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OBJECTIVES The purpose of this study was to examine the impact of residual mitral regurgitation (MR) on mortality in

patients undergoing transcatheter aortic valve replacement (TAVR).

BACKGROUND MR is common in patients undergoing TAVR. Data on optimal management of patients with significant

MR after TAVR are limited.

METHODS The registry consisted of 16 TAVR centers (n ¼ 7,303). Outcomes of patients with $ moderate versus lesser

grade MR after TAVR were compared.

RESULTS In 1,983 (27.2%) patients, baseline MR grade was $ moderate. MR regressed in 874 (44.1%) patients and

persisted in 1,109 (55.9%) after TAVR. Four-year mortality was higher for those with MR persistence, but not for those

with MR regression after TAVR, compared with nonsignificant baseline MR (43.8% vs. 35.1% vs. 32.4%; hazard ratio

[HR]: 1.38; p ¼ 0.008; HR: 1.02; p ¼ 0.383, respectively). New York Heart Association functional class III to IV after TAVR

was more common in those with MR persistence vs. regression (14.4% vs. 3.9%; p < 0.001). In a propensity score–

matched cohort (91 patients’ pairs), with significant residual MR after TAVR who did or did not undergo staged mitral

intervention, staged intervention was associated with a better functional class through 1 year of follow-up (82.4% vs.

33.3% New York Heart Association functional class I or II; p < 0.001), and a numerically lower 4-year mortality, which

was not statistically significant (64.6% vs. 37.5%; HR: 1.66; p ¼ 0.097).

CONCLUSIONS Risk stratification based on improvement in MR and symptoms after TAVR can identify patients at

increased mortality risk after TAVR. These patients may benefit from a staged transcatheter mitral intervention, but this

requires further proof from future studies. (Transcatheter Treatment for Combined Aortic and Mitral Valve Disease. The

AorticþMitral TRAnsCatheter [AMTRAC] Valve Registry [AMTRAC]; NCT04031274).
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AS = aortic stenosis

CI = confidence interval

HR = hazard ratio

IQR = interquartile range

MR = mitral regurgitation

NYHA = New York Heart

Association

PMVR = percutaneous edge-to-

edge mitral valve repair

PSM = propensity score

matched/propensity score

matching

SAVR = surgical aortic valve

replacement

TAVR = transcatheter aortic

valve replacement

TMVR/r = transcatheter mitral

valve replacement or repair
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SEE PAGE 1193
A mong patients suffering from
valvular heart disease, 25% show
involvement of both the aortic and

mitral valves (1). The prevalence of signifi-
cant ($ moderate) mitral regurgitation (MR)
in patients undergoing transcatheter aortic
valve replacement (TAVR) is around 25%
(2,3), and its presence confers increased mor-
tality following TAVR (2,4). These patients
present a unique challenge in terms of both
diagnosis as well as treatment: the hemody-
namic interplay between aortic stenosis
(AS) and MR can cause an overestimation of
MR grade due to the increase in end systolic
pressure in the presence of AS, and the
reduced forward ejection fraction in the
presence of MR can result in underestima-
tion of AS severity, or misclassification of
classic severe AS to low-gradient AS. This
diagnostic ambiguity obviously affects treat-
ment decisions. When the main modality for treat-
ment of valvular heart disease was surgery,
combined AS þ MR was amenable for treatment dur-
ing the same procedure, although with increased
operative mortality (5). However, as TAVR is
becoming the dominant treatment modality in elderly
patients, and those not at low surgical risk (6), data on
the optimal management of these patients are
limited. These challenges are compounded by the
fact that MR grade will improve following TAVR in
around 50% of cases (2,4,7–10), and hence the more
relevant and clinically meaningful question is not
the prognostic effect of baseline, but rather that of re-
sidual MR post-TAVR. Data on this issue are limited
and inconsistent, with some (9,10), but not all (8),
studies finding improvement in MR grade to be asso-
ciated with improved survival. Considering all the
previous, a treatment strategy of isolated TAVR fol-
lowed by a consideration of staged transcatheter
mitral valve replacement or repair (TMVR/r) for
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patients whose MR did not regress following TAVR
seems attractive for this patient population (11). The
rapid increase in TMVR/r volume and the availability
of more techniques or devices (12,13) makes this
approach even more feasible.

