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Abstract

Background: Mitral regurgitation (MR) is prevalent in patients undergoing transcatheter aortic valve implantation (TAVI).
There are some controversies about the prognostic impact of MR in survival of TAVI patients.

Objective: To examine the relationship between TAVI and MR in a patient population from the Brazilian TAVI Registry.

Methods: Seven hundred and ninety-five patients from the Brazilian TAVI Registry were divided at baseline, discharge,
and follow-up according to their MR grade as follows: absent/mild (AMMR) or moderate/severe (MSMR). They were
subsequently regrouped according to their immediate and late changes in MR severity after TAVI as follows: no change,
improved, or worsened MR. Predictors and prognostic impact on baseline as well as changes in MR severity were
analyzed. Statistical significance was set at p < 0.05.

Results: Baseline MSMR was present in 19.3% of patients and was a predictor of increased late mortality. Immediately
after TAVI, 47.4 % of cases improved to AMMR, predicted by a higher Society of Thoracic Surgeons score and a higher
grade of baseline aortic regurgitation. Upon follow-up, 9.2% of cases of AMMR worsened to MSMR, whereas 36.8% of
cases of MSMR improved to AMMR. Lower baseline left ventricular ejection fraction (LVEF) and improvement in LVEF
at follow-up were predictors of MR improvement. Progressive worsening of MR upon follow-up was an independent
predictor of higher late mortality after TAVI (p = 0.005).

Conclusions: Baseline MSMR predicts late mortality after TAVI. Lower LVEF and improved LVEF at follow-up predict MR
improvement after TAVI. Progressive worsening of MR severity at follow-up is an independent predictor of late mortality,
which is a rare finding in the literature.

Keywords: Aortic Valve Insuffciency; Mitral Valve Insufficiency; Aortic Valve Transcatheter Implantation; Epidemiology;
Survival Analysis; Echocardiography/methods.

isolated aortic valve replacement, moderate or severe MR
may be associated with higher mortality rates, congestive heart

Introduction
Approximately two thirds of patients with severe

symptomatic aortic stenosis (AS) and indication for surgical
valve replacement present with some degree of mitral
regurgitation (MR)'" and, in some cases, an indication for
double valve replacement surgery.? For patients undergoing
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failure, and subsequent mitral valve surgery.?

For patients with severe AS and MR for whom surgery is not the
ideal therapeutic choice, transcatheter aortic valve implantation
(TAVI) may be a suitable option."? Since, in some patients, a grade
reduction may be expected, or subsequent transcatheter mitral
valve intervention may be indicated, MR is generally not treated
in this scenario."* However, in the case of isolated aortic surgery,
MR severity may decrease, remain unchanged, or even increase
after TAVL."® Although many studies consistently demonstrate that
important MR at baseline is associated with poorer outcomes,**
information regarding the prognostic implications of changes in
MR severity after TAVI is scarce.”
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The aim of this study was to examine the relationship
between TAVI and MR in a patient population from the
Brazilian TAVI Registry.® We hypothesized that moderate/
severe MR (MSMR) at baseline and progressive deterioration
of MR influences the prognosis of TAVI.

Methods

Patients

The multicenter Brazilian TAVI Registry is a voluntary
participation registry, conducted since 2008 by the Brazilian
Society of Interventional Cardiology, which aggregates the
results of TAVI performed in 22 centers across Brazil. Patients
have been retrospectively and prospectively included in the
registry since the first TAVI was performed in Brazil. The registry
was approved by the Ethics Committee of the Albert Einstein
Hospital, Sao Paulo, on November 10, 2010, and inserted
in the “Plataforma Brasil” (a national and unified database of
research records involving human beings). All prospectively
included patients provided informed written consent.

Indication for TAVI was limited to groups of inoperable
or high-surgical-risk patients with severe symptomatic AS or
degenerated surgical bioprosthesis. The surgical mortality risk
was estimated using the EuroScore” and the Society of Thoracic
Surgeons (STS) risk score. Details, definitions, and partial
registry results have been previously published.®

This study included patients treated between January 2008
and January 2015. Patients who had previously undergone
mitral valve surgery or patients who did not have adequate
pre- and post-intervention echocardiographic records were
excluded from the analysis. Follow-up was performed at
medical visits with echocardiographic studies; the last follow-
up echocardiogram was used to compare with baseline and
discharge studies.

TAVI procedure

TAVI was performed using CoreValve prostheses (Medtronic,
Minneapolis, MN, USA) by transfemoral and transubclavian
access, Sapien XT (Edwards Lifesciences, Irvine, CA, USA)
by transfemoral and transapical access, and Inovare (Braile
Biomédica, Sao José do Rio Preto, SP, Brazil) implanted only by
the transapical route. The procedure was performed according
to standard techniques, previously described in detail.""* The
choice of access, type of anesthesia (general or sedation), and
the use of intraoperative transesophageal echocardiography was
left to the operator’s discretion. After the intervention, aspirin
(100 mg once daily) and clopidogrel (300 mg as a loading dose
and 75 mg once daily thereafter) were administered to the
patients for a minimum of 30 days. A complete transthoracic
echocardiogram of the patients was performed in the pre-,
peri-, and post-intervention periods (if there were several
echocardiograms, the last one was included). MR severity was
defined as absent, mild, moderate, or severe according to the
recommendations of the American Society of Echocardiography,
integrating structural, Doppler, and quantitative parameters.*

Patients’ clinical data and echocardiograms were analyzed
at baseline, hospital discharge, and late follow-up (mean
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follow-up time of 16.6 months). In each of these periods, the
patients were separated into two groups, according to their
MR grade. One group included patients with absent or mild
MR (AMMR), and the other included those with MSMR, as
described in prior studies.?' Subsequently, patients were
regrouped according to the change in MR severity after TAVI
when comparing baseline, discharge, and follow-up periods,
as follows: patients who showed no change in MR grade, those
with worsened MR (from AMMR to MSMR), and those with
improved MR severity (from MSMR to AMMR). Clinical and
echocardiographic predictors of MR improvement/worsening
were identified, and the relationship between changes in MR
grade and mortality rates was analyzed.

