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Abstract

Pulmonary percutaneous valve implantation (PPVI) is feasible with satisfactory mid-term

results in patients with native right ventricular outflow tract (RVOT) and has been increas-

ingly used instead of surgically implantable pulmonary valves. Creating a stable landing

zone with a diameter less than the largest commercially available valve (previously avail-

able 29 mm and currently available 32 mm) is crucial for technical success of the proce-

dure, limiting the number of suitable candidates for PPVI. We report the case of PPVI

with a 32 mm Myval transcatheter heart valve in a patient with a large native RVOT

(pre-stented with AndraStent XXL mounted on a 35 � 60 mm valve balloon catheter)

lesion who had Tetralogy of Fallot surgically corrected. The post-procedural outcomes of

this case were satisfactory with no complications reported during the hospital stay.
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1 | INTRODUCTION

The progression of technology, in order to extend pulmonary percuta-

neous valve implantation (PPVI) possibilities, led to the evolution and

designing of different kinds of prostheses. This resulted in a shift from

exclusivity of initial treatment with PPVI of patients with dysfunc-

tional conduits to an approach that extended PPVI to patients with

large native right ventricular outflow tract (RVOT).1 Nevertheless, it is

still challenging for structural interventionists to perform PPVI in

patients with large native RVOT lesions and hemodynamically signifi-

cant pulmonary regurgitation (PR), since in most of the patients the

native RVOT is large and distensible for stable balloon-expandable

valve positioning.2

We report our experience of initial in vitro bench testing to evalu-

ate the possibility of oversizing the newer-generation tri-leaflet

balloon-expandable (BE) Myval™ THV (Meril Life Sciences Pvt. Ltd.,

India) (Figure 1(A)) and the successful case of PPVI using 32 mm

Myval THV in a patient with large native RVOT (pre-stented with a

35 mm balloon catheter) lesion who has Tetralogy of Fallot (TOF)

surgically corrected. Myval THV is a CE marked device for trans-

catheter aortic valve implantation that has a unique design described

earlier3 and provides a wide-size matrix with unique intermediate

(21.5, 24.5 and 27.5 mm) and extra-large sizes (30.5 and 32 mm) in

addition to the conventional sizes (20, 23, 26 and 29 mm).

Myval THV is recommended to be directly crimped on the novel

and specially designed hi-flex, over-the-wire Navigator™ THV delivery

system (Meril Life Sciences Pvt. Ltd., India) (Figure 1(C)) prior to inser-

tion within the vessel; on the contrary, the commercially available

Sapien THV series is recommended to be crimped proximal to the bal-

loon. The novel design geometry of Navigator THV delivery system

on crimping gives rise to a unique alternating dark–light band-like pat-

tern (under fluoroscopy) in absence of the parallax of the THV frame

which allows precise positioning, placement and deployment of the

THV (Figure 1(B)). Additionally, the delivery system allows flexion of

the distal catheter system which facilitates navigation through the

RVOT (Figure 1(C)). Furthermore, balloon expansion is configured to a

dog-bone shape that stabilizes the valve during deployment and

ensuring the precise placement (Figure 1(D)).
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1.1 | Experimental model

Silicon cylinders of different diameters were designed and 3D

printed using Fused Deposition Modeling WITBOX 2 printer

(Mundo Reader, Madrid, Spain). FilaFlex 70A “Ultra-Soft”, a

polyurethane-based thermoplastic elastomer (TPE) elastic filament

with properties comparable to silicone, was used as this material

has properties similar to those of arteries, making the model com-

pliant to mimic the structural characteristics of a native RVOT. The

32 mm Myval THV was deployed into the FilaFlex 70A cylinders of

various diameters (33, 34 and 35 mm) to evaluate the degree of

THV oversizing (OS). Percentage of OS was calculated using the

following formula: %OS = 100 � [(ARVOT�ATHV)/ATHV], where

ARVOT is the cross-sectional area of the RVOT lumen and ATHV

F IGURE 1 (A) Design of the Myval THV. The device is characterized by a nickel-cobalt alloy frame which is composed of a single design
element—hexagons. The valve construction material is decellularised bovine pericardium tissue, which receives an anticalcification treatment and