A recent multicenter registry of such cases
(N ¼ 106) found that although TMVR/r following
TAVR is infrequent, it can be performed with a high
procedural success rate, and is associated with a sig-
nificant improvement in MR grade and New York
Heart Association (NYHA) functional class up to 1 year
of follow-up (14).

The aim of this study was to assess the prognostic
effect of residual MR following TAVR, identify pre-
dictors of MR response to TAVR, and explore the
possible benefits of a staged TAVR þ TMVR/r over
medical management in a large international cohort
of patients with significant residual MR after TAVR.
METHODS

The AMTRAC (AorticþMitral TRAnsCatheter) valve
registry is an investigator-initiated, international
multicenter registry that initially collected data on
patients undergoing TAVR þ TMVR/r in 23 centers
from Europe, North America, Israel, and Japan (14).

For this study, 13 of the initial 23 centers, and 3
additional centers shared data on all consecutive
TAVR cases treated between January 1, 2007, to
December 31, 2019. Patients’ data were collected at
each center using a uniform electronic case report
form, and following anonymization, the data were
sent to the coordinating center (Rabin Medical Cen-
ter, Petach Tikva, Israel), where the unified database
was compiled and analyzed.

PATIENT POPULATION. Patients were eligible to be
included in the registry if they underwent TAVR and
had available assessment of MR grade both at
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TABLE 1 Baseline Characteristics

p Value

Nonsignificant
Baseline MR
(n ¼ 5,320)

Baseline MR Significant
(Regressed)
(n ¼ 874)

Baseline MR Significant
(Persisted)
(n ¼ 1,109)

Baseline
MR Significant vs.
Nonsignificant

Baseline
MR Significant

Regressed vs. Persisted

Age, yrs 81.0 � 6.7 81.9 � 6.4 81.8 � 6.6 0.457 0.915

Female 2,644 (49.7) 464 (53.1) 600 (54.1) <0.01 0.241

BMI, kg/m2 26.4 � 5.8 25.8 � 4.7 25.6 � 4.5 0.516 0.652

eGFR, ml/min 61.2 � 26.8 54.9 � 26.6 51.7 � 24.2 <0.01 0.110

Hemoglobin, g/l 11.0 � 2.7 11.8 � 2.5 11.7 � 2.3 0.387 0.359

STS score 5.3 � 2.7 6.4 � 2.6 7.1 � 3.0 <0.01 0.350

AV peak, mm Hg 76.4 � 27.1 75.1 � 26.2 76.8 � 29.1 0.866 0.692

AV mean, mm Hg 46.8 � 14.0 46.3 � 16.3 46.2 � 15.2 0.921 0.994

EF, % 55.7 � 10.8 51.0 � 13.2 50.1 � 13.5 <0.01 0.532

AVA, cm2 0.79 � 0.19 0.66 � 0.23 0.68 � 0.28 0.469 0.482

Degenerative MR etiology 3,942 (74.1) 420 (48.1) 724 (65.3) <0.001 0.004

Previous PCI 1,410 (26.5) 229 (26.2) 312 (28.1) 0.544 0.204

Previous MI 782 (14.7) 134 (15.3) 192 (17.3) 0.065 0.110

Previous cardiac surgery 1,021 (19.2) 185 (21.2) 255 (23.0) 0.288 0.426

Frailty 1,410 (26.5) 303 (34.7) 430 (38.8) <0.01 0.467

AF 1,282 (24.1) 291 (33.3) 450 (40.6) <0.01 0.003

PPM 527 (9.9) 118 (13.5) 164 (14.8) <0.01 0.723

COPD 990 (18.6) 171 (19.6) 197 (17.8) 0.986 0.961

DM 1,724 (32.4) 256 (29.3) 298 (26.9) <0.01 0.081

Hypertension 4,442 (83.5) 724 (82.8) 919 (82.9) 0.502 0.721

Bicuspid valve 207 (3.9) 21 (2.4) 35 (3.2) 0.108 0.674

Femoral access 5,017 (94.3) 809 (92.6) 1,003 (90.4) 0.203 0.452

Balloon expandable valve 1,814 (34.1) 295 (33.8) 321 (28.9) 0.321 0.208

NYHA functional class III–IV 3,756 (70.6) 697 (79.7) 887 (80.0) <0.01 0.998

Years 0.471 0.236
2007–2010 354 (6.7) 46 (5.3) 73 (6.6)
2011–2014 1,440 (27.1) 225 (25.8) 299 (27.0)
2015–2019 3,526 (66.3) 603 (69.0) 737 (66.5)

Values are mean � SD or n (%).