Statistical analysis

Statistical analyses were performed with the IBM SPSS
Statistics for Windows, Version 20.0 (IBM Corp, Armonk,
NY, USA). Continuous variables were expressed as mean and
standard deviation or median and range, while categorical
variables were expressed as frequencies and percentages.
Kolmogorov-Smirnov test was used to verify the normality
of the data; normality of data distribution was accepted for
most of the variables, without compromising other analyses.
Associations in categorical variables between groups were
assessed using Pearson’s chi-square test. Continuous variables
were analyzed using Student’s t test for independent samples
or non-parametric Mann-Whitney test to compare groups
defined by baseline MR grade (AMMR or MSMR). One-way
analysis of variance (ANOVA) or non-parametric Kruskal-Wallis
test was used to compare the groups defined by MR changes
(no change, worsened, or improved). Survival probability
was estimated by Kaplan-Meier curves. To analyze the effect
of MR changes on survival time, non-adjusted and adjusted
Cox proportional hazard regression models were adapted by
including covariates with p < 0.05 in the non-adjusted models.
Final models were assessed by stepwise backward likelihood
ratio method considering a p value < 0.05 for inclusion and
exclusion criteria. Hazard ratios (HR) and 95% confidence
intervals (Cl) were presented for the final models. Statistical
significance was set at p < 0.05.

Results

Baseline characteristics of the patients

Of the 819 patients included in the Brazilian TAVI
Registry, 795 patients were included in this analysis.
A patient flow diagram is shown in Figure 1, and Table 1
details patients’ baseline clinical characteristics according
to their baseline MR grade. Prior to the procedure, MR
was absent/mild in 642 patients (80.7%) and moderate/
severe in 153 patients (19.3%). Patients with MSMR were
older, and they presented with more comorbidities (renal
failure, lower hemoglobin levels, pulmonary hypertension,
atrial fibrillation, previous pacemaker implantation, more
advanced heart failure grades), higher surgical risk scores,
lower ejection fractions, larger LV diastolic diameters, more
severe aortic regurgitation, smaller aortic valve areas, and
lower aortic gradients.
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submitted to Tavi

-

795 patients included
in the analysis
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697 patients analyzed between

pre-procedure and discharge

488 patients analyzed between
discharge and followup

4
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patients with incomplete records

24 periproceduraldeaths (20 AMMR/4 MSMR)
51 Deaths before discharge (42 AMMR/9 MSMR)
23 patients with incomplete records

81 deaths before the firt FU (35 AMMR/10 MSMR)
128 patients with incomplete records

Figure 1 - Patient flow diagram. This flow chart specifies the mortality rate in the AMMR and MSMR groups. Note that the mortality rate before discharge
includes the peri-procedural mortality. “Incomplete records” are related to the absence of good echocardiograms for analysis. AMMR: absent/mild mitral

regurgitation; MSMR: moderate/severe mitral regurgitation; FU: follow-up.

CoreValve prostheses were implanted in 597 patients
(73%) by transarterial accesses, Sapien XT in 200
patients (24%) (3 by transapical and 197 by transarterial
approaches), and Inovare in 22 patients (3%) by transapical
access. In total, there were 770 patients who received
the prostheses by transarterial accesses, while 25 were
by transapical access. Seven hundred and seventy nine
patients (98%) had prostheses for native severe AS, and
16 (2%) had valve-in-valve prosthesis for degenerated
surgical bioprostheses.

Predictors for late mortality

According to the adjusted Cox regression model,
peripheral vascular disease (HR 1.6; 95% Cl, 1.11-2.32; p
= 0.012), previous balloon aortic valvuloplasty (HR 1.97;
95% Cl, 1.25-3.11; p = 0.004), and baseline MSMR (HR
1.50; 95% ClI, 1.05-2.14; p = 0.027) were independent
baseline predictors of late mortality, with mean follow-up
time of 16.6 months and median follow-up of 12.4 months
(first quartile: 2.6 months and third quartile: 24.7 months)
in this population

Changes in MR severity: pre-intervention versus discharge

After intervention, MR grade was compared between
baseline and discharge in a total of 697 patients. TAVI
did not change MR grade in comparison with baseline in
83.8% (n = 584) of patients. MR severity worsened after
TAVI in 8.7% (n = 49) of patients with baseline AMMR,

but it improved in 47.8% (n = 64) of those with baseline
MSMR (Figure 2).

There was a higher prevalence of renal failure in
patients whose MR grade worsened after TAVI (p = 0.022).
Upon univariate analysis, a higher STS score (p = 0.013)
and a more severe baseline aortic regurgitation (p = 0.010)
were predictors of an improvement in MR severity. Other
baseline echocardiographic data, as well as changes in
parameters, such as the left ventricular ejection fraction
(LVEF) and aortic gradient between baseline and discharge,
were not associated with MR severity improvement or
worsening after TAVI (Table 2).

Changes in MR severity: discharge versus follow-up

After discharge, clinical and echocardiographic follow-
up was performed in 488 patients, with a mean follow-up
time of 16.6 = 14.1 months (median follow-up: 12.4
months, first quartile: 2.6 months and third quartile: 24.7
months). Compared with discharge, there were no changes
in MR severity in 86.4% (n = 422) of patients. Only 9.2%
(n = 38) of patients with AMMR at discharge presented
with worse MR severity grades, whereas 36.8% (n = 28)
of patients with MSMR at discharge presented with an
improvement to AMMR at follow-up (Figure 2).

Lower baseline LVEF (p = 0.015) was a predictor of late
improvement of MR severity in the univariate analysis. In
addition, a strong trend towards late improvement of MR
severity was observed in patients with LVEF improvement
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Table 1 - Baseline characteristics of patients and comparison of groups defined by baseline MR dysfunction (n = 795)

Whole population

According to baseline MR dysfunction

Characteristic (n = 795) Absent/mild Moderate/severe p value*
(n=642) (n=153)
Age (years) 815+73 81275 83.1+6.6 0.002
Male 389 (48.9) 313 (48.8) 76 (49.7) 0.838
Coronary artery disease 465 (58.4) 375 (58.4) 90 (58.8) 0.926
Previous myocardial infarction 117 (14.7) 99 (15.4) 18 (11.8) 0.251
Peripheral vascular disease 136 (17.1) 118 (18.4) 18 (11.8) 0.051
Stroke/TIA 63 (7.9) 50 (7.8) 13 (8.5) 0.771
Diabetes 253 (31.8) 206 (32.1) 47 (30.7) 0.744
Systemic arterial hypertension 601 (75.5) 484 (75.4) 117 (76.5) 0.780
Renal failure 615 (77,3) 485 (75.5) 130 (85.0) 0.012
Preprocedural pacemaker 81(10.2) 57 (8.8) 24 (15.6) 0.012
Hemoglobin (mg/dl) 11.8+1.7 11.8+1.8 11.5+1.6 0.045
Pulmonary hypertension 176 (22.1) 133 (20.7) 43 (28.1) 0.048
NYHA functional class Ill or IV 648 (81.5) 511 (79.6) 137 (89.5) 0.004
Atrial fibrillation 106 (13.3) 78 (12.3) 28 (18.5) 0.044
EuroScore mortality 16 ( 17.6) 15.2 (16.6) 21.1 (17.5) 0.001
STS score mortality 7.2 (10.5) 6.6 (9.9) 10.9 (12) <0.001
Moderate/severe baseline aortic regurgitation 95 (11.9) 60(10,9) 35(23.0) <0,001
Previous balloon aortic valvuloplasty 50 (6,2) 36 (5,6) 14 (9,2) 0,105
Baseline EF (%) 58.7 £ 14.9 60.1+14.4 53.2+16.0 <0.001
Baseline LV diastolic diameter (mm) 50.8+9.4 50.2+8.8 53.4+10.3 0.001
Baseline aortic valve area (cm?) 0.66 £ 0.19 0.67 £0.19 0.63+0.19 0.016
Baseline mean aortic gradient (mmHg) 49.3+16.0 50.1+15.7 46.3+16.5 0.010
Baseline peak aortic gradient (mmHg) 81.0+24.8 82.3+24.6 76.0 £25.0 0.005

