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Background: Transcatheter mitral valve-in-valve (TMVIV) procedure with aortic

transcatheter heart valves has recently become a less invasive alternative for patients

with mitral bioprosthetic dysfunction. This study reports the initial experience of TMVIV

implantation using the J-Valve System (JieCheng Medical Technology Corporation Ltd.,

Suzhou, China).

Methods: A retrospective observational multicenter study was conducted to evaluate

the short-term outcomes of TMVIV. In total, 26 consecutive patients with symptomatic

bioprosthetic failure at eight hospitals underwent TMVIV using the J-Valve System

between May 2019 and June 2021. Procedural results and clinical outcomes were

analyzed using the Mitral Valve Academic Research Consortium criteria.

Results: The mean age was 75.3 ± 7.1 years and 69.2% of patients were female. The

mean Society of Thoracic Surgeons Predicted Risk of Mortality score was 12.3 ± 8.3%.

The technical success rate was 96.2%. Nine of the 26 patients (34.6%) were implanted

with a J-Valve of a size equal to the internal diameters of the deteriorated prostheses. At

the 30-day and 1-year follow-ups, all-cause mortality was 3.8 and 16.0% and the stroke

rates were 0 and 12.0%, respectively. Device-related mortality was 0% and the mean

mitral valve gradient was 6.4 ± 2.7mm Hg. No patient experienced device embolization,

left ventricular outflow tract obstruction, or mitral valve reintervention. Postprocedural

mitral regurgitation was none or trace in all the patients. All the patients were in the New

York Heart Association (NYHA) class ≤ II at the last follow-up.

Conclusion: Transcatheter implantation of the J-Valve System in high-risk patients with

mitral bioprosthetic dysfunction was found to be a reasonable alternative and associated

with good short-term outcomes.
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INTRODUCTION

Mitral valve disease is the most prevalent form of valvular
disease, affecting 10% of patients over the age of 75 years
(1). Bioprosthetic valves have become more common in the
treatment of mitral valve disease. Consequently, structural valve
deterioration is the most prevalent problem and reoperation
is required in as many as 35% of patients within the first 10
years after mitral valve surgery (2). Redo mitral valve surgery is
associated with high perioperative morbidity and mortality (3, 4)
due to repeat sternotomy, cardiopulmonary bypass, the older age
of patients, and severe comorbidities. Nevertheless, transcatheter
mitral valve-in-valve (TMVIV) implantation has been developed
as a feasible and safe treatment for high-risk and inoperable
patients (5–7). In TMVIV, an oversizing strategy is preferred
due to the risk of embolization resulting from high gradient
pressure between the ventricle and atrium. However, excessive
oversizing may be unfavorable, as it leads to under expansion
of the transcatheter heart valve (THV) device, which increases
the risk of leaflet pin-wheeling, device thrombosis, and decreased
durability (8).

The J-Valve System (JieCheng Medical Technology
Corporation Ltd., Suzhou, China) is a low-profile, self-
expanding THV (Figures 1A,B). Excellent short-term
outcomes, such as 4.7% all-cause mortality, 2% new permanent
pacemaker implantation, 0% coronary artery obstruction,
and 0% myocardial infarction at the 1-year follow-up, have
demonstrated the efficacy and safety of the J-Valve in the
treatment of patients with aortic stenosis and/or insufficiency
(9–12). While the J-Valve was originally designed to treat aortic
stenosis and/or insufficiency (12), its specific self-positioning
design is also favorable in TMVIV implantation. Inspired by
the Sapien prosthesis (Edwards Lifesciences Incorporation,
Irvine, California, USA) to initially perform transapical mitral
valve-in-valve by crimping the valve into the delivery catheter
in the opposite direction, we attempted to treat high-risk or
inoperable patients with degenerative mitral bioprostheses using
the J-Valve System.

