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Background: Failed mitral bioprosthesis has conventionally been treated with redo surgical mitral valve
replacement (SMVR). Transcatheter mitral valve-in-valve implantation (TM-VIVI) is emerging as an
alternative to SMVR in high-risk patients. We report our experience with transapical TM-VIVI using the
J-Valve system.

Methods: From May 2020 to January 2021, 21 patients with a failed mitral bioprosthesis underwent
transapical TM-VIVI without concomitant procedures at Guangdong Provincial People’s hospital. The
mean age was 74.62 years. All patients were heavily symptomatic with severe mitral regurgitation and
increased trans-prosthetic gradient. The Society of Thoracic Surgeons predicted risk of mortality (STS
PROM) and European System for Cardiac Operative Risk Evaluation II (EuroScore II) scores were used and
predicted high mortality (STS PROM, 12.91%+9.94%; EuroScore II, 12.04%+10.5%). All the procedures
were performed in a hybrid room.

Results: The success rate was 100% with no conversion to median sternotomy and no intraprocedural death.
The mean ventilation time and intensive care unit (ICU) stay were 25+21.44 minutes and 4.14+7.08 days,
respectively. No major postoperative complications were observed, except 1 patient suffered pneumonia
and required tracheostomy. All patients recovered well. Postoperative echocardiography revealed excellent
hemodynamics with no residual mitral regurgitation in 19 patients and mild regurgitation in 2 patients. In a
subgroup analysis, no significant differences among procedural and postoperative outcomes were detected in
patients with previous aortic-mitral double valve replacement (DVR) compared to other patients.
Conclusions: Our results demonstrate the safety and feasibility of transapical TM-VIVI using the J-Valve
system, even in patients following DVR.
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Introduction

In recent years, bioprostheses have been increasingly
preferred for valve replacement owing to the favorable clinical
results and patient preference (1). In valve replacement
surgery, the total number of bioprostheses used surpasses that
of mechanical valves used currently (2). However, the Achilles
heel of the bioprosthetic valve is the inevitable structural
deterioration of valves within 10-20 years (3), which leads to
re-intervention. Surgical mitral valve replacement (SMVR)
is still the conventional standard therapy for failed mitral
bioprostheses. With advancements in surgical techniques
and instruments, transcatheter therapy has emerged as a
valid alternative to traditional open-heart surgery since the
first case of transcatheter aortic valve replacement (TAVR)
described by Cribier er /. (4) in 2002. In 2009, Cheung
et al. (5) performed the first case of transapical transcatheter
mitral valve-in-valve implantation (TM-VIVI) in a human.
Here, we describe our experience with transapical TM-VIVI
using the J-Valve system for 21 patients with a failed mitral
bioprosthesis. Among them, 9 patients with previous aortic-
mitral double valve replacement (DVR) were categorized
as a special cohort due to the aortic prosthetic valve, which
is considered a relative contraindication to TM-VIVI. We
present the following article in accordance with the STROBE
reporting checklist (available at https://dx.doi.org/10.21037/
jtd-21-975).

Methods
Patients

From May 2020 to January 2021, 23 consecutive patients
were referred to our institution due to mitral bioprosthesis
failure and received treatment with transapical TM-VIVI in
a hybrid operating room. Nine patients were enrolled while
2 patients were excluded: 1 patient underwent concomitant
TAVR and occlusion of mitral perivalvular leakage, and
1 patient underwent concomitant percutaneous coronary
intervention. Among the 21 enrolled patients, 8 patients
with previous aortic-mitral DVR were categorized as the
DVR group while the other 13 patients were categorized
as the MVR group. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the ethics committee of Guangdong Provincial
People’s Hospital (KY-Q-2021-088-01) and informed
consent was obtained from all patients.
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Preoperative assessment