Results described by frequency (percentage), mean * standard deviation or median (interquartile range). *Student t test for independent samples,
non-parametric Mann-Whitney test (quantitative variables), or chi-square test (categorical variables), p < 0.05. EF: gjection fraction, LV: left ventricle,
MR: mitral regurgitation, NYHA: New York Heart Association, STS: Society of Thoracic Surgeons, TIA: transient ischemic attack.

upon follow-up (p = 0.052, Table 3). No predictive factors
of late worsening of MR severity were identified.

Mortality

Changes in MR severity at baseline versus discharge (both
improvement [HR 1.17; 95% Cl, 0.69-1.98; p = 0.56] or
worsening [HR 1.28; 95% Cl, 0.70-2.32; p = 0.43]) were not
significant predictors of late mortality after TAVI, even when
adjusted for survival determining factors such as baseline
hemoglobin level (HR 0.89; 95% Cl, 0.81-0.98; p = 0.013),
NYHA functional class I1l/IV congestive heart failure (HR 1.95;
95% Cl, 1.14-3.34; p = 0.015), and previous balloon aortic
valvuloplasty (HR 2.19; 95% Cl, 1.29-3.72; p = 0.004). In a
non-adjusted analysis, late changes in MR severity also did not
impact mortality rates. However, when adjusted for factors that
increased mortality in this period, such as NYHA functional
class I1I/1V congestive heart failure (HR 2.6; 95% Cl, 1.11-6.05;
p = 0.026) and previous balloon aortic valvuloplasty (HR 2.5;
95% Cl, 1.31-4.83; p = 0.005), the worsening of MR between
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discharge and follow-up periods, compared to unchanged MR,
was strongly associated with an increased mortality risk (HR
2.74;95% Cl, 1.36-5.48; p = 0.005) (Table 4). Kaplan-Meier
curves demonstrating survival probabilities for each group from
discharge to follow-up are shown in Figure 3.

Discussion

In the present study, we observed the following: 1) baseline
MSMR in patients undergoing TAVI was associated with age,
the presence of comorbidities, and the severity of aortic
stenosis; 2) baseline MSMR was a predictor of late mortality
after TAVI; 3) approximately half of the patients with baseline
MSMR presented with improved MR severity immediately
after TAVI, and, in addition, 37% of patients with MSMR upon
discharge presented with improved MR at the late follow-
up; 4) baseline moderate/severe aortic regurgitation was a
predictor of immediate improvement of MSMR after TAVI;
5) patients who showed a progressive improvement in MR at
the late follow-up after TAVI were those who presented with
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Baseline (n = 795)

Absent/mild

91.3%

Absent/mild
80.7%

Moderate/severe
8.7%

Absent/mild
47 .4%

Moderate/severe
19.3%

Moderate/severe
52.6%

Discharge (n=697)

Follow-up (n=488)
Absent/mild o
93.9% 70.5%
Moderate/severe 0
6.1% 4.6%
Absent/mild o
48.0% 2.5%
Moderate/severe o
52.0% 2.7%
Absent/mild o
65.9% 6.1%
Moderate/severe 3.1%
34.1%
Absent/mild 3.3%
32.0%
Moderate/severe 7.1%
68.0% )

Figure 2 — Changes in mitral regurgitation (MR) severity: baseline, discharge, and follow-up periods. This includes patients with complete echocardiography
data in all three periods. Baseline: n = 795; discharge: n = 697; follow-up: n = 488. **Variation of MR grade when comparing baseline to the last follow-up

for the whole population, excluding deaths and incomplete records.

a lower baseline LVEF and improved LVEF after intervention;
and, finally, 6) progressive worsening of MR severity at the late
follow-up post-TAVI was an independent predictor of mortality;
however, no predictor of this worsening was identified.

In corroboration with other studies, 20% of patients in
the Brazilian TAVI Registry presented with baseline MSMR,
and these patients had more serious comorbidities than
those with less severe MR."51 However, there is some
controversy in the literature concerning the prognostic value of
baseline MSMR on patient mortality after TAVI. Some studies
showed no correlation,''®2° whereas other publications
demonstrated the influence of significant MR on early and/
or late mortality,>>'%'%2% in particular an analysis of the US
Transcatheter Valve Therapy Registry comprising more than
4,000 patients.? Similar to these later studies, our results also
demonstrated that the presence of MSMR at baseline leads to
increased late mortality rate after TAVI.

According to the severity of MR, there were four groups
and they were analyzed together in absent/mild MR and
moderate/severe MR groups. This was done due to the small
number of patients with severe MR (n = 20 patients, 2.4%).
In the literature, all the studies related to MR in TAVI patients
have analyzed moderate and severe MR in only one group
(moderate/severe MR) as we did.?3571520

The etiology of MR (organic/degenerative versus
functional) could not be defined based on our registry data.
Vollenbroich et al.” studied the influence of functional
versus degenerative MR on clinical outcome after TAVI.
They found 36% functional and 64% degenerative MR
among the patients with MSMR. Degenerative MR
presented increased risk during long-term follow-up after
TAVI, in relation to functional MR. Muratori et al.? also
found organic MR more prevalent among patients with
MSMR who underwent TAVI. They showed a greater
reduction of MR degree after TAVI in functional MR and
a negative impact on long-term follow-up for organic MR.
Thus, the etiology of MR may influence prognosis after
TAVI but we could not study this topic in our population
of patients.

