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IMPORTANCE Bioprosthetic mitral valves are implanted with increasing frequency but
inevitably degenerate, leading to heart failure. Reoperation is associated with high morbidity
and mortality. Transcatheter mitral valve-in-valve (MViV) using balloon-expandable
transcatheter valves has emerged as an alternative for high–surgical risk patients.

OBJECTIVE To assess contemporary outcomes of SAPIEN 3 (Edwards Lifesciences) MViV
replacement.

DESIGN, SETTING, AND PARTICIPANTS In this registry-based prospective cohort study of
SAPIEN 3 MViV, patients entered in the Society of Thoracic Surgeons/American College of
Cardiology Transcatheter Valve Therapy Registry from June 2015 to July 2019 were analyzed.
US Centers for Medicare and Medicaid linkage ensured comprehensive collection of death
and stroke data.

EXPOSURES Mitral valve-in-valve for degenerated bioprosthetic mitral valves.

MAIN OUTCOMES AND MEASURES The primary efficacy end point was 1-year mortality. The
primary safety end point was procedural technical success as defined by the Mitral Valve
Academic Research Consortium criteria. Secondary end points included 30-day mortality,
New York Heart Association–defined heart failure, and mitral valve performance.

RESULTS A total of 1529 patients (mean [SD] age, 73.3 [11.84] years; 904 women [59.1%])
underwent transseptal or transapical MViV implant at 295 hospitals between June 2015 and
July 2019. The mean (SD) Society of Thoracic Surgeons predicted risk of mortality was 11.1%
(8.7%). Procedural technical success was achieved for 1480 of 1529 patients (96.8%).
All-cause mortality was 5.4% at 30 days and 16.7% at 1 year. Transseptal access was
associated with lower 1-year all-cause mortality than transapical access (15.8% vs 21.7%;
P = .03). Transcatheter MViV led to early, sustained, and clinically meaningful improvements
in heart failure (class III/IV New York Heart Association heart failure of 87.1% at baseline vs
9.7% at 1 year). The mean (SD) mitral valve gradient at 1 year was 7 (2.89) mm Hg.

CONCLUSIONS AND RELEVANCE Transcatheter MViV using the SAPIEN 3 transcatheter heart
valve is associated with high technical success, low 30-day and 1-year mortality, significant
improvement of heart failure symptoms, and sustained valve performance. Transseptal MViV
should be considered an option for most patients with failed surgical bioprosthetic valves and
favorable anatomy.
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M ore than 20 000 mitral valve replacements are per-
formed each year in the US, most of which are bio-
prosthetic with limited durability.1,2 Reoperation of

failed bioprosthetic mitral valves is associated with signifi-
cant morbidity and mortality.3-5 Surgical mitral bioprosthetic
valves are radiopaque, stented, and circular and therefore ideal
receptacles for balloon expandable transcatheter heart valves
(THVs) (Figure 1). Transcatheter mitral valve-in-valve (MViV)
replacement was explored early in the development of THVs
with transseptal (TS) and transapical (TA) approaches.6-11 Trans-
septal MViV involves transesophageal echo-guided TS punc-
ture and over-the-wire delivery of the THV through an ex-
pandable 14F or 16F sheath in the femoral vein.12 Transapical
access includes surgical exposure, access, and closure of the
left ventricular apex.

The US Centers for Medicare & Medicaid Services (CMS)
provides reimbursement for patients undergoing transcath-
eter aortic valve replacement receiving a US Food and Drug Ad-
ministration (FDA)–approved THV provided that hospitals par-
ticipate in a prospective, nationally audited registry that enrolls
consecutive patients and tracks outcomes. The Society of Tho-
racic Surgeons (STS) and the American College of Cardiology
(ACC) developed the STS/ACC Transcatheter Valve Therapy
(TVT) Registry with input from the FDA, CMS, and THV manu-
facturers. The TVT Registry began collecting MViV, mitral valve-
in-ring (MViR), and valve in mitral annular calcification (Vi-
MAC) procedures in July 2014. The 2016 and 2020 MViV/MViR/
ViMAC TVT Registry published reports demonstrated high rates
of procedure success and favorable mortality compared with
the STS predicted risk of operative mortality (PROM) but were
limited by high representation of the early clinical experi-
ence with several iterative generations of transcatheter valves
and frequent TA access.13,14