The preoperative assessment included transthoracic
echocardiography (T'TE), cardiac computed tomography
(CT), and cardiac catheterization. Only 1 patient underwent
emergency surgery with incomplete preoperative
assessment due to extremely poor general condition,
including acute left heart failure, low cardiac output
syndrome, and preoperative inserted intra-aortic balloon
pump. The most important factor was to determine the true
internal diameter of the degenerated bioprosthesis, which
depends on the type of valve (stented, stentless, sutureless)
and the placement of the leaflets (inside or outside the
bioprosthesis). Furthermore, the optimal transcatheter valve
size was referred to using the Valve in Valve App (version 2.0,
UBQO Limited, London, UK) (6) which contains essential
anatomical and fluoroscopic information on available
surgical bioprostheses such as the true internal diameter
and the suitability and sizes of suggested transcatheter heart
valves (THVs). Correct sizing is paramount, as oversizing
may affect leaflet mobility resulting in central regurgitation
or reduced durability, and undersizing may increase the risk
of valve migration or paravalvular regurgitation.

Surgical technique

Transapical TM-VIVI was carried out by an interdisciplinary
heart team after patient informed consent was obtained. In
all cases, we decided to use the J-Valve, a second-generation
self-expandable transcatheter aortic valve implantation
device featuring 3 U-shaped graspers that serve as
landmarks. The different valve sizes were as follows: 21, 23,
25,27, and 29 mm.

The procedure was performed under general anesthesia
and transesophageal echocardiography (TEE) was used for
cardiac monitoring. A cardiopulmonary bypass machine
was primed and located within the room. A temporary
endocardial pacing wire was placed in the right ventricle
using cannulation through the right jugular vein. We used
fluoroscopy and TEE to determine the location of the left
ventricle apex, then the apex was exposed through a left
minithoracotomy in the fifth or sixth intercostal space.
Through double 3-0 polypropylene purse string sutures
reinforced with Teflon pledgets, a guidewire was advanced
across the malfunctioning bioprosthesis into a pulmonary
vein under fluoroscopy after systemic heparinization. In
patients with severe mitral bioprosthesis valve stenosis,
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Figure 1 The reversely crimped J-Valve system.

balloon valvuloplasty was performed under rapid ventricular
pacing (180 times/minute) and ventilation was stopped
temporarily. Then, the J-Valve was reversed and crimped
onto the delivery device in ice water after determining
the optimal size (Figure I). After replacement of the soft
guidewire by an extra-stiff wire guide, the delivery sheath
was inserted (Figure 24). The 3 U-shaped graspers were
released in the left ventricle and then advanced toward
the sewing ring of the malfunctional bioprosthesis.
Subsequently, the reversely crimped J-Valve was positioned
inside the malfunctional mitral bioprosthesis (Figure 2B) and
was deployed under rapid ventricular pacing (Figure 2C).
The sewing ring of the degenerated bioprosthesis was the
target for positioning the J-Valve. Post-deployment TEE
and angiography were performed to verify no paravalvular
or transvalvular leakage and then the delivery sheath was
removed (Figure 2D). In 4 patients, TEE revealed mild-
moderate paravalvular or transvalvular leakage, so we
performed post-deployment dilation to make the new valve
totally deploy to fit the malfunctional bioprosthesis leaflets
and stent. Protamine was administered, and a left chest
tube was inserted with standard closure of the intercostal
incision. After the procedure, all patients were treated with
warfarin sodium for 3 months, and aspirin thereafter. For
patients with contraindications for warfarin sodium, dual
antiplatelet therapy was indicated instead.

Endpoint and follow-up

The primary and secondary endpoints were perioperative

© Journal of Thoracic Disease. All rights reserved.

safety and therapeutic efficacy during the follow-up period,
respectively. All patients received TTE assessment before
discharge. Clinical evaluation and TTE was performed at
30 days, 6 months, 1 year, and yearly thereafter. The follow-
up ended on April 15, 2021.