Little information is available regarding the frequency
and prognostic value of changes in MR severity after
TAVI. As depicted in Figure 2, and, in agreement with the
findings of Boerlage-van Dijk et al.,** more than 80% of
our patients presented with no change in their baseline
MR grade at the late follow-up after TAVI. However,
almost half of the patients with baseline MSMR presented
with an improved MR grade immediately after TAVI.
Among those without immediate improvement, almost
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Table 2 - Comparison of groups defined by changes in MR severity: baseline versus discharge after TAVI (n = 697)

Changes in MR severity at baseline versus discharge

Characteristic Unchanged Worsened Improved p value*
n =584 n=49 n =64
Age (years) 81375 824%55 81.9+6.7 0.559
Male 294 (50.3) 21 (42.9) 31(48.4) 0.590
Coronary artery disease 332 (56.8) 35(71.4) 38 (59.4) 0.136
Previous myocardial infarction 90 (15.4) 7 (14.3) 7 (10.9) 0.629
Peripheral vascular disease 106 (18. 2) 0 (20.4) 6 (9.4) 0.184
Stroke/TIA 4(8.2) 5(7.8) 0.986
Diabetes 187 (32.0) 3(26.5) 20 (31.2) 0.728
Systemic arterial hypertension 429 (73.5) 40 (81.6) 51(79.7) 0.279
Renal failure 444 (76.0) 44 (89.8) 55 (85.9) 0.022
Hemoglobin (mg/dl) 11.8£1.8 12.0£1.7 11.5£1.5 0.374
Pulmonary hypertension 130 (22.3) 8 (16.3) 17 (26.6) 0.431
NYHA functional class IIl or IV 471 (80.7) 39 (79.6) 55 (85.9) 0.570
Atrial fibrillation 73 (12.7) 8(16.3) 10 (15.6) 0.642
EuroScore mortality 15.6 (17) 17.4 (15.7) 21.1 (17.9) 0.124
STS score mortality 9 (10.2) 9.5 (14.5) 11.5 (12.1) 0.013
Moderate/severe baseline aortic regurgitation 69 (11.9) 5(10.9) 16 (25.4) 0.010
Previous balloon aortic valvuloplasty 33 (5,7) 3(6,1) 7(10,9) 0,309
Baseline EF (%) 59.2+£15.0 55.3+15.5 57.3+14.7 0.160
Baseline LV diastolic diameter (mm) 50.8+£9.0 51.2+11.0 52.4+£10.0 0.430
Baseline aortic valve area (cm?) 0.67 £0.19 0.67 £0.17 0.63£0.20 0.360
Baseline mean aortic gradient (mmHg) 49.5+16.0 46.3+12.6 49.5+19.2 0.434
Baseline peak aortic gradient (mmHg) 80 (33) 75 (34.5) 78 (37.5) 0.324
Difference baseline-discharge EF (%) 1(10) 1(16.3) 3(10) 0.314
Difference baseline-discharge aortic mean gradient (mmHg) -39.6 £ 16.1 -39.7£12.9 -37.5+23.0 0.686
Difference baseline-discharge peak aortic gradient (mmHg) -63.1+24.9 -60.3 £22.3 -56.6 + 34.2 0.174

Results described by frequency (percentage), mean * standard deviation, or median (interquatile range). *One-way ANOVA, non-parametric Kruskal-
Wallis test (quantitative variables), or chi-square test (categorical variables), p < 0.05
EF: ejection fraction, LV: left ventricle, MR: mitral regurgitation, NYHA: New York Heart Association, STS: Society of Thoracic Surgeons, TAVI:

transcatheter aortic valve implantation, TIA: transient ischemic attack .

40% improved at the late follow-up. Recent literature has
suggested that pre-procedure MR severity improves after
TAVI in 29% to 70% of patients, and, in most cases, it is
sustained at follow-up, having a favorable impact on late
mortality and re-hospitalization rates after TAV[."6"9.22:26
The absence of mitral annular calcification,'”?” functional
(rather than degenerative) MR,>%'*” absence of pulmonary
hypertension,'”?'2” absence of atrial fibrillation,?' 2427
persistent left bundle branch block,?” higher initial
transaortic gradients,’” absence of concomitant coronary
artery disease,?® and the implantation of an Edwards-
Sapien rather than CoreValve prosthesis® were identified as
predictors of this improvement. We identified lower LVEF at
baseline and an improvement in LVEF after the intervention
as predictors of MR improvement. These predictors have
also been identified by other authors,'*?%3* and they can
be explained by reverse left ventricular remodeling and the
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consequent reduction in the mitral valve complex stretching
forces after TAVI. This explanation is supported by the
previous demonstration that patients with improved MR
severity after TAVI show a significant reduction in LV end-
diastolic volume and favorable mitral annular geometric
changes after aortic intervention.*' The influence of reduced
LV end-diastolic volume on the improvement of MR was
also demonstrated by the association of moderate/severe
baseline aortic regurgitation with early improvement of MR
severity after TAVI that we demonstrated.

The Brazilian TAVI Registry was planned to include most
of the TAVI procedures performed in Brazil, and, as a real-
world sample, we included both severe AS in native valve,
which constituted the vast majority (98%) and patients with
degenerated surgical aortic bioprostheses (n = 16, 2% of
patients). This could be considered a flaw in our patient
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Table 3 - Comparison of groups defined by changes in MR severity: discharge after TAVI versus follow-up periods (n = 488)

Changes in MR severity at discharge versus follow-up

(mean = 16.6 months)

Characteristic p value*
Unchanged Worsened Improved
n =422 n=38 n=28
Age (years) 81.1+7.3 81.7+6.4 83.9+6.6 0.119
Male 216 (51.2) 15 (39.5) 13 (46.4) 0.356
Coronary artery disease 238 (56.4) 25 (65.8) 19 (67.9) 0.287
Previous myocardial infarction 61 (14.5) 7 (18.4) 6(21.4) 0.538
Peripheral vascular disease 73 (17.3) 6 (15.8) 6(21.4) 0.830
Stroke/TIA 27 (6.4) 4 (10.5) 2(7.1) 0.659
Diabetes 128 (30.3) 13 (34.2) 10 (35.7) 0.755
Systemic arterial hypertension 306 (72.5) 27 (711.1) 21(75.0) 0.938
Renal failure 323 (76.5) 30 (78.9 26 (92.9) 0.131
Hemoglobin (mg/dI) 1817 11.8+17 11.8£2.0 0.968
Pulmonary hypertension 85 (20.1) 9 (23.7) 11 (39.3) 0.055
NYHA functional class Il or IV 347 (82.2) 28 (73.7) 24 (85.7) 0.365
Atrial fibrillation 50 (12.0) 7 (18.4) 5(17.9) 0.407
EuroScore mortality 15.2 (15.8) 19.8 (20) 18.4 (21.2) 0.077
STS score mortality 7(10.7) 10.9 (13.2) 10.6 (8.2) 0.254
Moderate/severe baseline aortic regurgitation 54 (13.1) 6 (16.2) 3(11.1) 0.825
Previous balloon aortic valvuloplasty 28 (6,6) 3(7,9) 1(3,6) 0,744
Baseline EF (%) 58.6 + 15.3 59.0+14.5 49.8+16.5 0.015
Baseline LV diastolic diameter (mm) 50,6 £8,0 51.4+£9.0 51.8+8.0 0.569
Baseline aortic valve area (cm?) 0.66 £ 0.19 0.70+0.14 0.62 +0.23 0.317
Baseline mean aortic gradient (mmHg) 50.5+16.3 46.0 + 14.4 45.7 £ 14.4 0.104
Discharge EF (%) 60.4+£13.4 61.4+12.7 55.3+15.3 0.117
Discharge LV diastolic diameter (mm) 50.4+9.0 51.8+9.0 51.6+8.0 0.642
Discharge mean aortic gradient (mmHg) 10.2+6.1 92+79 76+37 0.131
Discharge peak aortic gradient (mmHg) 18 (11) 15.5 (12.5) 15 (8.5) 0.068
Difference baseline-follow-up EF (%) 0(11) -2 (14) 2 (16) 0.052
I()ri]ffrﬁﬁg)ce baseline-follow-up mean aortic gradient 0(5) 0(7) 2 (5) 0.212
I(Jri]ﬁrgﬁzg)ce baseline-follow-up peak aortic gradient 0(9) 2(98) 1(9) 0170
Moderate/severe residual aortic regurgitation 34 (8.0) 2 (5.4) 1(3.5) 0.540

