications for PVR, especially via transcatheter means are gradually evolving. 
Most clinical societies agree with need for PVR in symptomatic patients in the TOF 
spectrum with moderate to severe PS or PI (Table 1). However, the question of 
asymptomatic PI persists. The deleterious effects of progressive RV dilation with 
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Table 1 Comparison of American College of Cardiology/American Heart Association and European Society of Cardiology guidelines for 
pulmonic valve placement

Recommendation Level of evidence
Indication

ACC/AHA 2018 ESC 2010 ACC/AHA 2018 ESC 2010

Symptomatic with moderate/severe PR I I B C

Asymptomatic with moderate/severe PR and RV dilation IIa IIa B C

Asymptomatic with moderate/severe PR and ventricular 
arrhythmias

IIb IIa C C

ACC: American College of Cardiology; AHA: American Heart Association; ESC: European Society of Cardiology; PR: Pulmonary regurgitation; RV: Right 
ventricle

respect to increased mortality are well known, however it has not been convincingly 
proven that SPVR improves mortality or the incidence of ventricular arrhythmias[7]. 
There have been multiple studies to investigate what threshold of RV dilation should 
be used to pursue PVR in an asymptomatic patient which allows a reasonable chance 
of reversal of structural abnormalities[8]. However, surgical PVR for asymptomatic 
patients with lesser degrees of RV dilation has also been shown to increase chances of 
heart failure, atrial arrhythmias or ventricular tachycardia[9]. Thus, the need to 
balance the deleterious effects of progressive RV dilation with those of repeated 
operations and cardiopulmonary bypass need to be weighed together. With the 
increase in use of TPVI, the latter can be circumvented and with solutions for native 
RVOT also on horizon, it is likely that more asymptomatic patients may benefit from 
the procedure. Currently, generally accepted indications for TPVI in asymptomatic 
patients are the following[3]: (1) RV indexed end diastolic volume > 160 mL/m2 or RV 
indexed end systolic volume > 80 mL/m2; (2) RV end diastolic volume > 2 times of left 
ventricular end diastolic volume; (3) Significant RV dysfunction (RV ejection fraction < 
45%); (4) Progressive tricuspid regurgitation in the setting of a dilated RV; and (5) 
Ventricular arrhythmias with a dilated RV.

PROCEDURE
Generally multidisciplinary discussion with different cardiology subspecialties (almost 
always with adult congenital specialists), congenital cardiac surgery and cardiac 
anesthesia is recommended to determine best strategy for each individual patient. 
Multi-modality imaging review and good understanding of prior operations is 
essential. It is of vital importance to understand the nominal size of RV to pulmonary 
artery conduits and bioprosthetic pulmonary valves as well as any known coronary 
artery anomalies.

General anesthesia is usually preferred[10]. Biplane fluoroscopy is most often 
employed to understand the RVOT and pulmonary artery anatomy in two views and 
requires patient positioning with the arms elevated in a non-stretched position to 
avoid brachial plexus injury[11]. Most patients have had multiple catheteriza-
tions/surgeries and may have unique vascular access considerations. While femoral 
venous access is often the first choice, the jugular (ideally right) can offer advantages 
for valve delivery as well for flexing of Edwards Sapien delivery systems[12].

Baseline data
A baseline right and left heart catheterization hemodynamic assessment is performed 
as well as RVOT, pulmonary artery, and aorta/coronary angiography. From this data, 
a plan for conduit rehabilitation and final balloon sizing is developed as well as 
ascertaining risk for conduit rupture and coronary artery compression. It also 
identifies other pulmonary artery stenosis that might need to be intervened upon 
during the procedure. After baseline data is obtained a stiff wire [Lunderquist Extra 
Stiff Guidewire (Cook Medical, Bloomington, IN), Amplatz Superstiff Guidewire 
(Boston Scientific, Boston, MA)] is positioned into the distal lower lobe of right or left 
pulmonary artery.
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Conduit preparation-balloon/stent
Many dysfunctional RVOTs involve significant conduit stenosis. This requires conduit 
rehabilitation and stenting to achieve acceptable post procedure RV pressure. Serial 
balloon dilation with high pressure balloon angioplasty is often necessary. This places 
the conduit at risk for rupture necessitating covered stent angioplasty with a 
Cheatham-platinum covered stent (Numed, Hopkinton, New York, United States) 
(Figure 1)[13]. Once assured that an adequate final diameter can be achieved, bare 
metal stent angioplasty with large bore hand mounted stainless-steel stents [Palmaz 
XL (Cordis, Milpitas, CA, United States), InstraStent Max LD (EV3, Plymouth, MN, 
United States)] are implanted. Because of stent fracture risk of the Melody valve, 
multiple stents might be necessary to avoid recoil and limit metal fatigue[14]. Ideally, 
for an adult, the final diameter of the conduit should be at least 20-22 mm, otherwise, a 
residual RVOT gradient will persist.

