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Introduction

The concept of transcatheter insertion of heart valves as a 
treatment option for valvular heart disease has been around 
since 1960s [1]. It was not until 2000 that the first implantation 
of a transcatheter pulmonic valve in a human being was real-
ized [2]. Cribier et al [3] described the first percutaneous trans-
catheter implantation of anaortic valve prosthesis. The concept 
of transcatheter implantation of a new valve within the failing 
Bioprosthetic Valve (ViV) was first described by Dr. Walthers 
group in 2007 [4]. The first-in-Human Mitral Valve Implantation 
(hMVI) was performed in 2013, with a SAPIEN valve (Edwards 
Lifesciences) through a transapical approach [5]. 

It is estimated that up to 25% of mitral bioprostheses present 
with degeneration at 15-year follow-up, and 15% have moder-

ate–severe MR at 20-year follow-up [6]. Reoperation has an ad-
ditional surgical risk, especially in elderly patients. The site of ac-
cess, type, size, and implant position of the transcatheter valve 
has to be optimized for individual patients with knowledge of 
echocardiographic and radiographic measurements along with 
valve haemodynamics and structural anatomy. A well planned 
procedure can prevent valve malposition, Left Ventricular Out-
flow Tract (LVOT) narrowing, device under-expansion, and para-
valvar leaks. Considering the complexity and heterogeneity of 
mitral valve disease, the development of a Transcatheter Mitral 
Valve (TMV) device to target all anatomic variations is difficult 
with several challenges.

Here, we describe a case of valve-in-valve TMVI for degener-
ated bio-prosthetic valve in a elderly individual with multiple 
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co-morbidities, in addition to several anatomical constraints. 
This case also highlights various impediments that can occur 
during a TMVI with emphases on flexibility in thought process, 
needed to safely complete the complex procedure.   

Case presentation

 A 71-year-old female, a known case of diabetes, hyperten-
sion and CKD, presented with dyspnea on exertion (NYHA class 
III) and orthopnea for the last one month. She was frequently 
admitted during this period at a local hospital and managed 
conservatively with intravenous diuretics. However, her con-
dition worsened over the last 7 days and was referred to our 
hospital. She gave a past history of Mitral Valve Replacement 
(MVR) surgery with a 29 mm Carpentier Edward  bioprosthetic 
(bovine) stented  valve  15 years back.

Haemoglobin content was 10.2 gm/dL. Serum creatinine 
level was 1.94 mg/dL TTE showed dilated LA (3.9 cm) and LV 
size. LV ejection fraction was 55% with no regional wall mo-
tion abnormality. The bioprosthetic mitral valve leaflets were 
thickened, fibrosed, degenerated and dysfunctional, leading 
to severe mitral regurgitation (vena contracta was 0.8). Peak 
and mean gradients across the valve were 11 and 5 mm of Hg 
respectively. There was mild tricuspid valve regurgitation with 
mild PAH.

Cardiac multi-slice Computed Tomography (CT) was done for 
valve sizing, and assessment of the risk of LVOT obstruction. Ac-
cording to CT sizing, a bioprosthetic valve surface area of 533.20 
mm, a annulus perimeter of 90.00 mm, a projected annulus pe-
rimeter of 81.90 mm, and an internal diameter of 26.10 mm 
were measured (Figure 1a-f). A Meril MYVAL 29.00 mm valve 
was simulated for evaluation of the risk of LVOT obstruction. 
LVOT area was 250.40 mm², where as the neo-LVOT area was 
177.90 mm with minimal protrusion of the valve into the LVOT. 
This corresponds to a minimal relative LVOT reduction of 14%, 
almost excluding the risk of obstruction, Furthermore, the aor-
tic–mitral angle was favourable with a value of 63o. In view of 
high surgical risk (STS score of 14%) and Euro SCORE II 10%], 
a transcatheter mitral ViV implantation with 29.0 mm MYVAL 
valve was planned on compassionate grounds. 