The SAPIEN 3 valve (Edwards Lifesciences) is a low-
profile, balloon-expandable, bovine pericardial valve mounted
in a chromium cobalt frame and was approved by the FDA for
commercial sale in June 2015. With availability of the low-
profile SAPIEN 3 valve and growing physician experience with
TS procedures, TS SAPIEN 3 MViV has become the predomi-
nant MViV procedure and is associated with high procedural
success and lower 30-day mortality than predicted by the STS
score.15 This current TVT Registry–based study was designed
to explore contemporary MViV outcomes with the SAPIEN 3
valve and the evolution of TA to TS access.

Methods
Participating centers used standardized definitions to collect
clinical information, including patient demographic charac-
teristics, comorbidities, functional status, quality of life in-
dexes, procedural details, and patient outcomes from con-
secutive MViV cases using commercially approved devices. The
registry protocol was granted a waiver of informed consent by
Advarra and the Duke University institutional review boards.
Data were obtained from the registry for all 2144 patients un-
dergoing transcatheter mitral valve replacement with third-
generation balloon-expandable SAPIEN 3 THVs between

commercial approval for transcatheter aortic valve replace-
ment in June 2015 and July 2019. After excluding patients un-
dergoing MViR, ViMAC, and transatrial MViV implant and those
with insufficient data for classification, a cohort of 1529 pa-
tients (1326 undergoing TS [86.7%] and 203 undergoing TA
[13.3%]) was available for the primary analysis (eFigure 1 in the
Supplement).

Not all patients have reached the 1-year end point as of this
article’s publication. In addition, clinical follow-up is not al-
ways available through the TVT registry for patients who were
not followed up at the index hospital performing the MViV pro-
cedure. To overcome these limitations and ensure compre-
hensive collection of adverse events, patient survival and stroke
rates were determined with linked CMS administrative claims
data irrespective of patients following up at the hospital where
the MViV procedure was performed (eFigure 2 in the Supple-
ment). The TVT Registry follow-up data collected through mid-
July 2019 and CMS claims data available through December 31,
2018, were used in the analysis. Univariate and multivariable
analyses were conducted to determine predictors of proce-
dural and 1-year mortality. The analyses were performed by Ed-
wards Lifesciences on data from the TVT Registry and the au-
thors had control of data analysis as well as the contents of this
article.

Objectives and End Points
The primary objective of the study was to assess contempo-
rary outcomes of MViV using the SAPIEN 3 THV. The primary
efficacy end point was all-cause mortality at 1 year. The pri-
mary safety end point was procedural technical success de-
fined per Mitral Valve Academic Research Consortium (MVARC)
criteria at exit from the hybrid suite as patient alive with suc-
cessful access, delivery, and retrieval of the device delivery sys-
tem, successful deployment and correct position of the first
intended device, and freedom from emergency surgery or re-
intervention associated with the device or access procedure.16

Secondary end points included procedural and in-hospital out-
comes, New York Heart Association (NYHA) class, quality of
life as defined by the 12-item Kansas City Cardiomyopathy
Questionnaire (KCCQ), adverse events at 30 days and 1 year,
and predictors of 1-year mortality. All adverse outcomes were
defined using MVARC definitions.16

Key Points
Question What are the contemporary outcomes of SAPIEN 3
(Edwards Lifesciences) transcatheter mitral valve-in-valve (MViV)
replacement?

Findings In this cohort study of 1529 high-risk patients who
received SAPIEN 3 MViV, procedural technical success was 96.8%
and all-cause mortality was 5.4% at 30 days and 16.7% at 1 year.
Transseptal access was associated with lower 1-year all-cause
mortality than transapical access

