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T
ranscatheter aortic valve replacement (TAVR) 
has revolutionized the treatment of severe 
aortic stenosis (AS) in patients at high and very 
high surgical risk.1 Simultaneously, this tech-

nique has been increasingly used off-label for the treat-
ment of failing aortic or mitral valve bioprostheses, with 
promising results.2,3 The aging United States population, 
increased implantation of surgical bioprosthetic valves,4 
and increased risk of redo surgical valve replacement 
in the elderly population5 will inevitably lead to further 
increased use of this technology in the future. 

Currently, there are two transcatheter heart valves 
(THVs) approved in the United States, the balloon-
expandable Sapien valve (Edwards Lifesciences) and 
the self-expandable CoreValve device (Medtronic). 
Compared to TAVR in a native valve, valve-in-valve 
(VIV) TAVR and VIV transcatheter mitral valve replace-
ment (TMVR) have unique challenges that we will fur-
ther discuss in this article.

VIV TAVR 
Valve-in-valve TAVR, with a reported 1-year survival 

rate of 83.2%,2 can be an alternative to surgical aortic 
valve replacement in selected patients at high surgical 
risk. However, the observed increase in severe patient-
prosthesis mismatch (31.8%), THV malposition (12.8%), 
coronary obstruction (2.5%–3.5%), and implantation of 
a second THV (8%–9%)2,3,6 during VIV TAVR emphasiz-
es the importance of procedure planning. Learning the 
specific technical challenges and interaction of current 
THV technology with the existing surgical bioprosthesis 
is essential.

Procedure planning must include a comprehensive 
evaluation of the patient by the heart team, starting 

with the determination of surgical risk and indication 
for bioprosthesis valve replacement. Unlike native valve 
TAVR, which has mostly been used to treat severe AS,7,8 
VIV TAVR has been used for treating failing surgical bio-
prostheses that cause isolated AS (42%), isolated aortic 
regurgitation (AR; 34%), or a combination of AR and AS 
(24%).3  

The preprocedural echocardiographic evaluation of 
failing bioprostheses entails special challenges that need 
to be considered. First, the echogenic material of the bio-
prosthesis (eg, the sewing ring, calcium, and metal stent) 
can create “shadows” that prevent adequate imaging of 
the valve. Second, the severity of eccentric AR jets is often 
difficult to quantify and differentiate from perivalvular 
leaks, despite good quality transesophageal echocardio-
graphic imaging. Functional cardiac magnetic resonance 
imaging and cardiac catheterization can be useful to 
objectively quantify the severity of AR by calculating a 
regurgitant fraction and AR index,9 respectively (Figure 1), 
and intracardiac echocardiography can help differenti-
ate valvular from perivalvular leak, which is imperative to 
deciding treatment. The former can be percutaneously 
corrected with VIV TAVR and the later with implantation 
of an Amplatzer vascular plug (St. Jude Medical, Inc.). 

Understanding the potential for patient-prosthesis 
mismatch is another critical step to the preprocedural 
VIV TAVR workup. Up to one-third of patients who 
undergo VIV TAVR develop severe patient-prosthesis 
mismatch.3 This phenomenon results from poor THV 
size selection (limited by the current THV technol-
ogy and sizes) and underexpansion of the THV due to 
the lack of distensibility of the bioprosthetic surgical 
valve ring. Preventing patient-prosthesis mismatch is 
important, as increased mortality has been observed 
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in patients undergoing VIV TAVR with a small THV 
(< 21 mm) and high postprocedure aortic valve mean 
gradients (> 20 mm Hg).2 Knowing the true internal 
diameter and design of the aortic prosthesis is essential 
to selecting the appropriate THV size. Fortunately, free 
mobile apps, such as the Aortic Valve in Valve applica-
tion (UBQO Ltd.), aid in selecting the proper THV size 
based on the surgical bioprosthetic valve type and its 
internal diameters. This application also provides guid-
ance on the fluoroscopic landmarks that are specific 
to each bioprosthetic valve and can be used for proper 
valve deployment (Figure 2). 

However, fluoroscopic landmarks for THV deploy-
ment can be difficult to identify due to the absence of 
calcification and the “classic” anatomy of the native valve, 
especially in patients who have undergone aortic root 
replacement or have received a stentless surgical biopros-
thesis (Figure 2). These issues may explain the observed 
increased incidence of THV malposition, the requirement 
of a second THV, and coronary obstruction during VIV 
TAVR. The use of simultaneous power-injected aortog-
raphy during THV deployment can aid in identifying the 
anatomy and landing zone location. The lack of calcium 
on bioprosthetic valves also allows the THV to translate 
in the ventricular and aortic direction much more freely 
and can result in a valve placed too high or low. In our 

experience, a slow deployment can provide time for the 
fine positioning adjustment that may be required during 
deployment to properly position the THV.