Results described by frequency (percentage), mean + standard deviation, or median (interquatile range). *One-way ANOVA, non-parametric Kruskal-
Wallis test (quantitative variables), or chi-square test (categorical variables), p < 0.05
EF: ejection fraction, LV: left ventricle, MR: mitral regurgitation, NYHA: New York Heart Association, STS: Society of Thoracic Surgeons, TAVI:

transcatheter aortic valve implantation, TIA: transient ischemic attack.

selection, but a recent study by Akodad et al. has shown
that valve-in-valve TAVI is as safe and feasible as TAVI in
native AS, with no significant influence in the follow-up
of such patients.?? This finding indicates that the inclusion
of a small number of degenerated surgical bioprostheses
should not affect our results and conclusions.

One of the most important findings in the present study
was that progressive deterioration of MR has a negative

impact on late mortality in patients undergoing TAVI. It is
known that a significant portion of the patients who show
an initial improvement in MR severity, both after surgical
aortic valve replacement and after TAVI, regress to baseline
status if followed for more than 1 year.**?* However, the
finding that this MR worsening is an independent predictor
of higher late mortality rates has seldom been reported in
the literature.? This finding could play an important role
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Table 4 — Impact of groups defined by changes in MR severity: baseline to discharge, discharge to follow-up, and general mortality

Non-adjusted Adjusted**

Mean time Deaths
(months (%) HR (95% CI) p value* HR (95% Cl) p value*

MR from baseline to discharge

Unchanged (reference) 54.6 24,5 1 1

Worsening 44.0 28.6 1.21 (0.68 - 2.14) 0.512 1.28 (0.70-2.32) 0.426

Improvement 35.1 25.0 1.03 (0.61-1.73) 0.912 1.17 (0.69-1.98) 0.561
MR from discharge to follow-up

Unchanged (reference) 68.1 16.9 1 1

Worsening 51.3 28.2 1.61 (0.85 - 3.04) 0.141 2.74 (1.36 - 5.48) 0.005

Improvement 50.5 18.8 1.42 (0.62 - 3.29) 0.408 1.48 (0.62 - 3.50) 0.377

*Cox regression model (stepwise backward likelihood ratio ) and Wald test, p < 0.05. **Baseline-to-discharge mitral dysfunction: adjusted for baseline
hemoglobin level, NYHA functional class and previous balloon aortic valvuloplasty; **Discharge-to-follow-up mitral dysfunction: adjusted for NYHA
functional class and previous balloon aortic valvuloplasty. Cl: confidence interval, HR: hazard ratio, MR: mitral requrgitation.

c
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2
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Worsening
0.2
0
0 12 24 36 48 60 T2
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n=28 18 10 7 5 3 o
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Figure 3 - Kaplan-Meier curves with survival probabilities from discharge to follow-up periods for groups with improvement, no change and worsening of
mitral regurgitation (MR) after TAVI (n = 488). Cox Regression Models comparing Unchanged MR to worsening of MR: p = 0.005; comparing unchanged
MR to improvement of MR: p = 0.377.

in future therapeutic strategies during TAVI follow-up. The ~ Limitations

association between MR worsening and increased mortality

after TAVI does not indicate that MR treatment would lead
to improved evolution after TAVI, since it can only be an
indication of heart failure progression. However, associated
percutaneous MR treatment has already been used for TAVI
patients with good results,*> and this combined therapy
could be an option in the future.

Arq Bras Cardiol. 2021; 116(6):1059-1069

The present study has some limitations. Due to the non-
randomized nature of the study, there was no control group, and,
as the study design was observational, flaws in patient selection
are possible. However, the TAVI Registry reflects the real-world
practice in the Brazilian environment. The analysis was partially
based on retrospective data and also included prospective data
collection in most patients. Although echocardiographic criteria
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for MR quantification were defined by current guidelines, there
is no core lab for echocardiographic evaluation, and it may,
therefore, be subject to inter-observer variation. The MR cases
were separated according to severity, but their etiology (organic
versus functional) could not be defined based on the registry
data. The duration of late follow-up had a large variation, since
patients were continuously included from 2008 to 2015; thus,
some patients took longer to experience remodeling changes
after TAVI. Finally, a non-negligible portion of patients was lost
during echocardiographic follow-up.

Conclusions

The Brazilian TAVI Registry is the greatest series of TAVI in
South America. It includes the first procedure carried out in
Brazil, and it has the longest follow-up of such patients. The
TAVI Registry reflects the real-world practice in the Brazilian
environment. From our study, it is evident that baseline MSMR
was a predictor of a higher late mortality rate after intervention.
Most of the patients with baseline MSMR, especially those
with a lower baseline LVEF and those who showed progressive
improvement in LVEF, showed an improved MR grade at
the follow-up. Progressive worsening of MR severity after
TAVI resulted in a higher late mortality rate, and it should be
considered in the future care of these patients.

References

1. Barbanti M, Dvir D, Tan J, Webb J. Aortic stenosis and mitral regurgitation:
implications for transcatheter valve treatment. Eurolntervention.
2013;9(Suppl):569-71.