AF ¼ atrial fibrillation; AV ¼ aortic valve; AVA ¼ aortic valve area; BMI ¼ body mass index; COPD ¼ chronic obstructive pulmonary disease; DM ¼ diabetes mellitus;
EF ¼ ejection fraction; eGFR ¼ estimated glomerular filtration rate; MI ¼ myocardial infarction; MR ¼ mitral regurgitation; NYHA ¼ New York Heart Association;
PCI ¼ percutaneous coronary intervention; PPM ¼ prosthesis-patient mismatch; PSM ¼ propensity score matching; PMVR ¼ percutaneous edge-to-edge mitral valve repair;
STS ¼ Society of Thoracic Surgeons.
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baseline (prior to TAVR) and at 30 days after TAVR.
Patients with previous mitral valves surgery
were excluded.
STATISTICAL METHODS. Patients were divided into 3
groups according to baseline MR grade and its
response to TAVR: 1) baseline MR < moderate
(nonsignificant MR); 2) baseline MR $ moderate and
after TAVR MR < moderate (MR regression); and 3)
baseline and post-TAVR MR $ moderate (MR persis-
tence). Baseline characteristics, presented as mean �
SD or median (interquartile range [IQR]) as appro-
priate for continuous variables and count and per-
centage for categorical variables, were compared
between the nonsignificant MR and all patients with
baseline significant MR and separately between the
MR regression and persistence groups using the in-
dependent sample Student’s t-test, Mann-Whitney U
test, and the chi-square test, as appropriate. Cumu-
lative all-cause mortality is presented using Kaplan-
Meier curves and compared between the groups us-
ing the log-rank test. Adjusted hazard ratios (HRs) for
mortality for MR regression or persistence as
compared with the nonsignificant MR group as
reference were calculated using a multivariate
adjusted Cox proportional hazards model. Patients
who underwent TMVR/r following TAVR (n ¼ 131)
were excluded from this analysis. Baseline or proce-
dural characteristics associated with the regression or
persistence of MR grade (< or $ moderate) and
symptoms (NYHA functional class III to IV) after



FIGURE 1 Mortality and NYHA Functional Class Following TAVR

Kaplan-Meier curves for all-cause mortality according to mitral regurgitation (MR) status (top) and change in New York Heart Association

(NYHA) functional classification following transcatheter aortic valve replacement (TAVR) according to MR status (bottom). Adjusted for age,

sex, frailty, NYHA functional class, atrial fibrillation, estimated glomerular filtration rate, Society of Thoracic Surgeons score, and ejection

fraction. HR ¼ hazard ratio.
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TAVR were identified using a univariate logistic
regression model (using a 0.1 significance level), and
multivariate models to predict the likelihood of MR
grade and symptoms regression or persistence
following TAVR were constructed using the individ-
ual factors with significant univariate association.
The discrimination ability of the models to predict
MR grade and symptomatic response to TAVR was
assessed using a receiver-operating characteristic
curve and the C-statistic. To examine the potential
benefits of a staged TAVR þ TMVR/r versus no inter-
vention, we assembled a propensity score–matched
(PSM) cohort of patients with significant MR persis-
tence following TAVR who did or did not undergo
TMVR/r and compared functional class at 6 and
12 months, and all-cause mortality. The PS was
calculated by fitting a logistic regression model that
used mitral intervention as the outcome and major
demographic and clinical baseline characteristics as
well as MR grade after TAVR as covariates. Matched
pairs of patients who did or did not undergo TMVR/r
following TAVR on a 1:1 ratio were created according
to the propensity score using the nearest-neighbor
method. To avoid immortal time bias, each TAVR þ
TMVR/r patient was matched to a patient treated
medically after TAVR, who was alive at the same in-
terval from TAVR when the TMVR/r was performed,
and survival was compared from this time point on-
ward. Because percutaneous edge-to-edge
mitral valve repair (PMVR) is by far the most
frequent mitral intervention after TAVR (14) as well as
in the overall MR population (12), only patients who
underwent staged PMVR were included in
this analysis.



FIGURE 2 Kaplan-Meier Curves for All-Cause Mortality According to MR Status and NYHA Response

Abbreviations as in Figure 1.
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ETHICAL APPROVAL AND STUDY REGISTRATION.

