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Background: The management of patients with mitral regurgitation (MR) undergoing transcatheter aortic valve
replacement (TAVR) is challenging. We sought to investigate the evolution and long-term prognostic impact of
residual post-TAVR MR.
Methods: The severity of MR was assessed at baseline and at 30 days and six months post-TAVR. Left ventricular
mass and volumes were assessed by magnetic resonance imaging at two weeks and six months post-TAVR.
Results: The study included 970 patients (age, 80.6± 6.2 years; female, 53.2%; Society of Thoracic Surgeons score,
5.2 ± 4.6). Moderate-severe MR at baseline improved at 30-day post-TAVR in 60% of cases, and TAVR with the
Medtronic CoreValve (OR: 0.44 [0.23–0.86]) was associated with a lower likelihood of improvement. Further
MR improvement continued beyond 30 days post-TAVR especially in patients with a significant improvement
of left ventricular volume and mass.
Stratified by the severity of MR at 30 days post-TAVR, the 5-year cumulative incidence of the composite of car-
diovascular mortality or heart failure hospitalization was 37.5%, 40.0%, and 58.2% in patients with none-mild,
moderate, and severe MR, respectively (log rank p b .001; adjusted hazard ratio of severe vs. none-mild MR:
4.83 [2.49–9.38].
Conclusions:MR improves in amajority of patients early after TAVR, and its evolution continues thereafter in line
with reverse cardiac remodeling. Residual post-TAVR severe MR is associated with adverse long-term outcome.
Therefore, intervention to treat severe MR persisting after TAVR should be considered by the heart team.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

The incidence of both aortic stenosis (AS) and mitral regurgitation
(MR) increases as the age advances, and the coexistence of AS and MR
is a common clinical encounter [1,2]. In patients with predominant AS
referred for surgical aortic valve replacement (SAVR), the decision to
surgically manage concomitant MR is always challenging as MR tends
to improve after aortic valve replacement [3] and a double-valve (aortic
and mitral) surgery is known to – at least – double the operative risk as
compared to isolated SAVR [4]. Even though, there is a general consen-
sus that high grade MR (especially when organic) should be routinely
repaired in the setting of SAVR [5]. In the setting of transcatheter aortic
valve replacement (TAVR), concomitant high grade MR continues to be
a challenging clinical context.
niken, AmKurpark 1, 23795Bad
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There is a wealth of data suggesting thatMR improves early after the
procedure in a large proportion of patients [6–9], but whether this
improvement continues thereafter is not adequately studied to date. Ad-
ditionally, previous studies havedocumented that high gradebaselineMR
is associated with worse short/intermediate-term post-TAVR prognosis
[6–9], but little is known on the long-term prognostic implications of re-
sidual MR persisting after TAVR. In this study, we sought to investigate
further MR improvement beyond the early post-TAVR period and the
long-term prognostic impact of residual MR after TAVR.

2. Methods

Since September 2007, all patients undergoing TAVR at the Heart Center, Segeberger
Kliniken, Bad Segeberg, Germany are included in a prospective registry (NCT03192774)
approved by the local ethics committee and conforming to the Declaration of Helsinki.
Each patient has provided a written informed consent for analysis of anonymized data.
Eligibility for TAVR was determined by the local heart team taking into account patient's
age, operative risk (based on established operative risk scores as well as other comorbidities
not included in the scores), anatomical considerations, life expectancy, and the likelihood
that TAVR will lead to a significant clinical improvement. Clinical and echocardiographic
follow-up are routinely scheduled at 30 days, 6 months, 1, 2 and 5 years. Patient outcomes
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Table 1
Cardiac remodeling as depicted byMRI in patients with different fates of MR at 6 months
as compared to 30 days post-TAVR.

p valuea

MR no change (n = 237)
MRI-LVEF, % 2 weeks 59.9 (51.0–64.6) b0.001

6 months 61.8 (54.3–67.5)
MRI-LVEDV, ml 2 weeks 132 (112.4–156.6) 0.001

6 months 128.9 (106.0–150.3)
MRI-LVM, g 2 weeks 145.4 (126.3–171.5) b0.001

6 months 138.4 (116.1–158.4)
MR improved (n = 25)

