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Sequential Transcatheter Valve-in-Valve-in-Valve
Implantation Within a Degenerated Bio-Bentall
Conduitin a Patient with Marfan Syndrome

INTRODUCTION

The transcatheter aortic valve replacement (TAVR) journey, initiated in 2002,
evolved with the first successful Valve-in-Valve (ViV) cases in 2007."2 By 2014, ViV
TAVR became established in modern interventional cardiology.**Today, “valve-in-
valve" failures are now manifesting, givingrise to the necessity for Valve-in-Valve-
in-Valve (ViViV) interventions. This 38-year-old patient with Marfan syndrome
provides significant evidence to the literature regarding the technical feasibility,
device mechanics, and technical nuances within constrained graft anatomies of
multi-layered ViViV procedures.

CASE REPORT

A 38-year-old female with Marfan syndrome presented with a 2-month history
of progressive exertional dyspnea and significant functional limitation, corre-
sponding to New York Heart Association (NYHA) functional class Ill. Her medi-
cal history was notable for Marfan syndrome, which precipitated an ascending
aortic aneurysm and severe aortic regurgitation, treated in 2008 via a surgi-
cal Bentall procedure utilizing a 25 mm porcine bioprosthetic valved conduit.
Bioprosthesis was selected through shared decision-making to facilitate future
pregnancy planning and avoid lifelong anticoagulation. Over the following
asymptomatic years, she developed accelerated structural valve deterioration
(SVD) of the surgical prosthesis, which was managed in 2016 via an initial trans-
femoral ViV TAVR utilizing a 26 mm Portico self-expanding valve. There was no
historical evidence of infective endocarditis, valve thrombosis, or other major
chronic comorbidities.

Physical examination revealed a 3/ systolic—diastolic aortic murmur and bilat-
eral basal crackles on lung auscultation. Other systemic examinations were
unremarkable, and vital signs were stable. Laboratory results were unremark-
able except for a B-type natriuretic peptide of 12119 pg/mL. Transthoracic
echocardiography (TTE) showed preserved ejection fraction (60%) but severe
prosthesis obstruction (peak/mean gradient: 8146 mm Hg; valve area: 0.7 cmz).
Transesophageal echocardiography (TEE) confirmed SVD, ruling out thrombosis
or vegetations (Figure 1). High-risk for a redo-Bentall and refusing open-heart
surgery, the Heart Team opted for a ViViV TAVR. Pre-procedural multidetector
computed tomography (MDCT) revealed a restricted internal luminal dimension
of 25.4 x17.7 mm, with safe coronary ostial heights (right: 16.6 mm, left: 15.8 mm)
(Figure 1).

Under transfemoral access, a 24.5-mm Myval balloon-expandable valve was
successfully deployed within the failed Portico prosthesis guided by the precise
internal orifice margins on MDCT (Figure 2). No intra-procedural complications
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Figure 1. Pre-procedural imaging. (A) TTE CW Doppler (gradients 8141 mm Hg, Vmax 449 cm/s). (B) TEE (bioprosthetic SVD). (C)
AxialMDCT (luminal dimensions 25.4x17.7 mm). (D) Coronal MDCT (ostial clearance: LCA 15.8 mm, RCA 16.6 mm). CW, continuous-
wave; LCA, left coronary artery; MDCT, multidetector computed tomography; RCA, right coronary artery; SVD, structural valve
deterioration; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography; Vmax, maximum velocity.

occurred. Post-procedural TTE demonstrated a gradient
reduction to 26/12 mmHg with minimal residual aortic regur-
gitation (Figure 2). At the 1-year follow-up, she remained
stable with near-complete symptomatic relief.

DISCUSSION

This case underscores the mechanical boundaries and fea-
sibility of a transcatheter ViViV approach for recurrent bio-
prosthetic failure within a constrained bio-Bentall conduit.
While bioprostheses in young patients avoid lifelong antico-
agulation, their limited durability triggers a predictable cas-
cade of re-interventions. Thus, prosthesis selection requires
meticulous shared decision-making, acknowledging the
inevitability of complex downstream transcatheter nesting.