The registry protocol was approved by the local
institutional review board as required at each
participating center. The registry is listed in Clin-
icalTrials.gov (NCT04031274).

RESULTS

In total, our registry included 12,472 consecutive pa-
tients who underwent TAVR at 16 centers. Baseline
MR grade was available in 11,512 (92.3%) patients, of
whom 3,180 (27.6%) had significant MR. Baseline and
1-month post-TAVR MR grade was available in 7,303
(58.6%) patients, who were included in the analysis.
Overall, 1,983 (27.2%) had significant baseline MR.
Baseline characteristics of patients with or without
matched baseline and post-TAVR MR data available
were similar (Supplemental Table 1).

Out of the 1,983 patients with significant MR at
baseline, the MR regressed following TAVR in 874
(44.1%) and persisted in 1,109 (55.9%) patients
(Supplemental Figure 1). Baseline characteristics of
patients according to baseline MR and the MR
response to TAVR are presented in Table 1.

Compared with the nonsignificant baseline MR
group, patients with significant baseline MR were
more often female, were frail, had higher prevalence
of atrial fibrillation, had permanent pacemaker, had
degenerative etiology, and had baseline NYHA func-
tional class III to IV but had lower prevalence of dia-
betes mellitus. These patients had higher mean
Society of Thoracic Surgeons score, lower estimated
glomerular filtration rate, and lower ejection fraction.
When comparing patients with significant baseline
MR that regressed or persisted after TAVR, those with
persistent MR had a higher prevalence of degenera-
tive etiology and atrial fibrillation.
EFFECT OF BASELINE MR AND ITS RESPONSE TO

TAVR ON MORTALITY. After a median follow-up of
3.3 years (IQR: 2.5 years–4.3 years), the Kaplan-Meier
estimate for 4-year cumulative all-cause mortality
was 32.4% (IQR: 30.5% to 34.3%) in the nonsignificant
baseline MR group, 35.1% (IQR: 29.8%–40.4%) in the
significant MR regressed group, and 43.8% (IQR:
39.1%–48.5%) in the MR persistence group. The dif-
ference between the MR regressed and nonsignificant
baseline MR groups was not statistically significant
(log-rank p ¼ 0.403), while the difference between
the MR persistence group and both other groups was
significant (p < 0.01 for both) (Figure 1).

The multivariate adjusted HR for mortality was
1.38 (95% confidence interval [CI]: 1.06–2.04;
p ¼ 0.008) in the MR persistence versus nonsignifi-
cant baseline MR group and 1.02 (95% CI: 0.93–1.10;
p ¼ 0.383) for the MR regressed versus nonsignificant
baseline MR group (Figure 1). Within the MR

https://www.clinicaltrials.gov/ct2/show/NCT04031274
https://doi.org/10.1016/j.jcin.2021.02.030
https://doi.org/10.1016/j.jcin.2021.02.030


FIGURE 3 Predictors of MR and Symptomatic Response to TAVR

Receiver-operating characteristic curves for prediction of MR (left) and NYHA regression (right) for a multivariate model based on the individual characteristics listed

below each curve. AF ¼ atrial fibrillation; AUC ¼ area under the curve; OR ¼ odds ratio; SPAP ¼ systolic pulmonary artery pressure; other abbreviations as in Figure 1.
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persistence group, mortality was similar regardless of
MR etiology (Supplemental Figure 2).

INTERACTION BETWEEN CHANGE IN NYHA

FUNCTIONAL CLASS AND PROGNOSTIC EFFECT OF MR

RESPONSE. Data on NYHA functional class at 1 month
after TAVR were available in 2,425 (33.2%) of 7,303
patients. NYHA functional class III to IV 1 month post-
TAVR was more prevalent in the MR persistence
group compared with nonsignificant baseline MR and
MR regression (14.4% vs. 4.0% vs. 3.8%; p < 0.001)
(Figure 1). Within the MR persistence group, those
achieving NYHA functional class I or II showed similar
4-year mortality as the nonsignificant MR and MR
regression groups (29.6% vs. 31.2% and 26.7%,
respectively; log-rank p ¼ 0.421), while those at NYHA
functional class III to IV had significantly increased
mortality risk of 54.7% (95% CI: 38.1% to 71.3%; log-
rank p < 0.001) (Figure 2).