2. McCarthy FH, Desai ND, Herrmann HC, Kobrin D, Vallabhajosyula P, Fox
Z, etal. Aortic and mitral valve replacement versus transcatheter aortic
valve replacement in propensity-matched patients. Ann Thorac Surg.
2014;98(4):1267-73.

3. Muratori M, Fusini L, Tamborini G, Ali SG, Gripari P, Fabbiocchi F, et al. Mitral
valve regurgitation in patients undergoing TAVI: Impact f severity and etiology
on clinical outcome. Int ] Cardiol. 2020 Jan 15;299:228-34.

4. Coutinho GF, Correia PM, Pancas R, Antunes M. Management of moderate
secondary mitral regurgitation at the time of aortic valve surgery. Eur )
Cardiothorac Surg. 2013;44(1):32-40.

5. Florentino TM, Le Bihan D, Abizaid AAC, Cedro AV, Corréa AP, Santos ARM,
etal. Primary mitral valve regurgitation outcome in patients with severe aortic
stenosis 1 year after transcatheter aortic valve implantation: echocardiographic
evaluation. Arq Bras Cardiol. 2017;109(2):148-55.

6. Takagi H, Umemoto T, ALICE (All-Literature Investigation of Cardiovascular
Evidence) Group. Coexisting mitral regurgitation impairs survival after
transcatheter aortic valve implantation. Ann Thorac Surg. 2015;100(6):2270-6.

7. Vollenbroich R, Stortecky S, Praz F, Lanz ), Franzone A, Zuk K, etal. The impact
of functional vs degenerative mitral regurgitation on clinical outcomes among
patients undergoing transcatheter aortic valve implantation. Am Heart ). 2017
Feb;184:71-80.

8. Brito]rFS, Carvalho LA, Sarmento-Leite R, Mangione JA, Lemos P, Siciliano
A, etal. Outcomes and predictors of mortality after transcatheter aortic valve
implantation: results of the Brazilian registry. Catheter Cardiovasc Interv.
2015;85(5):E153-62.

9. Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow S, Salamon R.
European system for cardiac operative risk evaluation (EuroSCORE). Eur )
Cardiothorac Surg. 1999;16(1):9-13.

Author contributions

Conception and design of the research and Analysis and
interpretation of the data: Cunha LCBP, Guerios EE, Brito Jr.
FS; Data acquisition: Guerios EE, Brito Jr. FS, Carvalho LA,
Lemos Neto P Sarmento-Leite R, Abizaid AA, Mangione JA,
Oliveira AD, Siciliano A, Esteves V; Statistical analysis and
Writing of the manuscript: Cunha LCBP; Critical revision of
the manuscript for intellectual content: Guerios EE, Brito Jr.
FS, Cunha CLP.

Potential Conflict of Interest

The authors report no conflict of interest concerning the
materials and methods used in this study or the findings
specified in this paper.

Sources of Funding
There was no external funding source for this study.

Study Association

This article is part of the thesis of Doctoral submitted by
Luciana de Cerjat Bernardes P. da Cunha, from Universidade
Federal do Parana.

10. Shroyer AL, Coombs L, Peterson ED, Eiken MC, DeLong ER, Chen A, et al. The
Society of Thoracic Surgeons: 30-day operative mortality and morbidity risk
models. Ann Thorac Surg. 2003;75(6):1856-64.

11. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, et al.
Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot
undergo surgery. N Engl ) Med. 2010;363(17):1597-607.

12. Popma ), Adams DH, Reardon M), Yakubov SJ, Kleiman NS, Heimansohn D, et
al. Transcatheter aortic valve replacement using a self-expanding bioprosthesis in
patients with severe aortic stenosis at extreme risk for surgery. ] Am Coll Cardiol.
2014;63(19):1972-81.

13. Gaia DF, Breda JR, Ferreira CBND, Souza JAM, Macedo MT, Gimenes MV, et al.
New Braile Inovare transcatheter aortic prosthesis: clinical results and follow-up.
Eurolntervention. 2015;11(6):682-9.

14. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine RA, et
al. Recommendations for evaluation of the severity of native valvular regurgitation
with two-dimensional and Doppler echocardiography. ] Am Soc Echocardiogr.
2003;16(7):777-802.

15. Barbanti M, Webb JG, Hahn RT, Feldman T, Boone RH, Smith CR, etal. Impact
of preoperative moderate/severe mitral regurgitation on 2-year outcome
after transcatheter and surgical aortic valve replacement: insight from the
Placement of Aortic Transcatheter Valve (PARTNER) Trial Cohort A. Circulation.
2013;128(25):2776-84.

16. Chakravarty T, Belle EV, Jilaihawi H, Noheria A, Testa L, Bedogni F, et al. Meta-
analysis of the Impact of mitral regurgitation on outcomes after transcatheter aortic
valve implantation. Am J Cardiol. 2015;115(7):942-9.

17. Toggweiler S, Boone RH, Rodés-Cabau J, Humphries KH, Lee M, Nombela-
Franco L, etal. Transcatheter aortic valve replacement: outcomes of patients with
moderate or severe mitral regurgitation. ] Am Coll Cardiol. 2012;59(23):2068-74.

18. D’Onofrio A, Gasparetto V, Napodano M, Bianco R, Tarantini G, RenierV, etal.
Impact of preoperative mitral valve regurgitation on outcomes after transcatheter
aortic valve implantation. Eur ] Cardiothorac Surg. 2012;41(6):1271-6.