METHODS

Patient Population
We conducted a retrospective observational analysis for all the
consecutive patients who underwent TMVIV with the J-Valve
System for the treatment of a degenerated mitral bioprosthesis
at eight medical centers between May 2019 and June 2021.
Indications for redo mitral valve replacement were based on
the 2014 American College of Cardiology/American Heart
Association Guideline for the Management of Patients with
Valvular Heart Disease (13). All the patients were evaluated
by a multidisciplinary heart team and found to have high
surgical risk scores and/or severe comorbidity precluding
redo valve surgery with cardiopulmonary bypass. The only
exception was a 50-year-old patient whose symptoms could
not be controlled by drugs. We strongly advised him to
choose conventional surgery, but he still declined it and opted
for TMVIV surgery as the preferred choice. The exclusion

FIGURE 1 | The J-Valve system (JieCheng Medical Technology Corporation

Ltd., Suzhou, China). (A) The prosthesis was combined with locators after

release. (B) Movable connection between prosthesis and locators. (C)

Prosthesis orientation for the transapical aortic valve replacement using the

J-Valve system. (D) Prosthesis orientation for the transapical mitral

valve-in-valve implantation using the J-Valve system.

criteria for the TMVIV procedure were active endocarditis,
prosthetic valve endocarditis, left atrial and/or left ventricular
thrombosis, moderate or severe mitral paravalvular leakage, a
true internal diameter (ID) of mitral bioprostheses < 20mm,
a requirement for concomitant coronary artery bypass graft,
and high risk for TMVIV-induced left ventricular outflow tract
(LVOT) obstruction.

Ethics
All the patients or their legal representatives were fully informed
about the procedure and signed written consent prior to surgery.
The study protocol was approved by the Ethics Committee of
Zhongshan Hospital, Fudan University.

Devices
The J-Valve System is composed of a bioprosthetic valve and
a transapical delivery catheter (Figure 1C). The bioprosthetic
valve is a porcine valve supported by a self-expanding nitinol
structure of different sizes: external diameters of 21, 23, 25, 27,
and 29mm. The size of the J-Valve mentioned below refers to
the external diameter. A set of 3 “U” -shaped nitinol hoops were
designed to surround the aortic valve as locators to position
the device to sit in three aortic sinuses to facilitate accurate
positioning of the implanted valve and fix it to the native valve
(10). Valve sizes of 21, 23, and 25mm were crimped into the
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FIGURE 2 | Preoperative and postoperative multidetector CT in the assessment of neo-LVOT (Patient number 23). (A) The predicted area of neo-LVOT was 469 mm2

before the J-Valve implantation. (B) The postoperative area of neo-LVOT was 435 mm2. LVOT, left ventricular outflow tract.

27 F delivery catheter and 33 F catheter for valve sizes of 27
and 29 mm.

Procedures
Before the procedure, all the patients underwent transthoracic
echocardiography and contrast-enhanced multislice CT to assess
(1) the severity and types of bioprosthetic failure; (2) the
bioprosthesis dimensions for the sizing of the J-Valve; (3) the
mitral valve, left ventricle, and aortic root anatomy to evaluate the
risk of LVOT obstruction; and (4) the coronary vessels or bypass
grafts for significant coronary artery disease.

The neo-LVOT surface area was estimated on CT images in
systole (Figure 2A) using Vitrea software (version 6.5.3, Vital
Images Incorporation, Minnetonka, Minnesota, USA). We used
a predicted surface area <200 mm2 as a cutoff value to identify
patients at risk for TMVIV-induced LVOT obstruction.

The size of the J-Valve and the balloon used for valvuloplasty
were selected based on the true ID of the surgical heart valves
(SHVs) from CT measurements and/or the “valve-in-valve” app
according to the manual of the manufacturer. In 15 patients, we
oversized the implanted valves. A 23-mm J-Valve was implanted
in only one patient with an SHV IDmeasuring 25mm because of
severe calcification of the leaflets. For the remaining patients, we
implanted the J-Valve with the strategy of “true sizing” meaning
that the size of the THV is equal to the ID of the SHV. The
J-Valve prosthesis and three locators were preloaded into the
delivery system direction opposite to that used for aortic valve
replacement (Figures 1C,D).