Coronary artery and aorta testing
Prior to initial stenting of the conduit, assessment for risk of coronary artery 
obstruction is necessary. A variety of coronary artery anomalies can be at risk 
including a left anterior descending from the right coronary artery, ostial stenosis, 
abnormal location secondary to reimplantation. Coronary artery testing is performed 
with either aortic root angiography and/or selective coronary angiography. This is 
performed with the Anteroposterior tube angled caudal to perform and “down the 
barrel” assessment (Figure 2). If the coronary artery flow is compromised during 
balloon testing, this is considered a contraindication to proceeding with stent or PVI. 
While less commonly a problem, aortic root distortion causing aortic valve insuffi-
ciency has also been demonstrated[15].

Valve implant
Once the conduit is adequately prepared-the Melody valve is hand crimped onto the 
balloon Ensemble system (Medtronic, Minneapolis, MN, United States) (Figure 3). 
Balloons range from 18-22 mm and there are descriptions of maintained valve 
competency even when mounted on a 24 mm balloon[16]. The outer diameter of the 
valve is approximately 2 mm larger than the balloon diameter. The Edwards XT valve 
is crimped onto the Novaflex delivery system using the proprietary process (Figure 4).

After delivery system preparation, the delivery system is advanced into the 
appropriate position. Numerous techniques can be used to aid in delivery system 
advancement such as balloon assisted or a buddy wire methods[17]. Secondary to the 
stiffness of the delivery system, Edwards Sapien XT valve is more difficult to pass into 
the OT. Use of the Sapien S3 and the smaller delivery system is more amenable to 
traversing the RVOT. Use of the Edwards XT or Sapien S3 through a long (65 cm) large 
bore Gore sheath (Flagstaff, AZ) into position has mitigated some of the difficulty[18]. 
While the valve implant is typically stable, rapid pacing at 140-160 beats per minute 
can be performed to aid in valve positioning. Following valve implant, post implant 
hemodynamic data are obtained, and an angiogram is performed to evaluate for 
perivalvar leak and valve competence. Some have advocated for intracardiac echocar-
diogram imaging post implant to evaluate the implant and have a reference for the 
future[19]. Typically for hemostasis post procedure a figure of 8 stitch is sufficient[20].

Special considerations–valve in valve
Valve in bioprosthetic valve implantation tends to be a less complex procedure. The 
risk of coronary compression is less as the valve cannot be over-expanded at low 
pressure, and generally there is no need to pre-stent unless there is significant conduit 
stenosis separate from the valve. The type and size of bioprosthetic valve is of utmost 
importance as the inner diameter dictates the size of transcatheter valve. Many 
descriptions of valve fracture exist, expanding the valve to the size or just larger of the 
outer diameter with a high pressure True balloon (Atlas, Atlas Gold, or True Balloon, 
Bard Peripheral Vascular, Inc, Tempe, AZ) (Figure 5)[21]. This avoids future deve-
lopment of valve patient size mismatch. In the pulmonary system, fracture can be 
safely performed prior to valve implantation. One must be mindful of the coronary 
artery anatomy when considering valve fracture.

Special consideration–native OT
The OT after transannular patch repair for TOF can be quite complex. Many times, it 
lacks a tubular landing zone and can have a funnel shape from the RV out to the 
pulmonary arteries. However, some native OTs have anatomy suitable for currently 
available valve to be used off-label. Balloon sizing with a large diameter (> 35 mm) 
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Figure 1 Covered Cheatham Platinum stent placement after conduit disruption. 23 years old patient with truncus arteriosus status post 
repair with a 20 mm homograft. A: With high pressure dilation at 22 mm, disruption of wall of conduit is noted (orange arrow) but contained; B: Covered 
Cheatham Platinum stent placed with resolution of the extravasation.