Meaning In this study, the transseptal SAPIEN 3 MViV was
associated with rare procedural complications and low mortality
and should be considered an option for most patients with failed
surgical bioprosthetic mitral valves.
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Statistical Analysis
Continuous variables were presented as mean (SD) or median
(interquartile range [IQR]) and were compared between groups
using the 2-sample t test or Wilcoxon rank sum test. Categori-
cal variables were given as frequencies and percentages and
were compared using the χ2 or Fisher exact test. The 30-day
and 1-year adverse event rates were based on Kaplan-Meier es-
timates and all comparisons were made using the log-rank test.
A multivariable analysis was also performed on TS and TA
groups to determine predictors of 1-year all-cause mortality.
Stepwise selection method of significant predictors was per-
formed using enter and exit criterion of P = .10. The candi-
date covariates were endocarditis, permanent pacemaker, prior
percutaneous coronary intervention, prior coronary artery by-
pass grafting, peripheral artery disease, diabetes, currently re-
ceiving dialysis, chronic obstructive pulmonary disease, im-
munocompromise present, prior myocardial infarction, heart
failure within 2 weeks, NYHA class within 2 weeks, cardio-
genic shock within 24 hours, atrial fibrillation/flutter, left
ventricular ejection fraction, mitral insufficiency, tricuspid in-
sufficiency, cardiopulmonary bypass, procedure duration, fluo-
roscopy time, device success, perforation with or without tam-
ponade, conversion to open heart surgery, baseline KCCQ
overall summary score, baseline glomerular filtration rate, cre-
atinine levels, hemoglobin levels, and TS vs TA was forced into
the model. Missing baseline characteristic values are also pro-
vided in eTable 1 in the Supplement. All statistical analyses were
performed using SAS, version 9.4 (SAS Institute), and statis-
tical significance was set at a 2-sided P< .05 without multi-
plicity adjustment.

Results
Registry Population and Baseline Characteristics
A total of 2144 patients underwent SAPIEN 3 TMVR proce-
dures between June 2015 and July 2019 at 308 institutions in
the US. After excluding those with MViR, ViMAC, and trans-
atrial MViV implant and patients with insufficient data for
classification, 1529 patients (1326 undergoing TS [86.7%] and
203 undergoing TA [13.3%]) underwent SAPIEN 3 MViV at
295 sites and were included in the current analysis (eFigure 1
in Supplement). A total of 26 SAPIEN 3 MViV implants were

implanted at 14 sites during the second half of 2015. Partici-
pation has increased steadily with 630 cases (558 TS [88.6%],
61 TA [9.7%], 11 other cases [1.7%]) performed at 225 sites in
2018.

Baseline demographic and echocardiographic character-
istics are presented in Table 1. The mean (SD) patient age was
73.3 (11.8) years, and the mean (SD) STS PROM for surgical re-
operation was 11.1% (8.7%). Mitral stenosis (784 [55.4%]) was
more common than mitral regurgitation (351 [24.8%]) and
mixed disease (280 [19.8%]). The presence of paravalvular
mitral regurgitation is not captured in the TVT registry. Mod-
erate to severe tricuspid regurgitation was present in 848
patients (55.7%). Prior coronary artery bypass surgery was more
common among patients undergoing TA than TS (41.4% vs
33.4%; P = .03). Otherwise, there were no significant demo-
graphic or echocardiographic differences between patients un-
dergoing TS and TA.

Procedure and In-Hospital Outcomes
Commonly implanted SAPIEN 3 valves included the 29-mm
(774 [50.6%]) and 26-mm (633 [41.4%]) sizes, while 23-mm (119
[7.8%]) and 20-mm (3 [0.2%]) valves were implanted infre-
quently. Iatrogenic atrial septal defects were closed in 101 of
1326 TS procedures (7.6%) and the mean (SD) procedure du-
ration was 127 (65.8) minutes.

The primary safety end point of technical success de-
fined per MVARC criteria at exit from the hybrid suite was
achieved for 1480 patients (96.8%; 97.1% TS vs 94.6% TA;
P = .08). Procedural complications were rare; included stroke
(10 [0.7%]), device embolization (0.3%), LVOT obstruction
(0.9%), and cardiac perforation (1.1%); and were similar with
TS and TA access. In-hospital all-cause mortality was ob-
served in 61 of 1529 patients (4%; 3.6% TS, 6.4% TA; P = .06).
In-hospital cardiovascular mortality was observed in 33 of 529
patients (2.2%) and was lower with TS access compared with
TA access (1.8% vs 4.4%; P = .03). Length of stay (median [IQR]
2 [1-5] vs 6 [3-9] days, P < .001) and discharge to home (82.5%
vs 59.1%; P < .001) favored the TS approach. Most patients (1161
[80.8%]) were discharged with oral anticoagulants. The me-
dian number of TS SAPIEN 3 MViV procedures performed per
site during the analysis period was 3 (IQR, 1-6) and the me-
dian number of TA procedures was 1 (IQR, 1-3) (Table 2; eFig-
ure 3 in Supplement).