With patients under general anesthesia, all the surgeries were
performed in a hybrid operating room with cardiopulmonary
bypass on standby. During the procedure, the C-armwas directed
at a specific angle, so that any two of the three stent posts of
the SHV totally overlapped under fluoroscopy. The transapical
approach was used in all the cases. A limited left thoracotomy
was made. Two 3–0 polypropylene (Ethicon, Somerville, New
Jersey, USA) Teflon-reinforced mattress sutures were placed on
the left ventricular apex and the patient was administered heparin
to maintain an activated clotting time > 250 s. A guidewire was

FIGURE 3 | Process of transapical mitral valve-in-valve implantation with the

J-Valve system in vitro. (A) The delivery system was inserted into the surgical

mitral prosthesis. (B) The locators were released. (C) The locators were placed

in “sinuses” of the surgical mitral prosthesis. (D) The transcatheter prosthesis

was released and the surgical mitral prosthesis was fixed between the

transcatheter prosthesis and locators.

inserted from the middle of the suture to reach the left atrium
through the SHV. Balloon valvuloplasty was performed only in
cases of mitral bioprosthetic stenosis before J-Valve implantation
during rapid ventricular pacing (160–180 beats/min). The J-Valve
delivery system was then inserted into the left ventricle and
atrium via a guidewire. The three locators were released first and
the delivery catheter was gently advanced toward the atrium to
help the three locators accurately sit in the SHV “sinuses” among
the three struts. Then, the J-Valve was released and deployed with
the aid of the locators, so that it was fixed in the middle of the
SHV after self-expansion (Figure 3). Finally, postimplant balloon
valvuloplasty was performed in all the cases to ensure that the
THV fully fit within the SHV (Supplementary Video). A vitamin
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K antagonist was initiated on the day following the procedure
with a target international normalized ratio of 2 to 3 for 6months.

Definitions and Study Endpoints
We used standardized endpoint criteria according to the Mitral
Valve Academic Research Consortium (MVARC) for the data
collection (14). The endpoints of this study included technical
success at the exit from the procedure room as well as all-
cause mortality. Other clinical endpoints, including device-
related mortality, device embolization (the device moves during
or after deployment such it loses contact with its initial
position), LVOT obstruction, echocardiographic hemodynamic
parameters, access site complications, myocardial infarction,
stroke, permanent pacemaker implantation, bleeding, acute
kidney injury, and rehospitalization at the 30-day follow-up and
last clinical follow-up, were also evaluated. LVOT obstruction in
this study was defined as a severe hemodynamic compromise.
In addition, we collected data on procedure details, length
of postprocedural hospital stay, and the New York Heart
Association (NYHA) class at 30 days and last follow-up.

All the patients underwent transesophageal echocardiography
examinations during the procedure and were followed-up using
transthoracic echocardiography at discharge, 1 month, 3–6
months, 1 year, and once every year.

Statistical Methods
Categorical variables are expressed as numbers and percentages.
Normal variables are expressed as the mean ±SD. Nonnormally
distributed parameters are presented using medians
(interquartile ranges). The Kaplan–Meier survival curves
were used to analyze survival. Statistical analysis was conducted
using the SPSS software (version 20.0; SPSS Incorporation,
Chicago, Illinois, USA).

RESULTS

Baseline Clinical Characteristics
Between May 2019 and June 2021, 26 consecutive patients
(18 female; mean age 75.3 ± 7.1 years) with symptomatic
bioprosthetic mitral valve dysfunction (regurgitation and/or
stenosis) at eight centers underwent TMVIV. The indications for
the TMVIV procedure were severe prosthetic stenosis in four
patients, severe regurgitation in 21 patients, or a combination of
stenosis and regurgitation in one patient. The mean Society of
Thoracic Surgeons Predicted Risk of Mortality score was 12.3 ±
8.3%. Furthermore, the mean pulmonary artery systolic pressure
was 61.8 ± 17.3mm Hg and the mean left ventricular ejection
fraction was 63.4 ± 5.8%. All the patients had heart failure
symptoms with the NYHA classification III or IV at admission.
The baseline characteristics of 26 patients are shown in Table 1.

Procedure Details
Detailed characteristics of the failed bioprostheses and valve-
in-valve procedure are shown in Table 2. The average duration
from surgical valve replacement to bioprosthetic failure was
11.0 ± 2.6 years. Transapical valve-in-valve implantation was
performed for all the patients. Balloon dilatation was performed

TABLE 1 | Baseline clinical characteristics.