PREDICTORS OF MR RESPONSE TO TAVR. Using a
univariate logistic regression with MR regression as
the dependent variable, 7 baseline characteristics
(baseline severe MR grade, atrial fibrillation, mitral
annulus calcifications $ moderate, mitral leaflets
calcifications $ moderate, systolic pulmonary artery
pressure >45 mm Hg, degenerative MR etiology, and
the use of self-expandable valve) were associated
with a lower likelihood of MR regression after TAVR.
When stratifying patients according to MR etiology,
baseline severe MR grade was associated with MR
persistence regardless of etiology (and was the
strongest predictor of MR persistence); for patients
with functional MR, the only other predictor of MR
persistence was ejection fraction; and for those with
degenerative MR atrial fibrillation, annulus and
leaflet calcification and the use of self-expandable
valve were also associated with MR persistence. Pre-
diction models based on these characteristics had a
poor discrimination for predicting MR regression af-
ter TAVR, more so for degenerative MR than for
functional MR (Figure 3, Supplemental Figure 3).

PREDICTORS OF NYHA FUNCTIONAL CLASS

RESPONSE TO TAVR. In patients with MR persis-
tence after TAVR, 5 baseline characteristics showed a
univariate association with the odds for remaining in

https://doi.org/10.1016/j.jcin.2021.02.030
https://doi.org/10.1016/j.jcin.2021.02.030


TABLE 2 Baseline Characteristics in the PSM Cohort

Conservative (n ¼ 91) Staged PMVR (n ¼ 91) p Value

Age, yrs 78.8 � 6.5 77.5 � 7.4 0.429

Female 42 (46.2) 43 (47.3) 0.996

BMI, kg/m2 25.9 � 6.1 26.12 � 5.9 0.666

eGFR, ml/min 50.4 � 20.8 51.6 � 18.1 0.441

Hemoglobin, g/l 11.6 � 2.6 11.4 � 2.1 0.615

STS score 6.8 � 2.5 6.6 � 2.7 0.575

AV peak, mm Hg 69.7 � 21.8 66.5 � 20.4 0.655

AV mean, mm Hg 45.9 � 15.7 44.6 � 15.5 0.647

EF, % 48.5 � 13.4 49.6 � 13.6 0.506

AVA, cm2 0.68 � 0.21 0.69 � 0.19 0.724

Degenerative MR etiology 62 (68.1) 63 (69.2) 0.846

Previous PCI 32 (35.2) 32 (35.2) 0.994

Previous MI 18 (20.2) 22 (24.2) 0.517

Previous cardiac surgery 31 (34.1) 33 (36.3) 0.582

Frailty 31 (34.1) 31 (34.1) 1.000

AF 26 (29.0) 29 (31.8) 0.516

PPM 12 (13.6) 13 (14.3) 0.862

COPD 20 (22.0) 17 (18.7) 0.556

DM 35 (39.0) 33 (35.8) 0.362

Hypertension 73 (80.2) 71 (78.9) 0.764

Bicuspid valve 4 (4.4) 3 (3.3) 0.137

Femoral access 82 (90.1) 81 (89.0) 0.621

Balloon expandable valve 25 (27.4) 27 (29.5) 0.732

NYHA functional class III–IV 62 (68.6) 61 (67.1) 0.835

Years 0.453
2007–2010 8 (8.8) 5 (5.5)
2011–2014 20 (22.0) 20 (22.0)
2015–2019 63 (69.2) 66 (72.5)

Values are mean � SD or n (%).

PSM ¼ propensity score matching; other abbreviations as in Table 1.
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NYHA functional class III to IV following TAVR:
baseline NYHA functional class III to IV, >80 years of
age, male sex, atrial fibrillation, and degenerative MR
etiology. These characteristics had a moderate
discrimination for predicting the NYHA response after
TAVR in patients with MR persistence (Figure 3).

BENEFITS OF STAGED PMVR AFTER TAVR.

Stratified by treatment strategy post-TAVR, patients
with persistent MR who underwent staged PMVR
(n ¼ 131) showed lower 3-year mortality compared
with those who did not (n ¼ 1,852): 29.9% versus
43.1% (log-rank p ¼ 0.041) (unadjusted HR: 1.36;
p ¼ 0.042) (Supplemental Figure 4).

PSM yielded 91 matched pairs of patients who
remained with significant MR following TAVR and did
or did not undergo staged PMVR. Baseline charac-
teristics were similar between the 2 groups (Table 2).
Of note, almost 70% of patients in both groups
remained at NYHA functional class III to IV following
TAVR. Median time from TAVR to PMVR was 61 days.