Figure 1(a-f): CT aortogram showing various dimensions of  the 
prosthetic  mitral  valve, such as  various internal and external di-
ameters at the annulus (a,b,c), adequate Aorto-mitral angle (d) 
and  LVOT and resultant neo-LVOT dimensions  after valve deploy-
ment (e,f) 

Procedure 

TMVI procedure was done under general anaesthesia with 
TEE guidance. A6 French. (Fr) sheath was inserted through the 
Right Femoral Vein (RFV) and another through Left Femoral 
Artery (LFA) and a 5 Fr pigtail advanced into the non-coronary 
cusp of the aortic sinus.

Transseptal Puncture (TSP) was taken at the prescribed su-
perior-posterior quadrant with help of mullens sheath and bro-
ken brough needle over a Agilis sheath. A 14 Fr PYTHON sheath 
(MERIL Life Sciences Pvt.Ltd, INDIA) was inserted over the Safari 
wire parked in the LV cavity. The interatrial septum was then 
dilated first with a 12 x 40 mm Z-med and then with 14 x 40 
mm Atlas gold balloon. Inspite of all our attempts with various 
flexing maneuvers and change in support wires, the 29.00 mm 
MYVAL valve could not negotiate the annular ring of the old bio-
prosthetic mitral valve. A different approach was then formu-
lated. A-V loop was created with a 0.035 J tip Terumo wire and 
snared with a gooseneck and externalized through LFA. It was 
then exchanged with a Amplatz superstiff wire. However, the 
Myval valve could still not be negotiated across the old mitral 
valve (Figure 2a-i). 

Figure 2(a-i): Angiography image showing: Superior-posterior 
quadrant Transseptal puncture (TSP) and subsequent  septal bal-
loon dilatation (a), failure of  MYVAL valve to cross the annulus of 
old bioprosthetic mitral valve (b), failure of  A-V loop  to provide 
support to deliver the valve (c), TSP and subsequent septal balloon 
dilatation (d), dilatation of the old mitral valve  with 14 mm  ATLAS 
balloon (e), successful crossing of 29 mm MYVAL mitral  biopros-
thesis   across the old  mitral  valve (f), successful deployment of  
the transcatheter  mitral  valve (g), deployment of  a  28 mm ASO 
device to close the resultant ASD (h) and final result of the ViV 
TMVI  & ASO devices  in place (black arrows) (i).

In order to change the extreme angle within the LA, required 
for the delivery system to negotiate and reach the old stented 
bioprosthetic mitral valve, a different transseptal approach was 
planned under TEE guidance. This new puncture site was more 
superior and central in location to the previous one. Subse-
quently, the procedure was commenced and the old biopros-
thetic mitral valve was then dilated with 14 x 40 mm. Atlas gold 
balloon and mitral ViV implantation with 29.00 mm MYVAL 
valve was successfully completed. Post procedure TEE showed 
good valve deployment with no LVOT narrowing or paravalvar 
leak. The resultant 24 mm ASD created by two septal punctures 
was closed with a 28 mm ASO device. Patient recovered, was 
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extubated and shifted to ICU and discharged three days later 
without any complications. This case illustrates the importance 
of planning and anticipation with constant evolution in strategy 
when facing seemingly insurmountable obstacles.

Discussion

Advanced age, female sex, high preoperative New York Heart 
Association functional class, left ventricular dysfunction, renal 
failure, pulmonary disease, cognitive impairment, urgency of 
operation and technical difficulties caused by chest wall adhe-
sions due to previous cardiac surgeries have been identified as 
predictors of higher operative risk. The development of TMVI 
has emerged as a lifeline for patients considered to be high risk 
or inoperable providing both an improvement in symptoms and 
statistically significant mortality benefit. Recent studies have 
demonstrated the efficacy and safety of TMVI for patients with 
degenerated bioprostheses, failed annuloplasty repair, and 
severe MAC [7]. However, Various anatomical, structural and 
pathophysiological challenges exist that are an impediment to 
the widespread use of Transcatheter Mitral Valve Implantation 
(TMVI).