Variables N = 26

Age, years 75.3 ± 7.1

Female 18 (69.2)

Body mass index, Kg/m2 22.8 ± 3.6

NYHA class III 15 (57.7)

NYHA class IV 11 (42.3)

STS, % 12.3 ± 8.3

Hypertension 16 (61.5)

Diabetes mellitus 6 (23.1)

Stroke 3 (11.5)

Atrial fibrillation 17 (65.4)

Chronic lung disease 1 (3.8)

Anemia 8 (30.8)

Prior CABG 1 (3.8)

Second redo cardiac surgery 1 (3.8)

Pulmonary Edema 2 (7.7)

ECMO 1 (3.8)

Emergency surgery 3 (11.5)

Mitral bioprosthetic dysfunction

Duration, years 11.0 ± 2.6

Regurgitation 21 (80.8)

Stenosis 4 (15.4)

Combination 1 (3.8)

Tricuspid regurgitation

Moderate 7 (26.9)

Severe 9 (34.6)

LA diameter, mm 54.8 ± 10.0

PASP, mmHg 61.8 ± 17.3

LVEF, % 63.4 ± 5.8

NYHA, New York Heart Association; STS, Society of Thoracic Surgeons; CABG, coronary

artery bypass grafting; ECMO, extracorporeal membrane oxygenation; LA, left atrium;

PASP, pulmonary artery systolic pressure; LVEF, left ventricular ejection fraction. Values

are mean ± SD or n (%).

in five prosthetic stenosis cases before J-Valve implantation
(patient numbers 3, 4, 10, 13, and 15), and balloon dilatation was
performed in all the patients after J-Valve implantation.

Other procedural results and 30-day outcomes are shown in
Table 3. The technical success rate was 96.2%, as defined by
the MVARC. One patient (patient number 14) needed second
J-Valve implantation because one prolapsed leaflet of the SHV
occluded the inflow tract after the first J-Valve implantation.
Transcatheter aortic valve replacement (TAVR) with the J-
Valve was simultaneously performed in one patient (patient
number 14).

30-Day Outcomes
One patient (3.8%) died of pulmonary infection 8 days
after the TMVIV procedure. No device embolization, LVOT
obstruction, mitral valve reintervention, or neurological
complications occurred. One patient (3.8%) developed
acute kidney injury and renal function had recovered at
discharge. One patient (3.8%) needed surgery via the left
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TABLE 2 | Detailed characteristics of the failed bioprostheses and valve-in-valve procedure.

Pt Failed

prosthesis

type

Age

year

Failure

Mode

Label

Size

mm

True ID

mm

S3

size

by app

J-Valve

size mm

Oversizing

mm

Balloon

Dilatation

Peak/Mean

transvalvular

gradient, mmHg

MR grade

(0–4)