Statistical analysis

Categorical variables are expressed as frequencies and
percentages. Continuous variables are presented as mean
+ standard deviation (M = SD). The Student’s ¢-test was
used to compare continuous variables. Associations between
categorical variables were evaluated using the Chi-squared
test or Fisher’s exact test as appropriate. A two-sided P value
of <0.05 was considered statistically significant. Statistical
analysis was performed with R (R x64 version 4.0.2, R
Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline patient characteristics and bemodynamic data

The demographics and hemodynamic data of all patients
are listed in Table 1. The mean age was 74.62+7.49 years
and males accounted for 57.14% of all patients. All patients
were heavily symptomatic with New York Heart Association
functional class IIT or IV. The preoperative risk stratification
was assessed according to the Society of Thoracic Surgeons
Predicted Risk of Mortality (STS) and European System for
Cardiac Operative Risk Evaluation II (EuroScore II), which

7 Thorac Dis 2021;13(8):5055-5063 | https://dx.doi.org/10.21037/jtd-21-975



5058

0: 30.70 CRA: 44.00

ttleEndianExplicit
ages: 525/547

/

RAO: 30.70 CRA: 44.00
A

LittleEndianExplicit
[Images: 464/848

169 mA 100
c c Wl - 119 L

.94

Wei et al. Transapical mitral valve-in-valve implantation using J-Valve

RAO: 30.70 CRA: 44.00

(A

ittleEndianExplicit

mages

Figure 2 A patient with a history of aortic-mitral double valve replacement (STS PROM 13.86%, EuroScore II 10.57%) presented

with failure of the 25 mm Hancock II bioprosthesis (white arrow). (A) Transapical introducer sheath in situ with wire across the mitral

bioprosthesis (white arrow). (B) A 23 mm J-Valve being positioned. (C) J-Valve deployment. (D) Final fluoroscopy reveals a well-positioned

J-Valve with no residual regurgitation. White arrow, malfunctional mitral bioprosthesis; black arrow, J-Valve; yellow arrow, aortic

bioprosthesis. STS PROM, Society of Thoracic Surgeons predicted risk of mortality.

were 12.03%+10.5% and 12.91%+9.94%, respectively. The
previous cardiac operations of all patients included DVR
(8 patients) and MVR (13 patients). The failed prosthesis
age ranged from 1 to 14 years (11.05+2.36 years), the size
ranged from 25 to 31 mm, and the mechanisms of failure
were isolated or predominant stenosis in 2 patients, isolated
or predominant regurgitation in 17 patients, and mixed in
2 patients. The types of failed bioprostheses were Hancock
II, CE-SAV, CE-Perimount, and Mosaic, while the sizes
ranged from 25 to 29 mm. Preoperative TTE revealed
severe mitral regurgitation in 18 patients and severe
mitral stenosis in 3 patients. The preoperative average
peak trans-prosthetic gradient was 24.85+9.8 mmHg.
Relevant secondary pulmonary hypertension was diagnosed
in all patients. Additionally, concomitant moderate to

© Journal of Thoracic Disease. All rights reserved.

severe regurgitation of the tricuspid valve was detected in
19 patients.

Procedural data and early outcomes

Tible 2 summarizes the procedural data and early outcomes
of all patients. The procedure was successful in all patients.
There was no conversion to median sternotomy and no
perioperative death was observed. The mean procedure
time averaged 115.80+42.68 minutes. Post-deployment
balloon valvuloplasty was required in 4 patients due to trace
paravalvular leakage, which may result from the incomplete
deployment of transcatheter heart valve.