Bioprosthetic mitral valves are implanted with increasing fre-
quency, invariably degenerate, leading to heart failure. Mitral 
bioprosthetic valves usually deteriorate in 10 to 20 years after 
surgery. Traditionally, the management of degenerated mitral 
valve bioprosthesis was redo surgery. Re operation of failed bio-
prosthetic mitral valves is associated with significant morbidity 
and mortality. The operative mortality for elective redo mitral 
valve surgery has been reported to range from 2% to 7%. How-
ever, this percentage can increase to >25% in high-risk patients 
at one year [8]. Hence, Transcatheter Mitral Valve Implantation 
(TMVI) can be a treatment option for patients who are not eli-
gible for redo mitral valve surgery. Several access strategies, in-
cluding trans-apical, transseptal, trans-jugular, and trans-atrial 
access have been described for ViV-TMVI.

Early experiences with ViV-TMVI were conducted via a trans-
apical approach through a left mini-thoracotomy as it offers 
direct access and device coaxiality. Initial challenges to trans-
septal approach included engineering a delivery system that 
can negotiate the extreme angle within the LA, required to 
reach and cross the prosthetic mitral valve. With the improved 
technology and hardware, in the form of smaller and steerable 
delivery systems, transseptal ViV-TMVI can now be performed 
safely [9]. 

However, this procedure is still not without its inherent prob-
lems. The anatomical differences between mitral bioprosthetic 
valves, annuloplasty rings, and severely calcified mitral annulus 
leads to specific procedural challenges in each TMVI procedure. 
Compared to trans-apical access, achieving coaxial alignment 
at the mitral annulus is more challenging with transseptal ap-
proach. Like in our case, a traditional superior-posterior trans-
septal puncture could not negotiate the stented bioprosthetic 
mitral valve and hence a more central septal puncture was 
taken to ensure proper coaxial alignment of the transcatheter 
valve. 

Patient selection is critical to conduct a successful transsep-
tal ViV-TMVI. The presence of endocarditis, severe Paravalvular 
Leak (PVL), thrombosis or dehiscence of the bioprosthesis are 
some of the contraindication to the procedure. Small LVOT or 
calcified anterior mitral valve leaflet may not be good candi-
dates as they are at increased risk for LVOT obstruction. Patient-

prosthesis mismatch leading to placing a transcatheter valve 
inside an already small bioprosthesis can lead to high gradients 
and poor clinical outcomes [10]. 

LVOT obstruction (increment in mean LVOT gradient ≥10 mm 
Hg from baseline) is a preventable complication. Preprocedure 
CT imaging is of great importance. A  Projected neo-LVOT area 
≤1.7 cm2 carries high sensitivity and specificity for postproce-
dural LVOT obstruction [11]. Aortomitral-annular angle is the 
angle between the annular planes of the mitral and aortic valves 
(more obtuse the angle, higher the risk of LVOT obstruction). 

The treatment for patients at risk for LVOT obstruction is 
based on cardiac CT analysis and should be individualized based 
on operative risk, anatomy, and operator experience. Surgical 
replacement or LVOT obstruction risk-reduction strategies, such 
as alcohol septal ablation and radiofrequency laceration of the 
anterior prosthetic valve leaflet have been described in litera-
ture [12,13].

Finally, durability of transcatheter valves in the mitral posi-
tion also remains unknown. Thus, the long-term outcomes of 
ViV-TMVI warrant further study. Hence, it is essential to identify 
the predictors of adverse outcomes and patient counseling re-
garding competing surgical and transcatheter options.

Conclusion

With an improvement in life expectancy and lower age at 
which patients opt for a bioprosthetic valve, it is inevitable that 
an increasing number of patients will present with bioprosthet-
ic valve dysfunction. Growing number of TMVI procedures, with 
standardized pre-procedural diagnostic algorithms and well es-
tablished intra-procedural steps, have resulted in a more sim-
plified and safer procedure. Understanding the complexities of 
the ViV procedure can lead surgeons to make choices during the 
original surgical valve implantation that can make a future ViV 
operation more technically feasible, years before it is required.
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