S3 J-Valve Pre Post Pre Post Pre Post

1 Hancock II 10 MR 27 22 23 25 +1 +3 NO YES 34/14 10/5 4 1

2 Perimount 10 MR 25 23 26 23 +3 0 NO YES 29/14 14/5 4 1

3 Hancock II 10 MS 27 22 23 25 +1 +3 YES YES 50/27 18/9 2 1

4 Epic 10 MS 29 25 26 27 +1 +2 YES YES 45/21 11/7 1 0

5 Hancock II 12 MR 27 22 23 23 +1 +1 NO YES 25/9 10/6 4 1

6 CE Standard 7 MR 27 23 26 23 +3 0 NO YES 27/14 10/6 4 1

7 Hancock II 10 MR 29 24 26 25 +2 +1 NO YES NA 7/5 4 1

8 Hancock II 13 MR 29 24 26 25 +2 +1 NO YES 21/9 7/3 4 1

9 Hancock II 11 MR 27 22 23 25 +1 +3 NO YES 38/NA 28/NA 4 0

10 Perimount 15 MS 27 25 26 25 +1 0 YES YES 41/NA 14/NA 2 1

11 Hancock II 11 MR 27 22 23 25 +1 +3 NO YES NA 6/4 4 0

12 Hancock II 10 MR 29 24 26 25 +2 +1 NO YES 29/6 11/4 4 0

13 Perimount 17 MS + MR 27 25 26 23 +1 −2 YES YES 29/NA 9.0/NA 2 1

14 Epic 14 MR 29 25 26 25 + 23 +1 0 NO YES 38/13 22/9 4 1

15 Perimount 15 MS 27 25 26 25 +1 0 YES YES 40/23 6/3 1 1

16 CE Standard 9 MR 29 25 26 25 +1 0 NO YES 15/7 6/4 4 1

17 Epic 8 MR 27 23 26 25 +3 +2 NO YES 21/9 7/4 4 1

18 Epic 11 MR 27 23 26 23 +3 0 NO YES 19/8 12/7 4 1

19 Hancock II 11 MR 27 22 23 23 +1 +1 NO YES 19/7 10/5 4 1

20 Hancock II 10 MR 29 24 26 25 +2 +1 NO YES NA NA/4 4 1

21 Hancock II 13 MR 29 24 26 25 +2 +1 NO YES 13/7 9/4 4 1

22 Epic 6 MR 27 23 26 23 +3 0 NO YES 16/9 11/6 4 1

23 Perimount 15 MR 27 25 26 25 +1 0 NO YES 16/7 13/5 4 1

24 Hancock II 10 MR 27 22 23 23 +1 +1 NO YES 18/10 16/9 4 1

25 CE Standard 8 MR 29 25 26 25 +1 0 NO YES 29/9 10/4 4 1

26 Hancock II 10 MR 25 20.5 23 23 +2.5 +2.5 NO YES 16/7 13/9 4 1

PT, patient; ID, internal diameter; S3, Sapien 3 (Edwards Lifesciences Incorporation, Irvine, California, USA); THV, transcatheter heart valve; MR, mitral regurgitation; CE, Carpentier-Edwards; NA, not available; MS, mitral stenosis; grade

(0–4): 0 = none; 1 = trace; 2 = mild; 3 = moderate; 4 = severe.

F
ro
n
tie
rs

in
C
a
rd
io
va
sc

u
la
r
M
e
d
ic
in
e
|w

w
w
.fro

n
tie
rsin

.o
rg

5
Ja

n
u
a
ry

2
0
2
2
|
V
o
lu
m
e
8
|A

rtic
le
7
8
3
5
0
7

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Lu et al. TMVIV Using the J-Valve

TABLE 3 | Procedural details and 30-day outcomes.

Variables N = 26

Procedural details

Transapical access 26 (100)

J-Valve 26 (100)

THV size strategy

Oversizing 15 (57.7)

“True sizing” 9 (34.6)

Downsizing 1 (3.8)

MVARC technical success 25 (96.2)

Simultaneously TAVR 1 (3.8)

Contrast dose, ml 40 (20,140)

Procedural complications 1 (3.8)

Conversion to surgery 0

Need for second THV implantation 1 (3.8)

Dislocation 0

LVOT obstruction 0

Left ventricular perforation 0

30-day outcomes

Peak MVG, mmHg 11.1 ± 5.1

Mean MVG, mmHg 5.8 ± 2.7

Mitral valve regurgitation ≥ mild 0

Death 1 (3.8)

Device-related death 0

Myocardial infarction 0

Stroke 0

Permanent pacemaker implantation 0

Access site complication 1 (3.8)

Life-threatening Bleeding 1 (3.8)

Acute kidney injury 1 (3.8)

Stage 1 1 (3.8)

Stage 2 or 3 0

Length of post-procedural hospital stay, days 8 (4,30)

Cardiovascular rehospitalization 0

Noncardiovascular rehospitalization 1 (3.8)

NYHA class ≥ III 0

THV, transcatheter heart valve; “true size: the size of transcatheter heart valve equal to the

internal diameter of a deteriorated prosthesis; MVARC, Mitral Valve Academic Research

Consortium; TAVR, transcatheter aortic valve replacement; LVOT, left ventricular outflow

tract; MVG, mitral valve gradient; NYHA, New York Heart Association. Values are mean ±

SD, n (%) or median (min, max).

thoracic incision for life-threatening bleeding. One patient
(3.8%) was rehospitalized because of pneumonia. The median
length of the postprocedural hospital stay was 8 days (range,
4–30). Heart failure symptoms were significantly reduced
and all the patients were at the NYHA II or less at the
30-day follow-up.