Pathophysiologically, Marfan syndrome involves dys-
regulated extracellular matrix integrity driven by aber-
rant transforming growth factor-f signaling.>® This
underlying molecular dysregulation, combined with
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heightened mechanical stress and active calcium metabo-
lism in younger patients, may theoretically accelerate bio-
prosthetic leaflet calcification and SVD.”

Technically, sequential nesting compromises the effective
orifice area with each layer—the “matryoshka” effect—
elevating baseline gradients and potentially accelerating
failure.*®In these scenarios, the primary objective of pre-pro-
cedural MDCT is the precise micro-geometric mapping of the
true internal diameter to mitigate prosthesis-patient mis-
match. Despite extreme structural constraints, strategically
deploying a balloon-expandable platform inside a failed self-
expanding frame yielded optimal outcomes due to its supe-
rior radial force and predictable intra-annular expansion.

CONCLUSION

Choosing a bioprosthetic conduit in young patients initiates
a predictable cycle of recurrent valve dysfunction. When
redo open-heart surgery poses prohibitive risks, the ViViV
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Figure 2. Intra-procedural ViViV execution and post-procedural outcomes. (A, B) Fluoroscopy showing precise positioning and
deployment of the 24.5 mm Myval balloon-expandable valve within the 26 mm Portico frame. (C, D) Post-procedural TTE CW
Doppler demonstrating gradient reduction to 26/12 mmHg and minimal residual regurgitation. CW, continuous-wave; TTE,

transthoracic echocardiography; ViViV, valve-in-valve-in-valve.

TAVR strategy offers an effective, safe, and reproducible
alternative, even under extreme anatomical condtions.
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patient.

Declaration of Interests: The authors have no conflict of interest to
declare.

Funding: The authors declared that this study has received no finan-
cial support.

REFERENCES

1.  Cribier A, Eltchaninoff H, Bash A, et al. Percutaneous transcath-
eterimplantation of an aortic valve prosthesis for calcific aortic
stenosis:  first human case description. Circulation.
2002;106(24):3006-3008. [CrossRef]

2. Wenaweser P, Buellesfeld L, Gerckens U, et al. Percutaneous
aortic valve replacement for severe aortic regurgitation in
degenerated bioprosthesis: the first valve in valve procedure

using the Corevalve Revalving system. Catheter Cardiovasc
Interv.2007;70(5):760-764. [CrossRef]

Vrachatis DA, Vavuranakis M, Tsoukala S, et al. TAVI: valve in
valve. A new field for structuralists? Literature review. Hellenic
J Cardiol. 2020;61(3):148-153. [CrossRef]

Dvir D, Webb JG, Bleiziffer S, et al. Transcatheter aortic valve
implantation in failed bioprosthetic surgical valves. JAMA.
2014;312(2):162-170. [CrossRef]

Xue Y, Kossar AP, Abramov A, et al. Age-related enhanced
degeneration of bioprosthetic valves due to leaflet calcifica-
tion, tissue crosslinking, and structural changes. Cardiovasc
Res. 2023;119(1):302-315. [CrossRef]

Benke K, Agg B, Szilveszter B, et al. The role of transforming
growth factor-beta in Marfan syndrome. Cardiol J.
2013;20(3):227-234. [CrossRef]

Deng Z, Fan T, Xiao C, et al. TGF- signaling in health, disease
and therapeutics. Signal Transduct Target Ther. 2024;9(1):61.
[CrossRef]

Aoi S, Chau M, Tanaka C, et al. "Matryoshka" valve-in-valve-in-
valve transcatheter aortic valve replacement and do-it-your-
self catheter to cross aortic valve bioprosthesis stenosis. JACC
Cardiovasc Interv. 2021;14(9):e97-e100. [CrossRef]

33—


https://dx.doi.org/10.1161/01.CIR.0000047200.36165.B8
https://dx.doi.org/10.1002/ccd.21300
https://dx.doi.org/10.1016/j.hjc.2019.10.016
https://dx.doi.org/10.1001/jama.2014.7246
https://dx.doi.org/10.1093/cvr/cvac002
https://dx.doi.org/10.5603/CJ.2013.0066
https://dx.doi.org/10.1038/s41392-024-01764-w
https://dx.doi.org/10.1016/j.jcin.2021.01.038