Figure 1. SAPIEN 3 Transcatheter Heart Valve , Transseptal, and Transapical Access Approaches

SAPIEN 3 within stented bioprosthetic valveA Transapical mitral valve-in-valveCTransseptal mitral valve-in-valveB

A, SAPIEN 3 (Edwards Lifesciences)
within the stented bioprosthetic
valve. B, Transseptal mitral
valve-in-valve. C, Transapical mitral
valve-in-valve.
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Thirty-Day and 1-Year Outcomes
Outcomes at 30 days and 1 year are shown in Table 3 and
Kaplan-Meier survival curves for the TA and TS cohorts are
shown in Figure 2. The primary efficacy end point, 1-year
all-cause mortality, was 16.7%. At 30 days, all-cause mortal-
ity was 5.4%, which represents an observed to expected
ratio of 0.49 compared with surgical reoperation. Cardio-
vascular mortality at 30 days and 1 year was 2.5% and 3.9%,
respectively. Transseptal access was associated with lower
1-year all-cause mortality than TA access (15.8% vs 21.7%;
P = .03) and a trend toward lower mortality at 30 days
(TS, 5.0% vs TA, 8.1%; P = .07). Transseptal and TA access
demonstrated favorable observed to expected ratios (TS,
0.45; TA, 0.69).

Transcatheter MViV led to early, sustained, and clinically
meaningful improvements in heart failure and quality of life
(Table 3; eFigure 4 in the Supplement). While 1315 patients
(87.1%) demonstrated NYHA class III or IV heart failure at base-
line, 318 patients (90.3%) demonstrated class I or II NYHA heart
failure at 1 year without significant differences between TS and
TA access. The KCCQ-defined quality of life improved mark-
edly from baseline to 30 days (35.5 points), with continued im-
provement to 1 year (39.4 points), which was similar in both
groups. Predictors of 1-year all-cause mortality are shown in

eTable 2 in the Supplement. Predictors of 1-year mortality by
multivariable analysis include TS vs TA approach (hazard ra-
tio [HR], 0.58; 95% CI, 0.37-0.90; P = .01), cardiogenic shock
within 24 hours (HR, 2.28; 95% CI, 1.14-4.57; P = .02), and mod-
erate or severe tricuspid regurgitation (HR, 1.81; 95% CI, 1.16-
2.84; P = .01). Left ventricular perforation with or without
tamponade was associated with an HR of 70.6 (95% CI,
28.51-174.7; P < .001) of 1-year mortality in multivariable
analysis. In patients with an STS PROM of less than 4%, the
observed 1-year mortality was 4.0%. In patients with an STS
PROM between 4% and 8%, the 1-year mortality was 9.5%;
in patients with an STS PROM of greater than 8, it was 22.3%
(eFigure 5 in Supplement).

The mean (SD) mitral valve gradient was 7.3 (2.73) mm Hg
at 30 days and 7.0 (2.89) mm Hg at 1 year (Table 3). At 1 year,
patients who received 26-mm or 29-mm SAPIEN 3 THVs had
a mean (SD) gradient of 6.9 mm Hg while patients who re-
ceived 20-mm or 23-mm SAPIEN 3 THVs had a mean gradient
of 8.7 mm Hg (P = .003). One-year mortality was lower among
patients receiving 26-mm or 29-mm valves than 20-mm or
23-mm valves (15.6% vs 28.9%; P < .001) (eFigure 6 in the
Supplement). Device thrombosis at 1 year was rare (0.5%;
Table 3). Among the 14 patients who developed in-hospital
LVOT obstruction, 3 died within 30 days and 4 within 1 year.