The peak mitral valve gradient (MVG) was 11.1± 5.1mm Hg
and the mean MVG was 5.8 ± 2.7mm Hg. In total, 14 of 23
(60.9%) patients had a mean gradient of 5mm Hg or less. The
severity of paravalvular leakage or regurgitation was ≤ mild for
all the patients. Notably, all the patients showed heart function
improvement and were in the NYHA class≤ II.

FIGURE 4 | Mortality after transapical mitral valve-in-valve implantation. The

Kaplan–Meier analysis of overall survival in patients who underwent transapical

mitral valve-in-valve (n = 26).

1-Year Follow-Up Outcomes
The median follow-up time was 370 days (range, 8–762 days).
Only one patient had a postoperative follow-up time of less
than 3 months. All-cause mortality was 16.0% and device-related
mortality was 0%. The overall survival during follow-up is
given in Figure 4. One patient (patient number 11) developed a
hemorrhagic stroke from vitamin K antagonist overdose 251 days
after TMVIV and she died of central nervous system infection
15 days after emergency lateral ventricular drainage. Another
patient (patient number 13) with atrial fibrillation died of severe
hemorrhagic stroke 375 days after TMVIV. One patient (patient
number 3) died of pneumonia 520 days after implantation.
One patient (patient number 5) with atrial fibrillation developed
ischemic stroke from insufficient anticoagulation 228 days after
TMVIV and had recovered without disability at the last visit.
One patient (patient number 2) needed rehospitalization for
tachycardia from atrial fibrillation. No patient experienced
valve-related reintervention, device embolization, myocardial
infarction, dialysis, or new pacemaker implantation.

The peak MVG was 16.9 ± 5.2mm Hg and the mean MVG
was 6.4 ± 2.7mm Hg. Postprocedural mitral regurgitation was
none or trace in all the patients. The mean left ventricular
ejection fraction was 63.2 ± 4.6% and all the patients were in
the NYHA class ≤ II. The last follow-up clinical outcomes are
shown in Table 4.

DISCUSSION

This study demonstrates the feasibility of the J-Valve for use
in TMVIV in patients with degenerated mitral bioprostheses to
treat mitral regurgitation, mitral stenosis, or a combination of
the two. The MVARC-defined technical success rate with the J-
Valve was 96.2%, which is comparable to that reported in the
TMVIV multicenter registry study of 94.6% (7). TMVIV using
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TABLE 4 | One-year outcomes.

Variables N = 25

All-cause death 4 (16.0)

Device-related death 0

Stroke 3 (12.0)

Ischemic stroke 1 (4.0)

Hemorrhagic stroke 2 (8.0)

Access site complication 1 (4.0)

Valve-related reintervention 0

Device embolization 0

New dialysis requirement 0

New pacemaker implantation 0

Mitral valve regurgitation ≥ mild 0

Peak MVG, mmHg 16.9 ± 5.2

Mean MVG, mmHg 6.4 ± 2.7

LVEF, 63.2 ± 4.6

PASP, mmHg 42.4 ± 10.4

Cardiovascular rehospitalization 1 (4.0)

NYHA class ≥ III 0

MVG, mitral valve gradient; LVEF, left ventricular ejection fraction; PASP, pulmonary artery

systolic pressure; NYHA, New York Heart Association. Values are mean ± SD or n (%).

the J-Valve was also associated with good short-term outcomes.
This study showed 3.8% all-cause mortality at the 30-day follow-
up and 16.0% at 1-year follow-up, whereas the 30-day and 1-year
all-cause mortality in the Transcatheter Valve Therapy Registry
(5) were 5.4 and 16.7%, respectively. The stroke rates were 0
and 12.0% at the 30-day and 1-year follow-ups, respectively,
and 1.1 and 3.3% in the previous report (5). No device-related
death, device embolization, or LVOT obstruction occurred. All
the patients experienced a clinically important improvement in
heart failure symptoms during follow-up. The hemodynamic
performance was acceptable after the TMVIV procedure with the
J-Valve. The mean MVG was 5.8mm Hg and 6.4mm Hg at the
30-day and 1-year follow-ups, respectively, which is comparable
to those in the TMVIV multicenter registry study of 7.3mm Hg
and 7.0mm Hg, respectively (7). No patient had more than mild
mitral regurgitation or required valve-related reintervention after
TMVIV during follow-up.