is crafted into a trileaflet valve, fixed at three equipoise vertical commissural posts (separated by 120�) on the metal frame. The lower closed cell
part of the valve frame is covered externally with a protective sealing cuff of polyethylene terephthalate (PET) to form an external buffing.
(B) Hybrid honeycomb design that allows 53% of the frame to have large open cells toward the vascular end and 47% to have closed cells with
higher annular radial force toward the ventricular end. (C) Navigator™ balloon catheter system. (D) The stoppers prevent inadvertent migration of
the valve and ensure there is no risk of valve dislodgement (embolization) during entry through the sheath or while negotiating the loaded
delivery system across the right ventricular outflow tract (RVOT). The Myval THV is recommended to be crimped on its novel specially designed
hi-flex, over-the-wire Navigator™ balloon catheter system (Meril Life Sciences Pvt. Ltd.) prior to insertion within the vessel. (E) 32 mm Myval
THV. Percentage of oversizing (% OS) in the experimental model. A = area, d = diameter [Color figure can be viewed at wileyonlinelibrary.com]
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is the cross-sectional area of the THV calculated from the label

size of the THV (804 mm2) (Figure 1(E)).

THV was crimped onto the dedicated balloon catheter system

and was deployed by balloon inflation within the FilaFlex 70A cylin-

der under fluoroscopy. The stent was expanded to nominal size and

impacted in the 3D models by adding 4, 6 and 8 mL extra volume to

reach 33, 34 and 35 mm maximum diameter (Figure 2, Supporting

Information, Video S1). After deployment, satisfactory configuration

and stability of the implanted valve were recorded, and there was

no leaflet distortion or faulty expansion. Suboptimal leaflet coapta-

tion or significant transvalvular regurgitation were ruled out by

fluoroscopy.

2 | CASE PRESENTATION

An 18-year-old male, who underwent total surgical correction of TOF

including transannular RVOT widening at 5 months of age and subse-

quently developed progressive right ventricle (RV) enlargement, was

admitted with severe PR and enlarged RV for PPVI. Cardiac MRI rev-

ealed: PR fraction: 48%; RV end-diastolic volume index: 152 mL/m2;

RV ejection fraction: 46%; minimum RVOT diameter: 24.5 mm;

maximum RVOT diameter: 28.8 mm. Pre-procedure New York Heart

Association (NYHA) functional class was II and maximal oxygen con-

sumption was 27.9 mL/kg/min. PPVI was planned with 32 mm Myval

THV in two separate procedures: (i) pre-stenting to provide an ade-

quate landing zone and (ii) valve implantation.

2.1 | Procedure

Under general anesthesia, venous access was obtained through the

right and left femoral vein. RVOT angiography showed: minimum sys-

tolic diameter: 28 mm (sagittal view); largest systolic diameter: 32 mm

(postero-anterior view); length of landing zone: 55 mm. Coronary and

aortic compression testing was done by contrast injection under fluo-

roscopy with inflated balloon technique, during sizing interrogation,

demonstrating favorable anatomy for uncomplicated PPVI. Finally,

balloon sizing interrogation of the RVOT was performed with a

NuMED NuCLEUS™ of 30 � 40 mm that was inflated with simulta-

neous RV angiography that showed no sign of complete RVOT occlu-

sion or any balloon indentation during maximum inflation (Figure 3

(A)). Based on experimental approach and to ensure an optimal

anchoring of the stent to the wall of the RVOT, RVOT was stented

with 48 mm long AndraStent XXL (AndraMed GmbH, Germany)

mounted on a 35 � 60 mm balloon catheter (Balton, Poland) with

good adaptation along the entire length of the stent with the inner

wall of RVOT (Figure 3(B), Video S1).

Before the second procedure, the hospital's Institutional Review

Board's approval and patient's consent were acquired for PPVI with

32 mm Myval THV.

Three months later, we proceeded with PPVI on the patient. The

minimum (sagittal view) and maximum (postero-anterior view) diame-

ters of the desired landing zone were 31.25 mm and 37.67 mm,

respectively. On measuring the perimeter of the RVOT ellipse, the cir-

cular diameter was found to be 34.5 mm (Figure 3(B)).

F IGURE 2 Experimental model: Deployment of the crimped 32 mm Myval THV by balloon inflation within the silicon-RVOT (right ventricular
outflow tract). The stent expanded to nominal size (40 mL volume), and impacted in the simulated RVOT lumen, adding 8 mL extra-volume, to
reach 35 mm maximum diameter, controlled by fluoroscopy and under fluid [Color figure can be viewed at wileyonlinelibrary.com]
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Through Lunderquist Extra-Stiff wire (Cook Medical, USA) positioned

distally in the right pulmonary artery, a 26Fr GORE® DrySeal sheath

(WL Gore and Associates, US) was advanced into RVOT beyond the pre-

viously implanted stent. Myval THV 32 mm crimped on Navigator deliv-

ery system was inserted in the target RVOT area and positioned carefully.