Table 1. Baseline Clinical and Echocardiography Characteristics

Characteristic

No./total No. (%) of patients

P value
Transseptal
(n = 1326) Transapical (n = 203)

Combined
(N = 1529)

Clinical characteristic

Age, mean (SD), y 73.4 (11.86) 72.6 (11.66) 73.3 (11.84) .36

Women 785/1326 (59.2) 119/203 (58.6) 904/1529 (59.1) .88

NYHA class

I 18/1308 (1.4) 2/202 (1.0) 20/1510 (1.3) >.99

II 159/1308 (12.2) 16/202 (7.9) 175/1510 (11.6) .08

III 735/1308 (56.2) 114/202 (56.4) 849/1510 (56.2) .95

IV 396/1308 (30.3) 70/202 (34.7) 466/1510 (30.9) .21

Atrial fibrillation 952/1325 (71.8) 130/203 (64) 1082/1528 (70.8) .02

Prior stroke 232/1325 (17.5) 31/202 (15.3) 263/1527 (17.2) .45

COPD 607/1314 (46.2) 95/202 (47) 702/1516 (46.3) .82

Currently receiving dialysis 70/1325 (5.3) 12/203 (5.9) 82/1528 (5.4) .71

Prior CABG 442/1322 (33.4) 84/203 (41.4) 526/1525 (34.5) .03

Prior AVP 315/1325 (23.8) 49/203 (24.1) 364/1528 (23.8) .91

Hostile chest 223/1326 (16.8) 45/203 (22.2) 268/1529 (17.5) .06

STS score, mean (SD) 11.0 (8.58) 11.7 (9.46) 11.1 (8.70) .30

STS, ≤4% 157/1256 (12.5) 30/192 (15.6) 187/1448 (12.9) .25

4% < STS ≤ 8% 407/1256 (32.4) 49/192 (25.5) 456/1448 (31.5) .07

STS, >8% 69/1256 (55.1) 113/192 (58.9) 805/1448 (55.6) .35

Echocardiography characteristic

LV ejection fraction, mean (SD), % 54.9 (12.14) 54.1 (11.51) 54.8 (12.06) .36

Mean MVG, mean (SD), mm Hg 12.6 (5.48) 13.3 (5.35) 12.7 (5.47) .08

Tricuspid insufficiency
(moderate-severe)

734/1320 (55.6) 114/203 (56.2) 848/1523 (55.7) .88

Primary MV pathology

Stenosis 682/1226 (55.6) 102/189 (54.0) 784/1415 (55.4) .65

Regurgitation 306/1226 (25.0) 45/189 (23.8) 351/1415 (24.8) .79

MS and MR 238/1226 (19.4) 42/189 (22.2) 280/1415 (19.8) .38

Abbreviations: AVP, aortic valve
procedure; CABG, coronary artery
bypass grafting; COPD, chronic
obstructive pulmonary disease;
LV, left ventricular; MR, mitral
regurgitation; MS, mitral stenosis;
MV, mitral valve; MVG, mitral valve
gradient; NYHA, New York Heart
Association; STS, Society of Thoracic
Surgeons.
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Discussion

Transcatheter MViV using the SAPIEN 3 THV was associated
with high technical success, few complications, and 30-day
mortality rates markedly lower than predicted by the STS score.
Most patients experienced clinically important improvement
in heart failure symptoms and quality of life by 30 days that
were maintained at 1 year. Transseptal access was associated
with lower mortality compared with TA access and was an in-
dependent predictor of lower mortality at 1 year. All-cause and
cardiovascular mortality at all intervals were lower in this analy-
sis than prior registries, possibly because of the preponder-
ance of TS access in this contemporary analysis. To our knowl-
edge, this is the first registry to demonstrate the superiority
of TS compared with TA access, perhaps because of a smaller
TS sample size in prior studies.17

With the 1326 transseptal procedures divided between
268 centers yielding a median (IQR) implant volume of only 3
(1-6) implants per enrolling site, outstanding procedural suc-
cess (97.1%) and low in-hospital cardiovascular mortality
(1.8%) demonstrate the safety of TS MViV even early in the

procedure’s learning curve. Nevertheless, a longitudinal
analysis has demonstrated lower 30-day mortality with each
successive year since 2015 (eFigure 7 in the Supplement). A
major inflection point roughly coincides with the FDA
approval of the SAPIEN 3 valve and a transition from TA to TS
procedures, followed by continually improving outcomes
after 2015 consistent with increased MViV experience and
increasing conversion to TS access.