In the TAVR procedure, the J-Valve System can fix the
native aortic valves in the middle of its locators and frame,
which can offer robust support to reduce the risk of left
ventricular dislocation (10, 11). In addition, the J-Valve is the
low-profile THV that is suitable for TMVIV implantation. In
in vitro test, the locators could be deployed in the “sinuses”
of the SHVs (Figure 3). The construction of the J-Valve with
the locators could also reduce the risk of embolization, as it
works in the aortic position. Inspired by these features, we
initially applied the J-Valve in the TMVIV procedure as a second
choice in the treatment of high-risk surgical patients with mitral
bioprosthetic deterioration.

Currently, the Sapien 3 (Edwards Lifesciences Incorporation,
Irvine, California, USA) is used as the standard THV for most
TMVIV interventions with good short-term outcomes (7, 15). To
avoid embolization, it is important to avoid parallel deployment

FIGURE 5 | The oversizing transcatheter heart valves implantation inside

different surgical heart valves in vitro. Pinwheel-like leaflets of underexpanded

transcatheter heart valves. A 23-mm J-Valve inside a 25-mm epic (internal

diameter of 21mm).

and achieve conical deployment with an oversizing strategy (8).
Unlike with the Sapien XT (Edwards Lifesciences Incorporation,
Irvine, California, USA) (16), interventionists tend to select the
proper Sapien 3 size selection following a slightly oversizing
principle for its favorable extensibility. In the early exploration of
the J-Valve system, interventionalists also performed the TMVIV
procedure using an oversizing strategy that would lead to under
expansion of the leaflets (Figure 5). Nevertheless, the J-Valve can
be sized according to the ID of the SHV for the robust fixation
of locators to reduce the risk of dislocation (Figures 6A–P).
In this analysis cohort, 34.6% of patients underwent TMVIV
according to the principle of “true sizing.” Notably, 13 of
the deteriorated SHVs in these patients were the Hancock II
(Medtronic, Minneapolis, Minnesota, USA) whose label sizes of
29, 27, and 25mm were corresponded to IDs of 24, 22, and
20.5mm, respectively. Therefore, “true sizing” was unlikely to
occur in patients with a Hancock II (Table 2). When the SHVs
of the Hancock II were excluded, nine of 13 patients (69.2%)
underwent TMVIV with the principle of “true sizing” (Table 2).
No patient had experienced valve dislocation by the last follow-
up. Therefore, TMVIV with a J-Valve system of “true sizing” may
be feasible and would theoretically result in fully unfolded leaflets
(Figures 6A,I,M), a lower gradient, and longer durability.

Left ventricular outflow tract obstruction is a potentially
disastrous complication of TMVIV and predicting this condition
still poses a challenge. The expected neo-LVOT area measured
from cardiac CT is used to assess the risk of LVOT obstruction
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FIGURE 6 | The transcatheter heart valves implantation inside the different surgical heart valves. Photos of surgical bioprosthetic mitral valves with J-Valve

implantation in vitro (left 2 panels) and fluoroscopic images before (third panel) and after (fourth panel) implantation. (A,B) A 23-mm J-Valve inside a 25-mm Perimount

(internal diameter of 23mm). (C,D) A 25-mm J-Valve inside a 27-mm Perimount (internal diameter of 25mm); (E,F) A 21-mm J-Valve inside a 25-mm Mosaic (internal

diameter of 20.5mm); (G,H) A 25-mm J-Valve inside a 29-mm Hancock II (internal diameter of 24mm); (I,J) A 21-mm J-Valve inside a 25mm Epic (internal diameter

of 21mm); (K,L) A 23-mm J-Valve inside a 27-mm Epic (internal diameter of 23mm). (M,N) A 25-mm J-Valve inside a 29-mm Carpentier-Edwards porcine (internal

diameter of 25mm). (O,P) A 25-mm J-Valve inside a 29-mm Carpentier-Edwards supra-annular valve (internal diameter of 25mm).

caused by transcatheter mitral valve replacement (17, 18). All the
patients in this study underwentmultislice CT to evaluate the risk
of LVOT obstruction and no patient in this study had a predicted
neo-LVOT area < 200 mm2 (Figures 2A,B).

