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The present study aims to assess the clinical and hemodynamic impact of percutaneous
edge-to-edge mitral valve repair with MitraClip in patients with atrial functional mitral
regurgitation (A-FMR) compared with ventricular functional mitral regurgitation (V-
FMR). Mitral regurgitation (MR) grade, functional status (New York Heart Association
class), and major adverse cardiac events (MACE; all-cause mortality or hospitalization for
heart failure) were evaluated in 52 patients with A-FMR and in 307 patients with V-FMR.
In 56 patients, hemodynamic assessment during exercise echocardiography was performed
before and 6 months after intervention. MR reduction after MitraClip implantation was
noninferior in A-FMR compared with V-FMR (MR grade ≤2 at 6 months in 94% vs 82%,
respectively, p <0.001 for noninferiority) and was associated with improvement of func-
tional status (New York Heart Association class ≤2 at 6 months in 90% vs 80%, respec-
tively, p = 0.2). Hemodynamic assessment revealed that cardiac output at 6 months was
higher in A-FMR at rest (5.1 § 1.5 L/min vs 3.8 § 1.5 L/min, p = 0.002) and during peak
exercise (7.9 § 2.4 L/min vs 6.1 § 2.1 L/min, p = 0.02). In addition, the reduction in systolic
pulmonary artery pressure at rest was more pronounced in A-FMR: D SPAP �13.1 §
15.1 mmHg versus�2.2§ 13.3 mmHg (p = 0.03). MACE rate at follow-up was significantly
lower in A-FMR versus V-FMR, with an adjusted odds ratio of 0.46 (95% confidence inter-
val 0.24 to 0.88), which was caused by a reduction in hospitalization for heart failure. In con-
clusion, percutaneous edge-to-edge mitral valve repair with MitraClip is at least as effective
in A-FMR as in V-FMR in reducing MR. However, the hemodynamic improvement and
reduction of MACE were significantly better in A-FMR. © 2021 Elsevier Inc. All rights
reserved. (Am J Cardiol 2021;161:70−75)
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Functional mitral regurgitation (FMR) is classically
defined as mitral regurgitation (MR) secondary to underly-
ing myocardial dysfunction.1 Recently, a new etiology of
FMR has been described in patients with a dilated left
atrium or mitral annulus without obvious left ventricular
(LV) systolic dysfunction, typically in the context of atrial
fibrillation and/or heart failure (HF) with a preserved LV
ejection fraction (LVEF).2-4 This novel type of FMR has
been recently recognized as atrial FMR (A-FMR) and is
clearly distinct from classical ventricular FMR (V-FMR).
Percutaneous edge-to-edge mitral valve repair by means
of MitraClip has emerged as a promising treatment for
symptomatic HF with reduced LVEF and severe FMR
despite optimal HF treatment.5-8 Reduction of MR has
been shown to improve hemodynamics by reducing vol-
ume overload and by increasing forward stroke volume
with improvement of functional status and prognosis.9,10

However, outcome data of mitral valve intervention in A-
FMR are limited. Surgical mitral annuloplasty has been
reported in a small case series.11,12 Recently, Nagaura et
al13 reported the first experience with MitraClip therapy in
38 patients with A-FMR and found similar acute MR
reduction compared with 49 patients with V-FMR.13

Whether this success was sustainable over time and
whether it has a similar symptomatic and prognostic
impact is currently unknown. Accordingly, this multicen-
ter prospective observational study was designed to assess
the clinical and hemodynamic impacts of edge-to-edge
repair with MitraClip in patients with A-FMR compared
with V-FMR. We hypothesized that the reduction in MR
would be comparable between the 2 groups, but
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considering the different underlying mechanisms of FMR,
the hemodynamic and clinical impacts would be different.
Methods

We included 359 consecutive patients with symptomatic
severe FMR referred for percutaneous mitral valve repair
with MitraClip at 7 Belgian centers from 2011 to 2019.
The clinical characteristics of the patients were extracted
from the Belgian MitraClip database, which prospectively
gathers information on all MitraClip procedures in Bel-
gium. At the time of the evaluation, 555 patients with
MitraClip were included in the database. A total of 196
patients were excluded because of degenerative or mixed
valve disease. In the 359 patients with FMR, 52 patients
(14%) had preserved LV function (LVEF ≥50%) with
enlarged left atrium and were considered to have A-FMR,
whereas the other 307 patients (86%) were considered to
have V-FMR. The ethical committee of the Antwerp Uni-
versity Hospital approved the study protocol, and all
patients provided written informed consent. The database is
registered with ClinicalTrials.gov (NCT02506387).