MRI-LVEF, % 2 weeks 59.4 (47.1–65.7) 0.002
6 months 61.2 (54.5–66.0)

MRI-LVEDV, ml 2 weeks 125.1 (105.8–162.8) 0.032
6 months 115.7 (100.3–136.4)

MRI-LVM, g 2 weeks 140.3 (116.3–162.5) b0.001
6 months 120.6 (105.3–134.1)
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and TAVR-related adverse events are defined according to the Valve Academic Research
Consortium (VARC) criteria [10].

From September 2007 to February 2018, 1090 patients underwent TAVR at our
institution. Out of 1046patientswho survived to 30days post-TAVR,MR severitywas doc-
umented in 970 patients (92.7%) who constitute the population of the present study.
Mitral regurgitation was graded by transthoracic echocardiography (integrating the as-
sessment of valve morphology with color and continuous-wave Doppler criteria) into
none-trace (0/4+), mild (1+/4+), moderate (2+/4+), moderately-severe (3+/4+), or
severe (4+/4+) [11]. For descriptive purposes, MR was deemed “none-mild” if graded
as 0 or 1+, “moderate” if graded as 2+, and “severe” if graded as 3+ or 4+/4+. Assess-
ment was performed at baseline (before TAVR), at 30 days and 6 months post-TAVR,
and thereafter at the above mentioned follow up time points. In the present analysis;
we investigated the fate of MR at two stages: a) from baseline to 30 days post-TAVR;
and b) from 30 days to six months post-TAVR. Prosthetic valve regurgitation (PVR) was
quantified based on the VARC criteria [10], and is represented as the sum of para- and
trans-valvular regurgitation. In a subgroup of patients, cardiac magnetic resonance imag-
ing (MRI)was used to assess left ventricular ejection fraction (LVEF), end-diastolic volume
(LVEDV), and mass (LVM) at two weeks (median [IQR]: 13 [9–19] days) and six months
(182 [177–186] days) post-TAVR.
MR deteriorated (n = 29)
MRI-LVEF, % 2 weeks 60.6 (49.4–64.1) 0.003

6 months 64.1 (57.3–66.5)
MRI-LVEDV, ml 2 weeks 118.6 (103.9–162.7) 0.837

6 months 117.8 (108.9–147.8)
MRI-LVM, g 2 weeks 125.6 (108.8–150.6) 0.088

6 months 122.1 (98.2–145.0)

a Wilcoxon signed-rank test.
2.1. Statistical methods

Qualitative variables are summarized as frequencies and percentages, while quantita-
tive variables are summarized as mean ± SD or median [25th–75th quartiles], depending
on variable distribution. Inter-group comparisons were conducted using Student t-test or
ANOVA test for continuous variables, and by chi-square test for categorical variables. The
comparison of MRI parameters collected at 2 weeks and 6 months was conducted using
the Wilcoxon signed-rank test. Survival curves were created using the Kaplan–Meier
method, and compared using log rank and Cox hazard regression analyses. For the latter,
the hazard ratio (HR) and the 95% confidence interval (CI) are presented. Multivariable bi-
nary logistic regression analysiswas performedusing entry criteria ofp b .05 inunivariable
analysis. The odds ratio (OR) and the 95% CI are presented. Data analysis was performed
using SPSS V.24.0 (IBM Corp., New York, USA).
3. Results

The study included 970 patients who underwent TAVR (98.7%
transfemoral) between September 2007 and January 2018 (age, 80.6 ±
6.2 years; female, 53.2%; Society of Thoracic Surgeons score, 5.2 ± 4.6).
3.1. Fate of MR in patients undergoing TAVR