While the prevalence of NYHA functional class III
to IV functional class was similar between patients
who did or did not undergo staged PMVR at baseline
(67.1% vs. 68.2%; p ¼ 0.893), at 6- and 12-month
follow-up, NYHA functional class improved signifi-
cantly in the staged PMVR group (19.1% and 17.6% at
NYHA functional class III to IV, respectively) but
remained unchanged in the no PMVR group (68.0%
and 66.7%, NYHA functional class III to IV, respec-
tively) (Figure 4).

Four-year cumulative mortality was higher in the
no PMVR group compared with those undergoing
staged PMVR, 64.6% (IQR: 51.3%–77.9%) versus 37.5%
(IQR: 22.9% to 52.1%), but this was not statistically
significant (log-rank p ¼ 0.092) (univariate HR: 1.66
(95% CI: 0.94–2.86; p ¼ 0.097) (Figure 4).

DISCUSSION

We performed a retrospective cohort study based on
individual patient data from a large multicenter reg-
istry to assess the impact of MR on mortality
following TAVR. The major findings are the following.
First, MR response to TAVR, and more importantly,
symptomatic improvement following TAVR, not
baseline MR grade, affects the long-term prognosis
following TAVR (Central Illustration). Second, MR
persistence post-TAVR occurs in 55% of patients with
significant baseline MR, and symptoms persist in just
under 15% of these patients. Third, the likelihood of
MR regression is associated with several clinical,
echocardiographic, and procedural characteristics;
NYHA functional class improvement after TAVR is
associated mainly with demographic and clinical
characteristics. The ability to predict MR response to
TAVR is poor, more so in patients with degenerative
MR. Last, when MR persists post-TAVR, the use of
staged PMVR to treat the MR is rare (<10% of cases),
but when this is feasible, a staged PMVR strategy re-
sults in improved clinical outcomes (although this
was statistically significant only for functional class
only, not for overall mortality after propensity score
matching).

The rapid increase in the use of TAVR over surgical
aortic valve replacement (SAVR), which is expected to
expand into low-surgical-risk patients as well (15),
requires a reassessment of the management strategy
for patients with AS þ MR. Currently, the common
practice is to perform TAVR, which in many cases will
result in regression of MR as well. The main dilemma

https://doi.org/10.1016/j.jcin.2021.02.030


FIGURE 4 Survival Analysis in the PSM Cohort

Kaplan-Meier curves for all-cause mortality according to management strategy after TAVR in the propensity score–matched (PSM) cohort (top) and

distribution of NYHA functional class through 12-month follow-up in patients undergoing staged percutaneous mitral edge-to-edge repair (PMVR)

(bottom left) or no PMVR in the PSM cohort (bottom right). HR ¼ hazard ratio; other abbreviations as in Figure 1.
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is how to manage those patients with persistent MR
following isolated TAVR. The major evidence gaps on
this issue are: 1) what are the predictors of prognosis
following TAVR in patients with significant baseline
MR pre TAVR? 2) can the likelihood of MR regression
following TAVR be estimated prior to TAVR? 3) what
is the applicability of PMVR in patients with MR
persistence following TAVR? and 4) which patients
are likely to benefit from transcatheter mitral in-
terventions following TAVR? We believe that our re-
sults have several important findings that address
these evidence gaps. We show that it is not baseline,
but rather post-TAVR MR grade that is associated
with midterm mortality. Data on this issue have been
inconsistent thus far: Cortes et al. (8) showed no
difference in overall or cardiovascular mortality be-
tween patients whose MR regressed or persisted
following TAVR, while Mauri et al. (9) and Mavro-
matis et al. (10) reported better survival for those with
MR regression following TAVR.

Although there are several differences between the
studies mentioned previously as well as ours, such as



CENTRAL ILLUSTRATION Outcomes of 7,303 Patients With Matched Baseline and Post-TAVR MR in
16 European Centers Between 2007 and 2019

Witberg, G. et al. J Am Coll Cardiol Intv. 2021;14(11):1181–92.

(Top) Distribution of MR grade at baseline, post–transcatheter aortic valve replacement (TAVR), and corresponding rates of 4-year mortality in the study cohort.