Finally, previous surgical aortic valve replacement can 
distort the normal anatomy of the aortic root, which can 
lead to an increased risk of coronary obstruction. The use 
of power-injected aortography, transthoracic echocar-
diography, transesophageal echocardiography, and gated 
cardiac CT assists in defining the aortic root anatomy and 
understanding the spatial relationship of the coronary 
ostium to the aortic annulus and valve struts. High-risk 
characteristics for coronary obstruction include a short 
distance between the coronary ostium and the surgical 
bioprosthesis (especially if the latter has been implanted 
in a supra-annular and/or tilted position), a narrow or 
low-lying sinotubular junction, a reimplanted coronary 
(ie, Bentall procedure), and a stentless or internally stent-
ed surgical bioprosthesis.10 

Figure 1.  Intraprocedural evaluation of bioprosthesis AR. 

Aortic and left ventricular pressures were measured and used 

to calculate the AR index, which improved from 4.6 at baseline 

(A) to 28.7 after THV deployment; red arrow indicates the dif-

ference between diastolic blood pressure and left ventricular 

end-diastolic pressure, which is used for AR index calculation 

(B). At the same time, baseline aortography revealed regur-

gitation of contrast filling the entire left ventricular chamber 

(C, white arrow). Aortography after THV deployment revealed 

resolution of AR (D).

Figure 2.  VIV TAVR in two patients with different failing surgi-

cal bioprostheses. Patient 1 (A, B) had a prior 25-mm Hancock 

II bioprosthesis (Medtronic) (A, white arrow) causing severe 

AR and underwent successful VIV TAVR with a 23-mm Sapien 

XT device (B, white arrow) and paravalvular leak closure (B, 

red arrow) using a TF approach. Patient 2 (C, D) had a prior 

21-mm Carpentier-Edwards Perimount surgical valve (Edwards 

Lifesciences) complicated with infective endocarditis causing 

severe AR from both central and paravalvular leak (C, white 

arrow). He first underwent paravalvular leak closure with an 

Amplatzer vascular plug (C, red arrow), with partial hemody-

namic and clinical improvement. During a second procedure, 

he underwent success transfemoral VIV TAVR with a 23-mm 

Sapien XT valve (D, white arrow). Both patients were dis-

charged with mild/trace AR and marked clinical improvement.
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If there is concern for potential coronary obstruc-
tion, careful planning to prevent or react to coronary 
obstruction must be addressed prior to the procedure. 
Prewiring the coronary artery with a stent in place 
has been a useful safety net during TAVR implanta-
tion in patients with a low coronary ostium to allevi-
ate obstruction from the calcium or stent frame, if 
needed.10 Preventing obstruction, however, is preferred 
to attempting to treat obstruction after the fact. 
Making a concerted effort during THV deployment to 
avoid placing the valve too high or overinflating the 
THV outside the current bioprosthesis stent frame are 
important in cases where coronary obstruction is a 
concern. 

VIV TMVR 
Although VIV TMVR has been performed with suc-

cess in selected patients with severe mitral regurgita-
tion and very high surgical risk,11 it is rarely performed 
due to the lack of mitral valve–specific transcatheter 
devices, the complex anatomy and disease etiology 
of the mitral valve, and the current lack of insurance 
reimbursement for this procedure in the United States. 

VIV TMVR is performed via transapical or transsep-
tal access, using the mitral valve surgical bioprosthesis 
for fluoroscopic guidance (Figure 3). The circular shape 
of these bioprostheses differs from the saddle-shaped 
morphology of the native mitral valve and allows the 

adaptation of currently available THVs, designed for 
the aortic position, for use in the surgical mitral valve. 
Finally, new TMVR valves in development and early 
stages of clinical trials for native mitral valve disease12 
may be used for VIV TMVR in the near future. 

CONCLUSION
VIV TAVR and TMVR are feasible treatment options 

for well-selected, high-surgical-risk patients with fail-
ing bioprostheses, and these applications are likely to 
increase in number. Operators, however, need to be 
aware of specific preprocedural planning and intrapro-
cedural technical challenges that are inherent to the 
off-label use of THVs in VIV TAVR.  n
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Figure 3.  VIV TMVR in two patients with severe mitral regur-

gitation from failing bioprostheses. Patient 1 (A–C) had prior 

surgical mitral valve replacement with a 25-mm Perimount 

Magna valve (Edwards Lifesciences) (A, B; white arrows) and 

underwent successful transapical VIV TMVR with a 26-mm 

Sapien XT device (B, C; red arrows). Patient 2 (D–F) had a prior 

aortic (D, F; yellow arrows) and 33-mm mitral Carpentier-

Edwards Perimount surgical valve (D, E; white arrows) and 

underwent successful transseptal TMVR with a 26-mm Sapien 

XT valve (E, F; red arrows). Both patients were discharged with 

no residual mitral regurgitation and clinical improvement.
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