The mean time on a ventilator was 25+21.44 hours,
and the mean intensive care unit (ICU) length of stay was

7 Thorac Dis 2021;13(8):5055-5063 | https://dx.doi.org/10.21037/jtd-21-975
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Pt. Age Sex EuroScore  STS Previogs NYHA Peak gradient Regurgitation Other
No. Il PROM operations class (mmHg) grade
1 7% F 15.42 11.20 2011 MVR Hancock Il 25 mm i 16 4+ AR2+, TR2+
2 88 F 55.86 41.48 2009 MVR Hancock Il 27 mm \% NA 4+
3 81 M 8.32 7.58 2005 MVR CE-Perimount 29 mm 1l 14 4+ AR 2+
4 7% F 10.33 9.06 2014 MVR CE-SAV MV 27 mm 11l 13 4+ AR 3+, TR 2+, Mild
PH
5 55 M 2.63 3.33 2010 DVR CE-SAV MV 29 mm \% 18 4+ TR 4+, Mild PH
6 71 F 10.83 11.41 2009 DVR Hancock I MV 27 mm, \% 27 3+
TVP
7 80 M 11.67 27.02 2006 DVR Hancock Il MV 29 mm v 21 4+ TR 3+/4+, Mild PH
8 60 M 9.22 8.38 2013 MVR CE-Perimount 27 mm, IRF IV 25 3+ TR 4+, Severe PH
9 78 M 10.57 13.86 2007 DVR Hancock Il MV 25 mm 1] 36 4+ TR 3+, Moderate PH
10 70 F 6.36 7.51 2010 MVR Hancock Il 27 mm 11l 25 4+ TR 4+, Severe PH
11 79 F 13.27 9.50 2008 DVR CE-SAV MV 25 mm 11l 21 4+ TR 3+, Severe PH
12 74 M 8.25 4.38 2011 MVR Hancock Il 27 mm 1l 31 4+ TR 3+, Mild PH
13 74 M 5.61 7.72 2009 MVR Hancock Il 27 mm I} 16 4+ TR 4+, Moderate PH
14 7% M 4.87 8.70 2006 MVR CE-SAV MV 29 mm 11l 25 2+ TR 4+, Moderate PH
15 7% F 10.69 20.85 2008 DVR CE-SAV MV 27 mm 1l 21 4+ TR 4+, Moderate PH
16 71 F 10.80 4.28 2012 MVR Mosaic 27 mm 1l 34 4+ TR 3+, Severe PH
17 76 M 9.82 10.82 2007 MVR CE-SAV MV 27 mm 1] 36 4+ TR 4+, Severe PH
18 79 M 13.46 8.80 2010 MVR Hancock Il 27 mm, CABG IV 13 4+ TR 3+, Moderate PH
19 70 F 10.32 5.30 2008 DVR CE-SAV MV 27 mm, TVP, 1l 38 4+ TR 3+, Severe PH
IRF
20 74 M 11.40 33.19 2007 DVR Hancock Il MV 27 mm, 1l 18 4+ TR 3+, Severe PH
TVP
21 87 M 13.04 16.64 2008 MVR Hancock Il 27 mm 11l 49 4+ TR 4+, Severe PH

AR, aortic regurgitation; AVR, aortic valve replacement; CABG, coronary artery bypass graft; CE, Carpentier-Edwards; DVR, double valve
(aortic-mitral) replacement; EuroScore Il, Logistic European System for Cardiac Operative Risk Evaluation Il; F, female; IRF, irrigated radio
frequency; M, male; MR, mitral regurgitation; MV, mitral valve; MVR, mitral valve replacement; NA , not available; NYHA, New York Heart
Association; Pt. No., patient number; PH, pulmonary hypertension; STS, Society of Thoracic Surgeons; TR, tricuspid regurgitation.

4.14+7.08 days. A total of 14 patients were weaned from
mechanical ventilation within 24 hours, and 7 patients were
transferred to the general ward on the first postoperative
day. One patient suffered postoperative pneumonia and
tracheostomy, though recovered well and was discharged
uneventfully. The main cause may be the preoperative
poor pulmonary function with a history of smoking. Only
4 patients needed postoperative blood transfusions. No

© Journal of Thoracic Disease. All rights reserved.