The observed mean mitral valve gradients were mod-
estly higher than historical observations of newly implanted
surgical mitral bioprosthetic valves but lower than thresh-
olds of prosthesis patient mismatch18; they were also similar
to other registries of transcatheter MViV.15,17 Smaller (20-mm
and 23-mm) SAPIEN 3 THVs were associated with increased
gradients and increased mortality; however, patients receiv-
ing 20-mm or 23-mm valves had more comorbidities at base-
line (eTable 3 in the Supplement). Valve performance was
maintained at 1 year and valve thrombosis was rare. As oral an-
ticoagulation has been recommended based on observations
of MViV associated thrombosis,15,19 and many patients were
already receiving anticoagulation because of underlying atrial
fibrillation, most patients in this registry (80.8%) were dis-

Table 2. Procedural and In-Hospital Outcomes

Outcomes

No./total No. (%) of patients

P valueTransseptal (n = 1326) Transapical (n = 203)
Combined
(N = 1529)

Procedural outcomes

Implant volume per site, median
(IQR)

3 (1-6) 1 (1-3) 3 (1-7) NA

MVARC technical successa 1288/1326 (97.1) 192/203 (94.6) 1480/1529 (96.8) .08

SAPIEN 3 implanted

20-mm 3/1326 (0.2) 0/203 (0) 3/1529 (0.2) >.99

23-mm 101/1326 (7.6) 18/203 (8.9) 119/1529 (7.8) .54

26-mm 553/1326 (41.7) 80/203 (39.4) 633/1529 (41.4) .54

29-mm 669/1326 (50.5) 105/203 (51.7) 774/1529 (50.6) .74

Procedural time, mean (SD), min 125.8 (64.3) 138.4 (73.9) 127.4 (65.8) .02

Fluoroscopy time, mean (SD), min 37 (25.7) 18.2 (13.0) 34.6 (25.2) <.001

Procedure aborted 7/1326 (0.5) 1/203 (0.5) 8/1529 (0.5) >.99

Device embolization 3/1326 (0.2) 1/203 (0.5) 4/1529 (0.3) .43

Cardiac perforation 14/1326 (1.1) 3/203 (1.5) 17/1529 (1.1) .48

Conversion to open surgery 9/1326 (0.7) 5/203 (2.5) 14/1529 (0.9) .03

Need for second valve 0/1326 (0) 0/203 (0) 0/1529 (0) NA

ASD closure 101/1326 (7.6) 0/203 (0) 101/1529 (6.6) NA

Anticoagulation at discharge 1027/1255 (81.8) 134/182 (73.6) 1161/1437 (80.8) .01

In-hospital outcomes

All-cause mortality 48/1326 (3.6) 13/203 (6.4) 61/1529 (4.0) .06

Cardiovascular death 24/1326 (1.8) 9/203 (4.4) 33/1529 (2.2) .03

Stroke 9/1326 (0.7) 1/203 (0.5) 10/1529 (0.7) >.99

Mitral valve reintervention 4/1326 (0.3) 1/203 (0.5) 5/1529 (0.3) .51

LVOT obstruction 10/1326 (0.8) 4/203 (2) 14/1529 (0.9) .10

New pacemaker 15/1326 (1.1) 4/203 (2.0) 19/1529 (1.2) .30

Periprocedural MI 4/1326 (0.3) 1/203 (0.5) 5/1529 (0.3) .51

Device thrombosis 2/1326 (0.2) 1/203 (0.5) 3/1529 (0.2) .35

Major vascular complications 16/1326 (1.2) 5/203 (2.5) 21/1529 (1.4) .18

Length of stay, median (IQR) 2 (1-5) 6 (3-9) 3.0 (2.0-6.0) <.001

Discharged home 1094/1326 (82.5) 120/203 (59.1) 1214/1529 (79.4) <.001

Abbreviations: ASD, atrial septal
defect; IQR, interquartile range;
LVOT, left ventricular outflow tract;
MI, myocardial infarction;
MVARC, mitral valve academic
research consortium; NA, not
applicable.
a MVARC technical success was