Arq Bras Cardiol. 2021; 116(6):1059-1069

1067


https://www.ncbi.nlm.nih.gov/pubmed/?term=McCarthy FH%5BAuthor%5D&cauthor=true&cauthor_uid=25149054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Desai ND%5BAuthor%5D&cauthor=true&cauthor_uid=25149054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herrmann HC%5BAuthor%5D&cauthor=true&cauthor_uid=25149054
https://www.ncbi.nlm.nih.gov/pubmed/?term=ann+thoracic+surgery+2014%3B98%3A1267-73
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coutinho GF%5BAuthor%5D&cauthor=true&cauthor_uid=23345178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Correia PM%5BAuthor%5D&cauthor=true&cauthor_uid=23345178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pancas R%5BAuthor%5D&cauthor=true&cauthor_uid=23345178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vollenbroich R%5BAuthor%5D&cauthor=true&cauthor_uid=27892889
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stortecky S%5BAuthor%5D&cauthor=true&cauthor_uid=27892889
https://www.ncbi.nlm.nih.gov/pubmed/?term=Praz F%5BAuthor%5D&cauthor=true&cauthor_uid=27892889
https://www.ncbi.nlm.nih.gov/pubmed/27892889
https://www.ncbi.nlm.nih.gov/pubmed/?term=de Brito FS Jr%5BAuthor%5D&cauthor=true&cauthor_uid=25510532
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carvalho LA%5BAuthor%5D&cauthor=true&cauthor_uid=25510532
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarmento-Leite R%5BAuthor%5D&cauthor=true&cauthor_uid=25510532
https://www.ncbi.nlm.nih.gov/pubmed/25510532
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nashef SA%5BAuthor%5D&cauthor=true&cauthor_uid=10456395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roques F%5BAuthor%5D&cauthor=true&cauthor_uid=10456395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michel P%5BAuthor%5D&cauthor=true&cauthor_uid=10456395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gauducheau E%5BAuthor%5D&cauthor=true&cauthor_uid=10456395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salamon R%5BAuthor%5D&cauthor=true&cauthor_uid=10456395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shroyer AL%5BAuthor%5D&cauthor=true&cauthor_uid=12822628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coombs LP%5BAuthor%5D&cauthor=true&cauthor_uid=12822628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peterson ED%5BAuthor%5D&cauthor=true&cauthor_uid=12822628
https://www.ncbi.nlm.nih.gov/pubmed/12822628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leon MB%5BAuthor%5D&cauthor=true&cauthor_uid=20961243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith CR%5BAuthor%5D&cauthor=true&cauthor_uid=20961243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mack M%5BAuthor%5D&cauthor=true&cauthor_uid=20961243
https://correio.trt9.jus.br/owa/redir.aspx?C=Y_trO7LJXO2MwPBl5Csd-JhHVVZOe6Rx1ynyk3mKg56NfVnwwWzUCA..&URL=https%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%2f%3fterm%3dGaia%2520DF%255BAuthor%255D%26cauthor%3dtrue%26cauthor_uid%3d26499221
https://correio.trt9.jus.br/owa/redir.aspx?C=JbZvVxONjzrIoIWBxJytOJDzaMkCH99IBoZjsM1BkoCNfVnwwWzUCA..&URL=https%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%2f%3fterm%3dBreda%2520JR%255BAuthor%255D%26cauthor%3dtrue%26cauthor_uid%3d26499221
https://correio.trt9.jus.br/owa/redir.aspx?C=8_TgN3ZN1usKmqXzMd7XS1QpZ7qQrc6pk3o7JCASFEiNfVnwwWzUCA..&URL=https%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%2f%3fterm%3dDuarte%2520Ferreira%2520CB%255BAuthor%255D%26cauthor%3dtrue%26cauthor_uid%3d26499221
https://correio.trt9.jus.br/owa/redir.aspx?C=0Xa9ZqzQDOqfuQR9Kid0lh2lOV16IRtFCdXHSTn3acxnV1nwwWzUCA..&URL=https%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%2f26499221%23
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zoghbi WA%5BAuthor%5D&cauthor=true&cauthor_uid=12835667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Enriquez-Sarano M%5BAuthor%5D&cauthor=true&cauthor_uid=12835667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Foster E%5BAuthor%5D&cauthor=true&cauthor_uid=12835667
https://www.ncbi.nlm.nih.gov/pubmed/12835667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbanti M%5BAuthor%5D&cauthor=true&cauthor_uid=24152861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Webb JG%5BAuthor%5D&cauthor=true&cauthor_uid=24152861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chakravarty T%5BAuthor%5D&cauthor=true&cauthor_uid=25779617
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van Belle E%5BAuthor%5D&cauthor=true&cauthor_uid=25779617
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jilaihawi H%5BAuthor%5D&cauthor=true&cauthor_uid=25779617
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toggweiler S%5BAuthor%5D&cauthor=true&cauthor_uid=22483326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boone RH%5BAuthor%5D&cauthor=true&cauthor_uid=22483326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rod%C3%A9s-Cabau J%5BAuthor%5D&cauthor=true&cauthor_uid=22483326
https://www.ncbi.nlm.nih.gov/pubmed/22483326
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Onofrio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22219481
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gasparetto V%5BAuthor%5D&cauthor=true&cauthor_uid=22219481
https://www.ncbi.nlm.nih.gov/pubmed/?term=Napodano M%5BAuthor%5D&cauthor=true&cauthor_uid=22219481
https://www.ncbi.nlm.nih.gov/pubmed/?term=eur+j+cardiothorac+surg+2012+jun%3B41(6)%3A+1271-6

1068

Cunha et al.
Mitral Regurgitation and TAVI

Original Article

20.

21.

22.

23.

24.

25.

26.

27.

. Sannino A, Losi MA, Schiattarella GG, Gargiulo G, Perrino C, Stabile E, et

al. Meta-analysis of mortality outcomes and mitral regurgitation evolution
in 4839 patients having transcatheter aortic valve implantation for severe
aortic stenosis. Am J Cardiol. 2014;114(6):875-82.

Silberman S, Fink D, Butnaru A, Balkin J, Almagor Y, Tauber R, et al.
Untreated mitral regurgitation does not affect survival of elderly patients
undergoing TAVI. ) Heart Valve Dis. 2016;25(1):46-50.

Bedogni F, Latib A, De Marco F, Agnifili M, Oreglia J, Pizzocri S, et al.
Interplay between mitral regurgitation and transcatheter aortic valve
replacement with the CoreValveRevalving System: a multicenter registry.
Circulation. 2013;128(19):2145-53.

Mavromatis K, Thourani VH, Stebbins A, Vemulapalli S, Devireddy C,
Guyton RA, et al. Transcatheter aortic valve replacement in patients
with aortic stenosis and mitral regurgitation. Ann Thorac Surg.
2017;104(6):1977-86.

Zahn R, Werner N, Gerckens U, Linke A, Sievert H, Kahlert P, et al.
Five-year follow-up after transcatheter aortic valve implantation for
symptomatic aortic stenosis. Heart. 2017;103(24):1970-6.

Boerlage-van Dijk K, Wiegerinck EMA, Takama T, Koch KT, Vis MM,
Mol BAJM, et al. Mitral regurgitation prior to transcatheter aortic valve
implantation influences survival but not symptoms. IntJ Cardiol. 2016
Feb 1,204:95-100.

Khawaja MZ, Williams R, Hung ], Arri S, Asrress KN, Bolter K, etal. Impact
of preprocedural mitral regurgitation upon mortality after transcatheter
aortic valve implantation (TAVI) for severe aortic stenosis. Heart.
2014;100(22):1799-803.

Hekimian G, Detaint D, Messika-Zeitoun D, Attias D, lung B, Himbert D,
etal. Mitral regurgitation in patients referred for transcatheter aortic valve
implantation using the Edwards Sapien prosthesis: mechanisms and early
postprocedural changes. ] Am Soc Echocardiogr. 2012;25(2):160-5.