Figure 2 Tetralogy of Fallot full repair with 20 mm homograft. 28-year-old with tetralogy of Fallot status post repair with 20 mm homograft. A: Left anterior 
descending (LAD) arise from the right coronary coursing around the homograft. With inflation of a 22 mm balloon, the mid LAD is compressed; B: The coronary flow 
returns back to baseline upon balloon deflation.

compliant balloon can identify a suitable landing zone for a balloon expandable stent. 
In appropriate anatomic arrangements, this is reported with good short- and long-
term success (Figure 6)[22]. Valve implant into one or both of the proximal branch 
pulmonary arteries has also been shown to be effective in reducing the degree of 
PI[23].

The Medtronic Harmony Valve (Minneapolis, MN, United States) (Figure 7) is a 
self-expanding valve that can be used in native OT after three-dimensional sizing data 
has been obtained. Similarly, the Alterra pre-stent (Edwards Lifesciences LLC, Irvine, 
California) (Figure 8) allows for creation of a landing zone to allow for implantation of 
a 29 Sapien S3 valve. Both are currently under investigation at the time of writing this 
review[24,25].

AVAILABLE AND UPCOMING VALVE SYSTEMS
The Melody valve (Medtronic Inc, Minneapolis, MN, United States) traces its origins to 
the implantation of an 18 mm bovine jugular vein mounted on a platinum stent in a 12 
year old patient with conduit failure by Bonhoeffer et at[5]. In its current iteration, the 
Melody valve is a bovine jugular vein sutured inside of a Platinum Iridium stent, 
available in two sizes – 20 and 22 mm. The two sizes use 16 and 18 mm vein segments 
intended to be expanded up to 20 and 22 mm respectively. The valve is delivered via 
the Medtronic Ensemble delivery system which utilizes a “balloon-in-balloon” 
(NuMED Inc, Hopkinton, NY, United States). The delivery system is 22F and is 
available in 18, 20, and 22 mm sizes.
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Figure 3 Melody transcatheter pulmonic valve. A: En-face view of Melody transcatheter pulmonic valve; B: Melody valve Ensemble with loaded valve 
demonstrating the two-stage balloon-in-balloon inflation (Reproduced with permission from Medtronic, Inc, Minneapolis, MN, United States); C: Angiogram after 
placement of a stainless steel pre-stent; D: 20 mm Melody valve in Antero-posterior and lateral projections.

Figure 4 Edwards Sapien XTTM. A: Edwards Sapien XTTM valve (Reproduced with permission of Edwards Lifesciences LLC, Irvine, CA, United States); B: 
Angiogram after placement of a 23 mm Edwards Sapien XTTM valve in a Contegra conduit stented with a stainless-steel stent up dilated up to 22 mm.

Experience from European centers with the Melody valve predates use in the 
United States–Lurz et al[26] reported their series of 155 implants with an excellent 
success rate of 96.7%, freedom from reoperation rates of 70% after 70 mo and lower re-
operation rates with increasing familiarity/expertise with the valve system[26]. The 
United States Investigational Device Exemption trial reported its medium to long term 
results in 2015 enrolling a total of 171 patients with 148 successful implants and a re-
intervention free rate of 76% at 5 years[27]. The Melody valve received Conformitè 
Europëenne Mark approval in 2006; the FDA granted HDE approval in 2010 and full 
post market approval in 2015. The United States post market approval study had 100 
implants with 98% success rate and a 98% rate of freedom from catheter/surgical re-
intervention[28].

The Edwards Sapien XT (Edwards Lifesciences, Irvine, CA, United States) 
transcatheter heart valve (THV) was approved by the FDA for use in the pulmonic 
position in 2016 (Figure 4). The valve is made of bovine pericardial tissue and 
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Figure 5 Transcatheter valve in valve with valve fracture: 21 years old with congenital pulmonary stenosis with a prior dysfunctional 21 
mm Edwards MagnaTM valve- 22 mm. A: Atlas balloon inflated to 20 ATM fractured the valve ring (orange arrow); B: placement of 22 mm Melody valve.