The valve was deployed at the target area by adding 8 mL extra-volume

for the nominal balloon configuration, as was proven in the experimental

model, to reach 35 mm (Figure 3(C), Video S1). Pulmonary artery angio-

gram showed no significant PR and three-dimensional transesophageal

echocardiography showed good valve coaptation. The patient was dis-

charged after 3 days of valve implantation.

Follow-up at 3, 6 and 12 months post-PPVI with echocardiogra-

phy control demonstrating good valve function without regurgitation

or significant gradient (Videos S2 and S3).

3 | DISCUSSION

Our study reports a successful case of PPVI in a patient with large

(> 34 mm) pre-stented native RVOT who had a history of TOF repair

using the 32 mmMyval THV. Although the use of Myval THV in PPVI has

already been reported,4 this is a report of PPVI with 32 mmMyval THV in

large pre-stented native RVOT. The PPVI procedure in native RVOT is

often associated with the risk of prosthesis dislodgement during the pro-

cedure. Different reports have shown success in the deployment of a THV

in native RVOT.5 Some of the risk factors associated with PPVI in native

RVOT may be attributed to improper sizing of the bioprosthesis due to

the unavailability of large-size THVs at that time. The availability of valves

of various sizes and specifications for the pulmonary position extended

the application of PPVI to patients having larger RVOT diameters.6,7

F IGURE 3 a: Main angiogram on sagittal view. (A) Measurements of native right ventricular outflow tract (RVOT) (maximum diameter,
minimum diameter and length). (B) Balloon sizing interrogation with 30 mm NuMED NuCLEUS™ balloon catheter showing no complete RVOT
occlusion (arrow). (C) Pre-stenting with a 48 mm length Andrastent XXL mounted on 35 mm Valver balloon catheter. b: Main PA and sagittal view
after pre-stenting showing the final diameters of the RVOT, and the selected landing zone for PPVI. c: (A) Elliptical shape of the pre-stent
implanted on the RVOT. (B) Valve implantation through 26 Fr DrySeal sheath. (C) Circular shape after valve deployment, with good adaptation to
RVOT wall. (D) Normal valve coaptation, without regurgitation [Color figure can be viewed at wileyonlinelibrary.com]
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However, still the unavailability of choices for larger valves is a limiting fac-

tor.8 Until now, if balloon waist or complete RVOT occlusion are not

reached with a 30 mm balloon completely inflated, PPVI cannot be per-

formed, and unfortunately, the patient may require to undergo surgery.1

Earlier, Sapien3 valve provided the possibility of oversizing up to

31 mm,9 still there are clinical settings that require a larger valve. The

recent development of a self-expandable (SE) system for PPVI namely

Pulsta TPV (Taewoong Medical, South Korea) and Venus p-valve

(Venus MedTech, Shanghai, China) aimed to resolve the unmet clinical

need for larger valve-stent for stable valve position.2,10,11 Similarly,

the recent development of an anchoring adaptor for the 29 mm

Edwards Sapien3 within native RVOT, Alterra Adaptive Prestent, has

also addressed this need.12 Recently, the 3-year outcomes of the Har-

mony transcatheter pulmonary valve in patients of repaired RVOT,

displayed the feasibility of the device as evidenced by the absence of

moderate or severe paravalvular leak and late stent fracture.13 Results

from previous studies highlight the benefits of PPVI in patient's lives

and encourage the development of more such devices.

The advent of new devices, like Myval THV, with a larger valve

size (32 mm) can further widen the available options for this novel

treatment. Additionally, Myval THV delivery system allows flexion of

the distal catheter system which facilitates trauma-free negotiation

across the RVOT, that added to the use of the 65-cm-long DrySeal™

sheath (WL Gore and Associates, US) leads to faster and safer valve

implantation reducing the potential procedural complications.1,14 Fur-

thermore, because of the elastic properties of the central PA and the

elliptical shape of the RVOT, a BE-THV could be more appropriate

than SE-THV to predict the desired target diameter, when the final

RVOT shape after deployment is circular (Figure 3).15

4 | CONCLUSION

Our results demonstrate the first report of the feasibility of successfully

implanting a 32 mm BE-THV in a patient with a large pre-stented native

RVOT lesion (up to 34 mm) without any procedural complications. The

upcoming new device technology (valves and delivery systems) could facil-

itate and extend PPVI in conduit-free “native” RVOT. Future studies with

a larger number of patients can further establish the safety and effective-

ness of this novel BE-THV for the treatment of large native RVOT lesions.
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