The severity of MR at baseline and at 30 days and six months post-
TAVR is displayed in Table S1. MR was none-mild in 71.5% and 75.4%,
moderate in 22.8% and 21.4%, and severe in 5.7% and 3.2% of patients
at baseline and at 30 days post-TAVR, respectively. While only 18 pa-
tients (1.9%) with non-mild or moderate MR at baseline deteriorated
to severe MR at 30 days post-TAVR, 76.4% of cases with severe MR at
baseline improved to non-severe MR at 30 days post-TAVR. Table S2
summarizes the baseline and periprocedural characteristics of patients
in whom MR severity remained unchanged, improved, or deteriorated
at 30 days post-TAVR as compared to baseline. After accounting for
PVR and new left bundle branch block (LBBB) or pacemaker implanta-
tion after TAVR; TAVR with the Medtronic CoreValve (OR: 0.44 [0.23–
0.86]) was independently associated with a lower likelihood of
improvement of greater than mild MR.

MR evolution after TAVR continued beyond 30 days (Table S1) and
-as a result- MR was none-mild in 78.6%, moderate in 17.7%, and severe
in 3.7% of patients at six months post-TAVR. Prosthetic valve effective
orifice area index (1.07 ± 0.36 vs. 1.12 ± 0.40 vs. 1.10 ± 0.32 cm/m2,
p= .583), ≥mild PVR (42.5% vs. 52.5% vs. 46.4%, p= .220), and perma-
nent pacemaker implantation (27.6% vs. 32.9% vs. 27.0%, p= .641)were
not significantly different between patients with unchanged, improved,
or deteriorated MR severity from 30 days to six months post-TAVR. On
the other hand, these three groups displayed differentialMRI patterns of
cardiac remodeling after TAVR (Table 1). While LVEF, LVEDV, and LVM
have all improved in patients with improved as well as in patients
with unchanged MR severity, LVEDV and LVM did not improve in
patients with deteriorated MR severity.
3.2. Prognostic value of MR assessed at 30 days post-TAVR

Clinical followupwas complete for 967 patients (99.7%) and theme-
dian time to last follow up was 731 (IQR: 304–1365) days after TAVR.
Stratified by the severity of MR at 30 days post-TAVR, the 5-year cumu-
lative incidence of cardiovascular (CV) mortality and heart failure (HF)
hospitalization was higher as the severity of residual (post-TAVR) MR
increased (Fig. 1). The 5-year cumulative incidence of the composite
endpoint of cardiovascular death or HF hospitalization was 37.5% in
patients with none-mild, 40.0% in those with moderate, and 58.2% in
patientswith severeMR (log rank p b .001) (Fig. 2). Compared to patients
with none-mild MR, the risk was non-significantly increased in those
with moderate MR (HR: 1.32 [95% CI: 0.97–1.80], p = .075) while it
was significantly increased in those with severe MR (HR: 2.79 [1.64–
4.76], p b .001). Table S3 summarizes the baseline and periprocedural
characteristics of patients with none-mild, moderate, and severe MR at
30 days post-TAVR. After accounting for baseline and periprocedural
confounders, moderate MR was not associated with the composite of
CV mortality or HF hospitalization (HR: 1.17 [0.78–1.74], p = .450)
while severe MR was associated with a significantly higher risk (HR:
4.83 [2.49–9.38], p b .001). Additionally, atrial fibrillation, coronary artery
disease, and tricuspid regurgitation were identified as independent pre-
dictors of the composite of CV mortality or HF hospitalization (Table 2).

To explore whether the prognostic value of severe residual MR (at
30 days post-TAVR) outweighs the prognostic value of baseline
(pre-TAVR) MR, we investigated the prognostic value of baseline MR.
The 5-year cumulative incidence of the composite of CV mortality or
HF hospitalizationwas higher with increasing severity ofMR at baseline
only on univariable analysis (Fig. S1). After adjustment for confounders
(Table S4), baseline MR severity was no longer associated with the
composite of CV mortality or HF hospitalization.
4. Discussion

The main findings of the present study are that: 1) MR is prevalent
among patients undergoing TAVR and improves in a large proportion
of patients early after TAVR; 2) the improvement of MR severity
continues thereafter especially in patients with effective reverse cardiac
remodeling; and 3) severe MR at 30 days post-TAVR is a strong and
independent risk factor for increased long-term CV mortality and HF
hospitalization.