major complications were observed in the other patients.
No perioperative death was observed among all patients.
The mean postoperative hospital stay was 9.52+9.76 days.
After the operation, all patients were at NYHA class I
before discharge. Preoperative and postoperative TTE
assessment showed a significant reduction in the peak trans-
prosthetic gradient from 24.85+9.8 to 11+3.30 mmHg.
Only 3 patients presented with mild mitral regurgitation
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Table 2 Early outcomes
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,F\:tc')_ T'x;')ze Pe?:qg‘r'jg;e”t Residual MR Pre-dilation Post-dilation Com’é’;séon to Ve”tz:?;ij’rrs')ﬁme '((:;Ja;ts";‘y ('\:fj:gncaﬂons Death
1 25 10 - - Yes - 22 1 - -
2 25 6 - - - - 23 8 - -
3 27 9 - - - - 52 4 - -
4 23 13 2+ - - - 7 1 - -
5 25 10 - - - - 26 2 - -
6 23 13 2+/3+ - - - 20 3 - -
7 25 13 - - - - 15 1 - -
8 25 13 - Yes - - 47 34  Tracheostomy; -
pneumonia
9 23 10 - - - - 19 1 - -
10 23 10 - - - - 19 3 - -
11 23 13 - - - - 91 4 - -
12 25 9 - - - - 12 1 - -
13 25 7 2+ - - - 56 5 - -
14 27 10 - Yes - - 36 4 - -
15 23 9 - - - - 20 2 - -
16 25 9 - - - - 23 2 - -
17 25 12 - - Yes - Fast track 5 - -
18 25 16 - - Yes - 4 2 - -
19 25 20 - - Yes - 7 2 - -
20 25 13 - - - - 5 1 - -
21 25 6 - - - - 21 1 - -

CPB, cardiopulmonary bypass; ICU, intensive care unit; MR, mitral regurgitation; Pt. No., patient number; THV, transcatheter heart valve.

0

Discharge

Follow-up

Figure 3 Evolution of intervalvular regurgitation during the study

period. At discharge, 3 patients showed residual regurgitation

grade 2+. At follow-up, it had disappeared in all but 1 patient.

Lines represent individual patients.

© Journal of Thoracic Disease. All rights reserved.

before discharge.

Follow-up

The mean follow-up period was 7.67+2.56 months.
Significant symptomatic relief and functional improvement
was observed in the majority of patients during follow-
up. The hemodynamic performance of the mitral implant
was excellent, with an acceptable residual peak gradient of
11+3.30 mmHg. Mild mitral regurgitation was observed
only in 1 patient during the follow-up period (Figure 3). All
patients were free of symptoms related to cardiac failure at
the latest follow-up.

7 Thorac Dis 2021;13(8):5055-5063 | https://dx.doi.org/10.21037/jtd-21-975
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Patients’ characteristic and early outcomes MVR DVR P Test
n 13 8
Age 75.77+7.22 72.75+8.03 0.38 T
Sex (male) 8 (61.5%) 4 (50.0%) 0.67 Fisher’'s
EuroScore Il 13.18+13.19 10.17+3.19 0.54 T
STS score 11.27+9.59 15.56+10.57 0.35 T
NYHA class 0.63 Fisher’s

1] 10 (76.9%) 5 (62.5%)

\% 3(23.1%) 3 (37.5%)
Peak gradient (mmHg) 24.77+10.74 25.00+7.93 0.96 T
MR grade 1 Fisher’s

2+ 1(7.7%) 0

3+ 1(7.7%) 0

4+ 11 (84.6%) 8 (100.0%)
Time interval 10.38+2.66 12.12+1.25 0.10 T
THV size 0.32 Fisher’s

23 2 (15.4%) 4 (50.0%)

25 9 (69.2%) 4 (50.0%)

27 2 (15.4%) 0
Procedural duration (mins) 123.23+36.70 103.75+51.25 0.32 T
Ventilation time (hours) 24.77+18.08 25.38+27.43 0.95 T
ICU stay (days) 5.46+8.83 2.00+1.07 0.29 T
Conversion to CPB 0 0 1 Fisher’s
Blood 3(23.1%) 1 (12.5%) 1 Exact
Complications 1(7.7%) 0 1 Exact
Major complications 0 0 1 Fisher’s
Perioperative death 0 0 1 Fisher’s
Residual MR at discharge 2 (15.4%) 1(12.5%) 1 Fisher’s
Residual MR during follow-up 0 1(12.5%) 0.38 Fisher’s