Figure 6 Native transcatheter pulmonary valve implantation. A and B: 46 years old with prior surgical pulmonary valvotomy as a child presenting with 
severe insufficiency (A), balloon sizing performed with 40 mm Numed sizing balloon demonstrated a narrowed landing zone of 27 mm (B); C: Native implant with a 29 
mm Sapien 3TM valve was feasible through a 26 F 65 cm Gore DrySeal sheath; D: Edwards Sapien 3TM valve (reproduced with permission from Edwards Lifesciences 
LLC, Irvine, CA, United States).

mounted on a cobalt chromium stent with a fabric skirt on the outside lower part of 
the stent to minimize perivalvular regurgitation. The valve sizes are 23, 26 and 29 mm 
and delivered via the Edwards Novaflex delivery system. The COMPASSION clinical 
trial enrolled 81 patients and implanted the Sapien XT THV in 69 with a 93.7% 
freedom from re-intervention at 3 years[6]. There are ongoing clinical trials, for post 
market approval surveillance of the use of this valve and also for the evaluation of the 
Edwards Sapien 3 THV (Figure 4). The Sapien 3 expands the valve sizes with a 20 mm 
option–the Commander valve delivery system is also believed to be better suited for 
delivery into the RVOT. Data from a series of 56 patients from Germany suggests 
excellent procedural success and no reinterventions were needed up to 2 years of 
follow up[29].
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Figure 7 Medtronic Harmony transcatheter pulmonic valve (Reproduced with permission from Medtronic, Inc, Minneapolis, MN, United 
States).

Figure 8 Edwards native outflow tract prestent. A: Alterra Adaptive PrestentTM; B: Edwards Sapien 3TM valve implanted inside the Alterra prestent 
(Reproduced with permission from Edwards Lifesciences LLC, Irvine, CA, United States).

The venus P valve (Venus Medtech, Hangzhou, China) is a newer generation valve 
using porcine pericardium leaflets mounted inside the middle segment of a self-
expanding nitinol stent. The middle segment measures 22-36 mm in diameter and 20-
35 mm in length. The proximal and distal ends are flared to provide an hourglass 
shape that helps with anchoring in the RVOT and main pulmonary artery. The 
delivery system consists of a 19-24F capsule which houses the crimped stent valve and 
a 15F shaft. This system is designed keeping in mind the unmet need of treating PI in 
native RVOT which in most circumstances sizes out of approved valve systems’ range 
in adults. Multiple small series report favorable outcomes with the venus P valve–in a 
38-patient retrospective multi center report, 37 implantations were successful; 1 patient 
subsequently required surgical repositioning. With a median follow up of 25 mo, no 
significant valve dysfunction was reported. Stent fractures were reported in 27% 
patients but the significance of those with this valve system is not yet known[30].

Another valve system with a similar concept is the Pulsta valve (TaeWoong Medical 
Co, Gyeonggi-do, South Korea). It also has a knitted double strand Nitinol wire frame 
which is self-expanding with treated porcine pericardial tissue leaflets sutured on. The 
valve is available in 18-28 mm sizes (2 mm increments). The length of the stent frame is 
28-38 mm depending on the valve size and the ends are flared 4 mm wider than the 
outer diameter for anchoring. The diameter of the “valve loading zone” is 18F while 
the shaft of the delivery system is 12F in caliber. There is a “hook block” to minimize 
chances of abrupt delivery and migration. In a Korean feasibility study, ten TOF 
patients with PR were treated with the Pulsta valve–five with 26 mm and other five 
with 28 mm valve. There were no major complications with all 10 implants showing 
good valve function and significant reduction in RV volumes[31].
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OUTCOMES OF TPVI
Procedural success and complications
With growing experience, procedural success has improved remarkably–in a prior 
meta-analysis, we reported a success rate of 96.2% using observational reports, which 
is consistent with the 98% success rate reported in the Melody United States post 
market approval surveillance study[28,32]. The most dreaded complications for TPVI 
are conduit rupture and coronary compression. Conduit rupture is estimated in about 
4.1% patients–more so in homografts[32,33]. In recent years, the practice of performing 
TPVI off label in conduits sized < 16 mm has increased, and the rate of conduit rupture 
is much more in this population. Varied estimates from 16% to 50% have been 
reported-however most of these ruptures are limited and can usually be managed with 
a covered stent implant[34,35].

Coronary compression was reported more frequently in the earlier TPVI experience 
and led to procedural mortality. In our pooled analysis of 1044 attempted TPVI, there 
were a total of five coronary complications. There were only two deaths in elective 
cases, and both were attributed to coronary compression[32]. However, with more 
experience and careful testing prior to stent/valve implant, these have become 
extremely rare. In the United States post market approval study, only 1 out of 100 
implants had coronary compression was reported which required conversion to 
surgery. Five other patients out of the originally considered 120 patients had evidence 
of coronary compression on balloon testing[28]. It should especially be noted that 
anomalous origin of coronaries especially left coronary artery arising from the right 
cusp is a strong predictor of coronary compression[36].