Fig. 1. Kaplan-Meier curves of cardiovascular mortality (left) and heart failure hospitalization (right) in the study population stratified according to the severity of residual post-TAVR
mitral regurgitation.
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4.1. The prognostic value of MR after TAVR

Previous studies [6–9,12,13] as well as our findings indicate that MR
severity tends to improve after TAVR. Additionally, we found that the
worse outcome in patients with higher grade of baseline MR is rather
related to other conditions that typically coexist with MR (e.g. atrial
fibrillation, coronary artery disease, and tricuspid regurgitation). Due
to these two factors, we focused on the prognostic value of residual
MR after TAVR unlike previous studies which focused on the prognostic
value of baseline MR [7,8,12,13].

After accounting for confounders, severe residualMRwas associated
with more than four-fold increased incidence of the composite of CV
mortality or HF hospitalization in the long-term after TAVR. The long-
Fig. 2. Kaplan-Meier curves of the composite of cardiovascular mortality or heart failure
(HF) hospitalization in the study population stratified according to the severity of
residual post-TAVR mitral regurgitation.
term follow up is a distinctive feature of the present analysis as
compared to previous studies which were confined to one/two year
outcomes [6,7]. The adverse prognostic impact of residual severe MR
is calling for amore proactivemanagement of this condition. Such a pro-
active approach is especially relevant in patients at intermediate/low
risk whose survival and quality of life are likely better, and would thus
benefit more from MR correction than the traditional high risk TAVR
population. Although one previous study has suggested that only 13%
of patients with residual high grade MR after TAVR are suitable candi-
dates for percutaneous management (repair/replacement) [13], pro-
spective studies of percutaneous management of severe MR persisting
after TAVR are required given the strong adverse prognostic impact of
this condition.

4.2. The mechanism of MR severity change after TAVR

In patients with predominant AS, the severity of MR increases as the
pressure gradient (PG) rises in the course of AS progression [14]. This
progression of MR severity is secondary to the increase of the left
ventricle-to-left atrium PG and to progressive LV adverse remodeling
which involves themitral valve apparatus [2]. After aortic valve replace-
ment, two processes act together contributing to MR regression: a) the
reduction of LV cavity pressure leading to reduction of the ventricle-to-
left atriumPG, and b) the reduction of LV diastolic volume and change of
LV shape and geometry resulting in a decrease in mitral tethering [2]. In
the early post-operative phase, the reduction in mitral regurgitation
volume is greater than the decrease in the effective regurgitant orifice
[15], denoting that the hemodynamic – rather than the geometric –
changes are the basic determinant ofMR improvement early after aortic
valve replacement. Thereafter, LV remodeling is likely the main factor
governing furtherMR improvement/deterioration. This pattern of inter-
actions which has been suggested by previous studies is further sup-
ported by our findings. We observed an impressive improvement of
MR severity early after TAVR,with 76% of thosewith severeMR improv-
ing to lesser severity. The likelihood of improvement was lower in
patients who received a CoreValve. The association between TAVR with
the CoreValve and a lower likelihood of MR improvement remained sig-
nificant after accounting for two important confounders; PVR and new
LBBB/pacemaker implantation. These two factors are known to occur
more frequently after CoreValve implantation and are also known to
impair LV performance and hemodynamics, possibly hindering MR im-
provement. The notion that TAVR with the CoreValve is associated with



Table 2
Predictors of cardiovascular mortality or after TAVR.