CPB, cardiopulmonary bypass; DVR, double valve (aortic-mitral) replacement; EuroScore Il, Logistic European System for Cardiac
Operative Risk Evaluation Il; MR, mitral regurgitation; MVR, mitral valve replacement; NYHA, New York Heart Association; STS PROM,
Society of Thoracic Surgeons predicted risk of mortality; THV, transcatheter heart valve.

Subgroup analysis

The comparisons of baseline characteristics, procedural

data, and early outcomes between the DVR group and
MVR group are summarized in Table 3. From the table, it

© Journal of Thoracic Disease. All rights reserved.

is evident that there is a non-significant difference among
all variables between the 2 groups. This indicates that TM-
VIVI is also feasible and effective for this special patient

group.
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Discussion

There is an expanding population of high-risk elderly
patients who require redo SMVR in parallel with the
increasing clinical use of bioprostheses in the treatment
of valvular disease. However, conventional SMVR is still
associated with a high risk of mortality (4-7%) (7) despite
advancements in surgical techniques and instruments.
The first reported transapical TM-VIVI by Cheung ez 4.
in 2009 demonstrated its feasibility as an alternative to
SMVR. The efficacy and safety of TM-VIVI in the early
term and midterm have been reported worldwide (8-10). In
previous reports, the most implanted valve was the SAPIEN
3 valve, which is the only THYV that is approved for TM-
VIVL. In China, however, the SAPIEN 3 valve just received
regulatory approval in June 2020 and has not been widely
used. Before that, the Venus A-valve, VitaFlow Valve, and
J-Valve were the only 3 TAVR systems approved in China.

In this study, we described our experience with
transapical TM-VIVI using the J-Valve. The success rate
of the procedure was 100% and no death was observed
during the study period. Only 1 patient suffered pneumonia
and tracheostomy, but recovered well and was discharged
uneventfully. All patients returned to normal life with relief
of heart failure-related symptoms after the operation. There
are several factors that contribute to the excellent clinical
outcomes. First, the J-Valve has a shorter stent frame
compared to the other valves and it can reduce the risk of
left ventricular outflow tract obstruction after implantation.
Second, the J-Valve system is a self-expandable TAVR
system featuring 3 U-shaped graspers that can capture
the degenerated leaflets for anchoring and reduce the
risk of displacement after deployment. Unlike prostheses
implanted at the position of the aortic valve, the mitral
prosthesis can easily be displaced due to the ventricular
systolic pressure. Third, the transapical antegrade approach
can provide coaxial alignment of the THV into the failed
bioprosthesis with the shortest distance and an easier
catheter manipulation.

Furthermore, our cases emphasize the possibility of
TM-VIVI in patients with previous aortic-mitral DVR.
Patients with prior aortic stenosis often have left ventricular
hypertrophy and a small left ventricular cavity, which may
increase the risk of left ventricular outflow tract obstruction
after deployment of the THV. Anchoring of the implanted
THV may interfere with the leaflets of the previous aortic
prosthesis. In the subgroup analysis, the safety and efficacy
of transapical TM-VIVI for patients after aortic-mitral

© Journal of Thoracic Disease. All rights reserved.
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DVR was proven.

As transapical transcatheter mitral valve-in-valve
implantation using J-Valve for failed bioprosthesis is still
a novel procedure, we acknowledge that there are several
limitations, including its small sample size and relatively
short-term follow-up period. The long-term outcomes of
this procedure require more investigation.

In conclusion, transapical TM-VIVI represents a
valid alternative to traditional open-heart mitral valve
replacement for patients with a failed prosthesis and also for
a special patient group with previous aortic-mitral DVR.
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