(Bottom) Proposed scheme for assessment and management of patients with concomitant significant aortic stenosis (AS) þmitral regurgitation (MR). NYHA ¼ New York

Heart Association; TMVR/r ¼ transcatheter mitral valve replacement or repair.
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design (single or multicenter) follow-up period
(ranging from 1 to 3 years), definition of significant
MR (> or $ moderate), MR regression (improvement
by 1 grade or to below the threshold used to define
significant MR) and timing of assessment for MR
regression (at discharge from TAVR or 1-month
follow-up), and sample size, taken together, the
currently available evidence suggests that the key
factor for risk stratification in the AS þ MR population
is the MR response to TAVR, not the MR severity pre-
TAVR (which was used as the stratification variable in
most previous studies that examined the interaction
between AS and MR in patients undergoing TAVR)
(2–4).

Our results extend the current evidence on the
management of patients with AS þ MR in 2 major is-
sues: 1) refining the risk stratification following TAVR;
and 2) examining the benefit of staged PMVR after
TAVR. Our study is the first to examine the signifi-
cance of NYHA change after TAVR in those with
significant baseline MR. Our results show that
persistence of NYHA functional class III to IV is much
more likely when MR persists following TAVR, and it
seems that this patient group is responsible for the
increased mortality in the MR persistence group. This
has important implications on patient management,
as although MR persistence after TAVR is seen in
55.9% of patients with baseline significant MR, our
results show that only 14.4% of this group remained
highly symptomatic 1 month following TAVR, while
the vast majority showed symptomatic improvement
that was associated with similar mortality to those
with nonsignificant MR at baseline or MR regression.
Symptoms resolution after TAVR despite MR persis-
tence probably identifies a subgroup of patients
whose MR plays a smaller role in the overall
morbidity burden compared with AS, and is therefore
less likely to have an impact on prognosis post-TAVR.
It seems that such patients can be conservatively
managed in a similar fashion to current
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recommendations for patients with asymptomatic MR
(5), while those with persistent symptoms despite
successful treatment of the AS are those whose MR
bears more clinical and subsequently prognostic sig-
nificance. Our findings highlight the need for early
(probably within 1 to 3 months) post-TAVR reassess-
ment of MR grade and NYHA functional class in order
to determine the optimal management of patients
with significant baseline MR undergoing TAVR.

The importance of appropriate risk stratification after
TAVR is emphasized by our comparison of patients with
persistent MR post-TAVR who underwent staged PMVR
with those who did not undergo further interventions:
both unadjusted and PSM analyses showed that staged
PMVR is associated with improved prognosis and that
persistent significant MR post-TAVR results in dismal
prognosis (55% three-year mortality). Although the mor-
tality advantage of PMVR did not reach statistical signifi-
cance in the PSM analysis, this was likely due to the small
sample size.However, the benefit of stagedPMVR in terms
of functional class through 1 year of follow-up was dra-
matic and statistically significant. These findings, though
still only hypothesis generating, confirm previous results
from our registry (14), with the main difference being that
the current analysis used a more comprehensive and
representative control group for PSM.

The 2 main remaining evidence gaps that require
addressing in order to improve the triage of patients
with AS þ MR are the ability to predict the MR
response to isolated TAVR and assessing the appli-
cability of complete transcatheter treatment for AS þ
MR in this patient population. As our data show, the
ability to predict the MR (as well as symptomatic
response) to TAVR is very limited. This is probably
the result of the complex and heterogeneous nature
of the pathophysiologic mechanisms of MR. Cortes
et al. (8) reported somewhat better prediction ability
(that was still only moderate) using mitral valve
annulus diameter and a binary variable (which was
not available in our database) (see Study Limitations).
One other reason for the poor ability to predict MR
response in our database is the lack of uniform core
lab analysis of echocardiographic data, which un-
doubtedly introduced some heterogeneity to this data
assessment (see Study Limitations).

The importance of predicting MR response to TAVR
lies in its potential to impact the treatment strategy in
cases of AS þ MR. Ideally, if the likelihood of MR
regression post-TAVR is low, the option of double-
valve surgery should be seriously considered, espe-
cially in patients who are viable surgical candidates
(in our cohort, a third of those with persistent MR
were in the low surgical risk category according to
their Society of Thoracic Surgeons score). In such
cases, the ability to treat both valves in a single pro-
cedure may be a “tie breaker,” swaying the heart
team choice between TAVR or SAVR toward the sur-
gical option. However, given the challenges in pre-
dicting MR response to TAVR, it seems that at least
for those not at low surgical risk for SAVR, a strategy
of TAVR first would seems to be the more attractive
option, allowing the benefit of a less invasive pro-
cedure for treatment of the aortic disease, which also
offers a reasonable chance for satisfactory MR
regression and symptomatic improvement (which
would render further interventions to the mitral
valve unnecessary), while maintaining the option for
future transcatheter mitral intervention pending
anatomic suitability for those with unsatisfactory MR
and symptoms response.