Univariable analysis Multivariable analysis

HR (95% CI) p HR (95% CI) p

Baseline characteristics
Atrial fibrillation 1.89 (1.44–2.48) b0.001 1.49 (1.04–2.12) 0.028
Coronary artery disease 1.34 (0.99–1.82) 0.061 1.70 (1.16–2.49) 0.007
Tricuspid regurgitation

Moderate 1.67 (1.18–2.35) 0.170 1.35 (0.88–2.08) 0.004
Severe 2.63 (1.68–4.11) b0.001 2.82 (1.63–4.85) b0.001

Left ventricular ejection fraction, % 1.00 (0.99–1.01) 0.323 1.01 (0.99–1.02) 0.383
Systolic pulmonary artery pressure, mm Hg 1.02 (1.01–1.02) 0.001 1.01 (0.99–1.02) 0.322

Post-TAVR characteristics
Prosthetic valve regurgitation

Mild 1.00 (0.76–1.33) 0.982 0.87 (0.61–1.24) 0.432
≥Moderate 0.58 (0.24–1.42) 0.234 0.54 (0.16–1.77) 0.305

Pacemaker implantation 0.97 (0.71–1.33) 0.856 0.93 (0.64–1.35) 0.696
Mitral regurgitation

Moderate 1.32 (0.97–1.80) 0.075 1.17 (0.78–1.74) 0.450
Severe 2.79 (1.64–4.76) b0.001 4.83 (2.49–9.38) b0.001
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lower extent of MR improvement has been previously suggested by a
large meta-analysis [7] as well as by smaller studies [16–20], some of
them have documented a mechanical interference with the mitral valve
by theCoreValve. It should, however, benoted that this association should
not be extrapolated to the next generations of the Medtronic self-
expanding transcatheter aortic valves. Compared to the older generation,
those next generation devices have a shorter and more conformable
frame and are usually implanted at a shallower depth than the older gen-
eration CoreValve [21,22].

Some previous studies have reported a differential pattern of MR re-
gression after TAVR depending on the etiology/mechanism of MR (or-
ganic vs. functional) [23–25]. On the other hand, some other studies
did not confirm such a difference [13,26]. Notwithstanding, the mecha-
nism of MR (functional vs. organic) does not predict whether the
regurgitant orifice is fixed or dynamic [27], and –therefore– even or-
ganicMR can significantly change in severity in response to the changes
in LV hemodynamics. In our analysis, we did not explore whether the
etiology/mechanism of MR would influence the change in MR severity.
Specification of the mechanism of MR in TAVR patients is challenging
and a “mixed” etiology (e.g. LV remodeling/dysfunction, coronary dis-
ease, annular calcification, etc.) is common especially in an elderly
population.

We also explored the fate of MR beyond 30 days after TAVR, a point
seldomaddressed in previous studies.We hypothesized that furtherMR
regression/deterioration after establishment of the acute hemodynamic
changes that follow TAVR would be part of the gradual process of re-
verse cardiac remodeling ensuing over themonths/years after TAVR. Al-
though available only in a subgroupof patients,MRI provided important
insights into this process. Patients with deteriorating MR severity have
also displayed no effective reduction in LV volume and mass, denoting
that lack of reverse cardiac remodeling after TAVR may herald progres-
sive cardiac deterioration; a hypothesis that should be further tested in
future studies. The association betweenMRdeterioration and lack of re-
verse cardiac remodeling can, however, be seen the other way around,
asMRdeterioration per semay lead to adverse cardiac remodeling. Con-
cluding upon the direction of causality of this relationship can be
reached only through larger scale studies, which should focus on the
pattern and determinants of cardiac remodeling after TAVR.
5. Limitations

The main limitation of the present study is that it did not include in-
formation on the etiology/mechanism of MR, which could be one of the
factors influencing the fate of MR after TAVR. Additionally, this is a ret-
rospective single center study -bearing the limitations inherent to such
a study design- and imaging data were not core lab adjudicated. MRI
was not available in all patients due to the common presence of contra-
indications (e.g. pacemakers). Finally, our study did not include data on
mitral stenosis. Severemitral stenosis affects b3%of patients undergoing
TAVR and portends adverse clinical outcomes [28–30].

6. Conclusions

MR improves in a majority of patients after TAVR, and its evolution
continues thereafter in line with reverse cardiac remodeling. Residual
severe MR after TAVR is associated with significantly worse long-term
outcomes. Therefore, intervention to treat severe MR persisting after
TAVR should be considered by the heart team.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2019.03.048.
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