Re-interventions
The issue of needing frequent re-interventions or re-operations has largely been 
deemed secondary to stent fractures of the Melody valve and the rates for same have 
vastly improved since the adoption of pre-stenting. The United States Investigational 
Device Exemption trial for example had only 10% pre-stenting in the first tertile of the 
study and reported a freedom from re-intervention rate of 76% after 5 years. The other 
factors leading to re-interventions were found to be implant in a homograft, a higher 
post implant gradient (> 25 mmHg) and pre-existing significant tricuspid regurgi-
tation[27]. Conversely, in a French registry study with 96.9% pre-stenting only 3/62 
(4.8%) patients needed re-operation for conduit re-stenosis at a median follow up of 
4.6 years[37]. The other common cause for re-operation is endocarditis, which is 
discussed separately. The issue of re-operation/intervention has not been adequately 
answered for the Edwards Sapien THV because of smaller number of studies. The 
COMPASSION trial reported a freedom from re-intervention rate of 93.7% after 3 
years with seven re-interventions in four patients[6].

Endocarditis
Endocarditis/blood stream infection has been described as a late complication after 
TPVI. There have been variable reports of endocarditis after Melody and Sapien valve 
implants, more for the former. McElhinney et al[38] used three patient cohorts in North 
America and Europe with a cumulative sample of 309 patients and a follow up of 5.1 
years–Endocarditis was diagnosed in 46 patients with TPV related endocarditis 
occurring in 35 patients[38]. Median time to endocarditis was 3.1 years. At 5 years, 
89% patients were free of endocarditis. However widely variable reports of endo-
carditis rates exist-Abdelghani et al[39] in their systematic review reported cumulative 
incidence ranging from 3.2%-25% with the median time from TPVI to onset of 
endocarditis being 18 mo[39]. 79% of these patients had evidence of RVOT obstruction 
with vegetations detected in 34% cases. They also did a patient level pooled analysis 
from 69 case reports, 8.7% patients died and 52% required surgical or transcatheter re-
intervention. Less data exists for Edwards Sapien THV–97.1% freedom from 
endocarditis was reported in the COMPASSION study at 3 years[6]. There are also 
multiple reports with no endocarditis in the medium term after TPVI with Sapien 
THV. In a French cohort of 79 patients with a median follow up of 1.8 years, 8/32 
Melody valve patients developed endocarditis compared to none for the 47 Sapien XT 
THV[40].

It is also interesting to note that there are differences in endocarditis rates amongst 
surgical PVR recipients–rates are much higher in patients receiving bovine jugular 
vein conduits as compared to homografts–20.4% vs 2.4%[41].



Law MA et al. Transcatheter pulmonic valve implantation

WJC https://www.wjgnet.com 126 May 26, 2021 Volume 13 Issue 5

Comparison to surgical PVR
Very few head-to-head comparisons of SPVR and TPVI exist. Caughron et al[42] 
reported a study of 66 patients (SPVR 36; TPVI 30) and found no differences in 
mortality, cardiovascular re-admissions or repeat interventions in the two groups[42]. 
A recent meta-analysis of 1132 TPVI and 4939 SPVR patients also did not show any 
difference in mortality or repeat interventions. However, there were fewer procedure 
related complications and higher rate of endocarditis with TPVI[43]. A study using the 
Nationwide Inpatient Sample database also suggested the same–comparing an 
estimated 8449 SPVR and 555 TPVI admissions, it showed a higher in-hospital 
mortality with SPVR along with other iatrogenic cardiac complications. Also, TPVI 
predictably had less hospital length of stay decreasing the impact on societal loss of 
wages for patients/care givers[44].

CONCLUSION
TPVI has dramatically evolved over that past decade and has become a common 
procedure to manage many patients with dysfunctional RVOT. The short and midterm 
results are overall quite favorable with a low and acceptable morbidity and mortality. 
Ideally in the future, smaller and more flexible delivery systems will be developed. 
With native OTs, intervention becomes quite appealing if a new valve can be placed 
inside indefinitely thus avoiding surgery except for at the time of initial repair. As all 
the existing valves have been implanted for a short time with limited follow up, future 
data is necessary to understand their overall longevity and types of valve failure. 
Furthermore, as many patients have smaller and stenotic conduits even in a growing 
child, adoption of new surgical techniques to allow for further expansion of small and 
stenotic conduits could be of significant clinical benefit.
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