defined as at exit from the hybrid
suite, patient is alive with successful
access, delivery, and retrieval of the
device delivery system, successful
deployment and correct position of
the first intended device, and
freedom from emergency surgery or
reintervention associated with the
device or access procedure.
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charged with oral anticoagulants. The choice of oral antico-
agulant, targeted or achieved level of anticoagulation, or use
of anticoagulation during follow-up are not captured in the TVT
Registry. In the absence of MViV anticoagulation guidelines,
physicians may consider the guidelines for surgical biopros-
thetic valves, which suggest anticoagulation with a vitamin K
antagonist to achieve an International Normalized Ratio of 2.5
is reasonable for at least 3 months and for as long as 6 months
after surgical bioprosthetic mitral valve repair in patients at low
risk of bleeding.20 Additional studies are indicated to define
the long-term durability of transcatheter mitral valves and the
role of anticoagulants, including direct oral anticoagulants, to
prevent MViV thrombosis. Anticoagulation should be dis-
cussed with patients considering MViV replacement. Addi-
tional studies are also indicated to define the risks of late MViV
thrombosis, the association of mitral THV gradients with lon-

gevity, and the potential benefit of mitral bioprosthesis frac-
ture to optimize THV gradients.21

Ventricular perforation is a largely preventable procedure-
associated adverse event associated with mortality. Ventricu-
lar perforation has been observed when wires with an abrupt
stiff-to-floppy transition kink, resulting in a sharp leading edge.
With 17 perforation events, this was a rare event that de-
creased over time consistent with improved wire selection and
training.

Left ventricular outflow tract (LVOT) obstruction was ob-
served in 14 MViV procedures (0.9%); 3 individuals died at 30
days. The use and implications of preprocedure computed to-
mographic (CT) planning is not reported in the TVT Registry
while the definition and implications of LVOT obstruction are
loosely defined. As LVOT obstruction is a preventable and po-
tentially lethal complication, preprocedure CT imaging is

Table 3. Thirty-Day and 1-Year Outcomesa

Outcome

No./total No. (%) of patients

P value
Transseptal
(n = 1326) Transapical (n = 203)

Combined
(N = 1529)

30-d Outcomes

All-cause mortality 62 (5.0) 16 (8.1) 78 (5.4) .07

Cardiovascular death 26 (2.1) 10 (5.1) 36 (2.5) .01

Observed:expected ratio 0.45 0.69 0.49 NA

Stroke 14 (1.1) 2 (1) 16 (1.1) .91

Mitral valve reintervention 5 (0.4) 1 (0.5) 6 (0.4) .82

New dialysis requirement 18 (1.5) 6 (3.1) 24 (1.7) .10

New pacemaker 17 (1.4) 4 (2.0) 21 (1.4) .44

Device thrombosis 3 (0.2) 1 (0.5) 4 (0.3) .49

LV ejection fraction, mean (SD),
%

54.2 (11.73) 52.7 (12.55) 54.0 (11.84) .17

Mean MVG, mean (SD), mm Hg 7.4 (2.74) 7.2 (2.69) 7.3 (2.73) .50

30-d KCCQ improvement, mean
(SD)