The other remaining piece of the jigsaw in deter-
mining the optimal treatment strategy for AS þ MR is
the applicability of staged PMVR following TAVR. The
use of staged PMVR in cases when significant MR
persists post-TAVR is infrequent (just under 10% in
our cohort). This is likely to be the result of 2 factors:
1) many patients with persistent MR still show sig-
nificant symptomatic improvement post-TAVR, so
there is no clinical indication for further valvular
intervention; and 2) as previously described by Cortes
et al. (8), in many cases, PMVR is not anatomically
feasible. Data on this issue are scarce and represent a
less evolved and mature era of transcatheter mitral
valve interventions (the data published by Cortes
et al. date back to 2007 to 2015). The annual volume
and geographic availability of PMVR in particular and
TMVR/r in general is growing rapidly, and in addition,
more devices and techniques to treat MR are being
developed and put into clinical practice (12,13). This
may make complete transcatheter treatment of AS þ
MR applicable for a much larger fraction of those with
persistent MR post-TAVR

Our study has several strengths. It is the first to
present data representing current clinical practice
from an international cohort of patients; our follow-
up period is longer compared with previous studies
that examined this issue before; it is the first to
examine the interaction between MR response,
symptoms response, and prognosis following TAVR;
and it includes a comparison assessing the prognostic
benefit of staged TAVR þ PMVR strategy for patients
left with significant residual MR following TAVR, a
management option that is infrequently used these
days (14) but may be relevant to a growing number of
TAVR patients in the coming years.

STUDY LIMITATIONS. Echocardiographic data were
analyzed at each center and not in a centralized core



PERSPECTIVES

WHAT IS KNOWN? MR is common in patients suffering from

severe AS undergoing TAVR. Data regarding the optimal man-

agement of residual MR post-AVR is scarce.

WHAT IS NEW? Risk stratification based on the response of MR

grade and NYHA functional class to TAVR can identify those

patients who are at increased risk for mortality and should be

assessed for further interventions, from those whose residual MR

should be treated conservatively. For symptomatic patients, a

staged PMVR strategy seems to be associated with improved

mortality.

WHAT IS NEXT? Additional studies are necessary to examine

the optimal selection of patient and timing for mitral interven-

tions after TAVR, and a larger scale examination of its effect on

mortality, ideally through a randomized clinical trial.
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lab, and we could not examine one of the remining
knowledge gaps in this field—estimating the fraction
of patients with significant residual MR following
TAVR who would be anatomically suitable for TMVR/r
using currently available devices (see previously).
Also, our database did not include several factors
previously reported to be associated with MR regres-
sion in some studies, such as mitral annulus diameter
(8,9), left ventricle diameter (16), implantation depth
(17), and left bundle branch block (8), so these were not
included in the MR response prediction analysis. Our
cohort included only 58.6% of the total registry pa-
tients due to missing data on post-TAVR MR (although
our analysis did not show any signs of selection bias
given the similar baseline characteristics of patients
with or without MR data available following TAVR).
Our examination of the clinical benefit of PMVR post-
TAVR should be interpreted cautiously, and can only
be considered hypothesis generating given the limited
sample size, the exclusion of other interventions
except staged PMVR, and not having data on the rea-
sons for not performing PMVR, so these data require
validation by further studies.

Remaining evidence gaps such as optimal timing of
the intervention (concomitant or staged, optimal in-
terval in the case of a staged intervention), and
benefit from using MVR/r techniques other than
PMVR, should ideally be answered by a properly
designed prospective trial that would randomize pa-
tients with significant residual MR and symptoms
following TAVR, who are suitable for TMVR/r (ac-
cording to core lab assessment), to medical manage-
ment versus TMVR/r.

CONCLUSIONS

Significant baseline MR is frequent in patients un-
dergoing TAVR. In about one-half of these patients,
significant MR persists after TAVR. These patients,
especially those who remain symptomatic, are at an
increased risk for mortality. A staged PMVR strategy
is associated with improved functional class and a
numerically but not statistically significantly lower
mortality compared with medical management.
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