At the time of surgical implantation, most surgeons prefer
orienting SHVs such that two posts straddle the LVOT rather
than the posterior annulus so that there is no strut occluding
the LVOT. However, the SHV orientation does not influence
the risk of LVOT obstruction during a TMVIV procedure with
Sapien valves because the height of the skirt is lower than the
leaflets of the SHV (19). In contrast, the frame and skirt of the
J-Valve are wavelike (Figure 1A) and with the fixation of the

locators, the struts of the J-Valve usually overlap the struts of the
SHV (Figures 6B,F,J,N). This characteristic would not increase
the risk of LVOT obstruction. However, the length of the bovine
pericardial leaflets of the Perimount (SHV; Edwards Lifesciences
Incorporation, Irvine, California, USA) is longer than J-Valve’s
frame (Figure 6B) or the other THVs, which might increase the
risk of LVOT obstruction.

Previous studies have demonstrated transfemoral MVIV to
be safer than transapical implantation with fewer complications
and lower mortality (7, 15). The J-Valve system was primarily
designed for transapical TAVR and the transfemoral J-Valve
system is still under clinical trials. We had to perform the
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procedure via transapical access rather than transvenous access.
Similar to transapical aortic valve replacement, transapical
TMVIV offers short and straight access to the degenerated SHV
with good coaxial alignment. However, the transapical approach
in this study still promoted less safe 30-day outcomes than the
transfemoral approach in a large TMVIV study (7).

A previous study by Sung-Han Yoon et al. showed
a high incidence of valve thrombosis after TMVIV (15).
Nevertheless, anticoagulation therapy after TMVIV surgery is
still controversial. Given the high proportion of atrial fibrillation
(65.4%) in this cohort and the complex configuration of valve-
in-valve, anticoagulation with warfarin was recommended for
these patients for at least 6 months. However, two patients had
a hemorrhagic stroke and one patient had an ischemic stroke
during a 1-year follow-up. A retrospective review of the visit
data of the three patients revealed that the two patients with
hemorrhagic stroke both failed to regularlymonitor prothrombin
time. This may be the main reason why the stroke rate is
obviously higher than that reported in other studies (7, 15) and
it also suggests that anticoagulation education for the elderly
should be improved.

Although TMVIV is becoming a promising therapy in high-
risk patients with mitral bioprosthetic dysfunction and should be
considered a therapeutic option (7), patients with small SHVs
or low-risk patients may likely undergo redo surgical mitral
valve replacement. This is because elevated valve gradients, the
durability of the THVs, the optimal management of concomitant
TR, and optimal anticoagulation strategies are still unknown and
require further study (20).

LIMITATION

In addition to the inherent bias of observational studies, the
major limitation was that this study had a small sample size
and short-term follow-up, as it included only 26 patients with
a median follow-up time of 370 days (range, 8–762 days).
Moreover, the leaflets of the surgical valves in Figure 4 did
not deteriorate. Thus, these simulations could not authentically
represent valve-in-valve implantation in vivo.

CONCLUSION

Transcatheter implantation of the J-Valve system within a
degenerated mitral bioprosthesis via the transapical route is
feasible and associated with good short-term outcomes in high-
risk surgical patients. All the patients experienced improvements
in heart failure after discharge. Owing to the locator units, the J-
Valve system may be a good alternative to the TMVIV procedure

and its use may shed light on new devices customized for valve-
in-valve procedures.
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system. The J-Valve delivery system was inserted into the left ventricle and atrium

via a guidewire. The three locators were released first and the delivery catheter
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