Catald P Amat-Santos 1), Carrasco-Moraleja M, Aparisi A, Cortés C, San
Roman JA. The Multivalvular score for predicting the outcome of mitral

Arq Bras Cardiol. 2021; 116(6):1059-1069

28.

29.

30.

31.

32.

33.

34.

35.

regurgitation in aortic stenosis patients treated with TAVI: prospective
validation. Rev Esp Cardiol. 2019;72(9):781-3.

Giordana F, Capriolo M, Frea S, Marra WG, Giorgi M, Bergamasco L, etal.
Impact of TAVI on mitral regurgitation: a prospective echocardiographic
study. Echocardiography. 2013;30(3):250-7.

Fojt R, Motovska Z, Budera P, Maly M, Straka Z. Prognostic impact
and change of concomitant mitral regurgitation after surgical or
transcatheter aortic valve replacement for aortic stenosis. J Cardiol.
2016;67(6):526-30.

Tzikas A, Piazza N, Dalen BM, Schultz C, Geleijnse ML, Geuns R,
etal. Changes in mitral regurgitation after transcatheter aortic valve
implantation. Catheter Cardiovasc Interv. 2010;75(1):43-9.

Tayyareci Y, Dworakowski R, Kogoj P, Reiken J, Kenny C, MacCarthy P,
etal. Impact of mitral geometry and global afterload on improvement of
mitral regurgitation after trans-catheter aortic valve implantation. Echo
Res Pract. 2016;3(3):71-8.

Akodad M, Meilhac A, Lefevre T, Cayla G, Lattuca B, Autissier C, et
al. Hemodynamic performances and clinical outcomes in patients
undergoing valve-in-valve versus native transcatheter aortic valve
implantation. Am J Cardiol. 2019;124(1):90-7.

Hawkins R, Ailawadi G. Invited commentary about coexisting
mitral regurgitation impairs survival after transcatheter aortic valve
implantation. Ann Thorac Surg. 2015;100(6):2276-7.

Costantino MF, Dores E, Innelli P Matera A, Santillo V, Violini R, et al. The
beneficial effects of TAVI in mitral insufficiency. Cardiovasc Ultrasound.
2015 Dec 30;13:49-56.

Okada A, Kanzaki H, Amaki M, Kataoka Y, Miyamoto K, Hamatani
Y, et al. Successful treatment of mitral regurgitation after transapical
Transcatheter Aortic Valve Implantation by percutaneous edge-to-edge
mitral valve repair (MitraClip)- The first combination therapy performed
in Japan. Intern Med. 2018;57(8):1105-9.

*Supplemental Materials

For additional information, please click here.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sannino A%5BAuthor%5D&cauthor=true&cauthor_uid=25092192
https://www.ncbi.nlm.nih.gov/pubmed/?term=Losi MA%5BAuthor%5D&cauthor=true&cauthor_uid=25092192
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schiattarella GG%5BAuthor%5D&cauthor=true&cauthor_uid=25092192
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bedogni F%5BAuthor%5D&cauthor=true&cauthor_uid=24088530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Latib A%5BAuthor%5D&cauthor=true&cauthor_uid=24088530
https://www.ncbi.nlm.nih.gov/pubmed/?term=De Marco F%5BAuthor%5D&cauthor=true&cauthor_uid=24088530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zahn R%5BAuthor%5D&cauthor=true&cauthor_uid=28684438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Werner N%5BAuthor%5D&cauthor=true&cauthor_uid=28684438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerckens U%5BAuthor%5D&cauthor=true&cauthor_uid=28684438
https://www.ncbi.nlm.nih.gov/pubmed/28684438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boerlage-van Dijk K%5BAuthor%5D&cauthor=true&cauthor_uid=26655549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiegerinck EM%5BAuthor%5D&cauthor=true&cauthor_uid=26655549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takama T%5BAuthor%5D&cauthor=true&cauthor_uid=26655549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boerlage-van+Dijk+K%2CWiegerinck+EM%2C+Takama+T+et+al.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khawaja MZ%5BAuthor%5D&cauthor=true&cauthor_uid=25155800
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams R%5BAuthor%5D&cauthor=true&cauthor_uid=25155800
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hung J%5BAuthor%5D&cauthor=true&cauthor_uid=25155800
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hekimian G%5BAuthor%5D&cauthor=true&cauthor_uid=22071307
https://www.ncbi.nlm.nih.gov/pubmed/?term=Detaint D%5BAuthor%5D&cauthor=true&cauthor_uid=22071307
https://www.ncbi.nlm.nih.gov/pubmed/?term=Messika-Zeitoun D%5BAuthor%5D&cauthor=true&cauthor_uid=22071307
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giordana F%5BAuthor%5D&cauthor=true&cauthor_uid=23190425
https://www.ncbi.nlm.nih.gov/pubmed/?term=Capriolo M%5BAuthor%5D&cauthor=true&cauthor_uid=23190425
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frea S%5BAuthor%5D&cauthor=true&cauthor_uid=23190425
https://www.ncbi.nlm.nih.gov/pubmed/?term=echocardiography+2013%3B+30%3A250-257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fojt R%5BAuthor%5D&cauthor=true&cauthor_uid=26972342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mo%C5%A5ovsk%C3%A1 Z%5BAuthor%5D&cauthor=true&cauthor_uid=26972342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Budera P%5BAuthor%5D&cauthor=true&cauthor_uid=26972342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mal%C3%BD M%5BAuthor%5D&cauthor=true&cauthor_uid=26972342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Straka Z%5BAuthor%5D&cauthor=true&cauthor_uid=26972342
https://www.ncbi.nlm.nih.gov/pubmed/?term=j+cardiol+2016+67+(6)%3A+526-30
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tzikas A%5BAuthor%5D&cauthor=true&cauthor_uid=19739261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piazza N%5BAuthor%5D&cauthor=true&cauthor_uid=19739261
https://www.ncbi.nlm.nih.gov/pubmed/?term=catheterization+and+cardiovascular+interventions+75%3A+43-49+(2010)
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tayyareci Y%5BAuthor%5D&cauthor=true&cauthor_uid=27457965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dworakowski R%5BAuthor%5D&cauthor=true&cauthor_uid=27457965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kogoj P%5BAuthor%5D&cauthor=true&cauthor_uid=27457965
https://www.ncbi.nlm.nih.gov/pubmed/?term=echo+research+and+practice+2016+impact+of+mitral+geometry
https://www.ncbi.nlm.nih.gov/pubmed/?term=echo+research+and+practice+2016+impact+of+mitral+geometry
http://abccardiol.org/supplementary-material/2021/11604/2019-0772_Appendix.pdf


Cunha et al.
Mitral Regurgitation and TAVI

Original Article

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2021; 116(6):1059-1069 1069