35.3 (27.13) 37.4 (25.17) 35.5 (26.90) .47

30-d NYHA class

I 385/863 (44.6) 58/131 (44.3) 443/994 (44.6) .94

II 356/863 (41.3) 55/131 (42.0) 411/994 (41.3) .87

III 106/863 (12.3) 13/131 (9.9) 119/994 (12.0) .44

IV 16/863 (1.9) 5/131 (3.8) 21/994 (2.1) .18

1-y Outcomes

All-cause mortality 138 (15.8) 37 (21.7) 175 (16.7) .03

All-cause mortality No. at risk 438 97 535 NA

Cardiovascular death 36 (3.7) 11 (5.7) 47 (3.9) .07

Stroke 27 (3.3) 5 (3.5) 32 (3.3) .95

Mitral valve reintervention 8 (0.8) 1 (0.5) 9 (0.8) .78

New dialysis requirement 19 (1.6) 6 (3.1) 25 (1.8) .13

New pacemaker 21 (2.0) 5 (2.8) 26 (2.1) .44

Device thrombosis 4 (0.3) 2 (1.2) 6 (0.5) .17

LV ejection fraction, mean (SD), % 53.3 (11.52) 52.8 (13.11) 53.2 (11.76) .77

Mean MVG, mean (SD), mm Hg 7.0 (2.94) 7.0 (2.61) 7.0 (2.89) .99

1-y KCCQ Improvement, mean (SD) 40.2 (27.26) 35.3 (26.37) 39.4 (27.14) .27

1-y NYHA class

I 143/290 (49.3) 30/62 (48.4) 173/352 (49.1) .89

II 119/290 (41.0) 26/62 (41.9) 145/352 (41.2) .90

III 23/290 (7.9) 5/62 (8.1) 28/352 (8.0) >.99

IV 5/290 (1.7) 1/62 (1.6) 6/352 (1.7) >.99

Abbreviations: LV, left ventricular;
KCCQ, Kansas City Cardiomyopathy
Questionnaire; MVG, mitral valve
gradient; NYHA, New York Heart
Association.
a Event rates were calculated by

Kaplan-Meier methods.

Research Original Investigation One-Year Outcomes of Mitral Valve-in-Valve Using the SAPIEN 3 Transcatheter Heart Valve

E6 JAMA Cardiology Published online July 29, 2020 (Reprinted) jamacardiology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 08/05/2020

http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.2974


emphasized.22 The treatment for patients at risk for LVOT ob-
struction based on cardiac CT analysis should be individual-
ized based on operative risk, anatomy, and operator experi-
ence, with consideration for surgical replacement or LVOT
obstruction risk-reduction strategies, such as alcohol septal ab-
lation and radiofrequency laceration of the anterior pros-
thetic valve leaflet.23,24

Mitral valve-in-valve is currently indicated for patients
with degenerated bioprosthetic mitral valves and a high risk
for cardiovascular surgery. Consistent with this label, the
mean (SD) age of patients treated with MViV (73.3 [11.6]
years) is older and the predicted operative risk (STS PROM,
11.1; Table 1) is higher than patients undergoing reoperation
with isolated mitral valve replacement in the STS database
(age 64 years; STS PROM, 8).4 Despite treating an older and
higher-risk population, 30-day mortality was lower with
MViV than surgical reoperation.

Younger patients with degenerated mitral bioprosthetic
valves can potentially undergo reoperation with a low risk of
morbidity and mortality.25 However, each successive surgery

is associated with markedly escalating morbidity and
mortality.26 The choice of surgery vs MViV should anticipate
future interventions with limited durability of bioprosthetic
valves. As such, there is a clinical rationale to avoid reopera-
tion in even younger patients with a low operative risk. Me-
chanical mitral valves may be appropriate for some patients.
This study suggests that MViV is an appropriate option for most
patients with degenerated mitral valves and favorable anatomy
for whom a second bioprosthetic valve is being considered re-
gardless of age and surgical risk.

Limitations
The study has several limitations, including the inherent
limitations of an observational study with limited indepen-
dent adjudication of adverse events and potential underre-
porting of adverse events. There was no independent echo-
cardiographic core laboratory and the STS/ACC TVT Registry
database does not include a standard definition of LVOT
obstruction. The true incidence of prosthesis dysfunction
could be underestimated. Relative few TA procedures (n = 203)
were compared with more TS procedures (n = 1326), which
were performed more often once the technique and technol-
ogy matured. This observational registry study includes com-
plete quarterly data for all sites extracted through May 2019
and full quarterly data after May 2019 may not include all
sites.

Conclusions
Transcatheter MViV using the SAPIEN 3 is associated with high
technical success, a low complication rate, and 30-day mor-
tality rates lower than predicted by the STS score. Most pa-
tients experienced significant improvement of symptoms
and quality of life that were maintained at 1 year. Valve per-
formance was maintained at 1 year. Transseptal access was as-
sociated with lower mortality compared with TA access and
was an independent predictor of lower mortality at 1 year.
Transseptal MViV should be considered an option for most pa-
tients with failed surgical bioprosthesis who have favorable
anatomy electing bioprosthetic valve replacement.
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