All MitraClip procedures were performed under general
anesthesia using transesophageal echocardiography and
fluoroscopic guidance. A comprehensive description of the
procedure has been previously described.14,15 Procedural
success was defined as a noncomplicated implantation of
≥1 clip together with a postprocedural (predischarge) esti-
mated MR reduction to ≤grade 2. Device failure was
defined as partial or complete detachment of the clip or any
other technical issue precluding appropriate placement of
the clip.

All patients underwent echocardiography by experi-
enced operators using commercially available ultrasonogra-
phy systems. MR severity was assessed before and 3, 6, and
12 months after MitraClip implantation and was graded
according to the American Society of Echocardiography
guidelines based on a validated multi-integrative method.16

Both qualitative (color flow mapping) and quantitative
measurements (proximal isovelocity surface area whenever
feasible) were used to grade the MR severity from grade 0
to grade 4 (grade 0 = no/trace; grade 1 = mild; grade
2 =moderate; grade 3 =moderate to severe; grade 4=
severe). The primary efficacy end point was the proportion
of patients with MR grade ≤2 at 6 months.

LVEF was quantified by the modified Simpson’s method
in the apical 4- and 2-chamber view or by visual estimation
in case of poor image quality. A-FMR was defined as FMR
in the presence of LVEF ≥50% and left anterior volume
index (LAVI) >34 ml/m2 (or anterior-posterior left anterior
dimension index >23 cm/m2).2

In a subgroup of 56 patients (10 A-FMR and 46 V-
FMR), hemodynamic assessment was performed before
and 6 months after MitraClip implantation during symp-
tom-limited exercise echocardiography. A protocol of
20 W with 10-W increments per minute was chosen for
exercise testing, and acquisitions were made using a cardio-
vascular ultrasound system (Vivid 7 or Vivid E9, GE
Healthcare or iE33). Peak exercise was defined as the high-
est workload (Watt) achieved. The echocardiographic data
were analyzed offline (EchoPAC, version 112, GE Medical
Systems, Horten, Norway). All measurements were aver-
aged over 3 cardiac cycles for patients in sinus rhythm and
5 cycles for patients with atrial fibrillation. Cardiac output
(CO) was derived from the product of forward stroke
volume, measured in the LV outflow tract and the heart
rate. Systolic pulmonary artery pressure (SPAP) was calcu-
lated as the sum of the maximal transtricuspid pressure
gradient and an estimate of the right atrial pressure based
on the inferior caval vein dimension and collapsibility, as
recommended.17 Chemla formula was used to calculate
mean pulmonary arterial pressure.18 Abnormal pulmonary
vascular reserve was defined as mean pulmonary arterial
pressure/CO slope >3 mm Hg/L/min by exercise echocardi-
ography.19 End-systolic left atrial volumes adjusted for
body surface area were calculated offline by a single expert.

Clinical assessment was performed before, and 3 and
6 months, and yearly after the intervention. Functional eval-
uation was performed using the New York Heart Associa-
tion (NYHA) classification and a 6-minute walk test.
Results of a 6-minute walk test were available in 174
patients at baseline and 91 patients at follow-up (12 A-
FMR and 79 V-FMR).

The clinical efficacy end point was freedom from major
adverse cardiac events (MACE), defined as a combined end
point of all-cause mortality and hospitalization for heart
failure.

The safety end point at 30 days was freedom from major
adverse events, defined as a composite of death, myocardial
infarction, early (30 days) cardiac surgery, severe bleeding
(VARC >2 including pericardial effusion) and stroke. All
end points were assessed on an intention-to-treat basis and
were obtained from patient records or from telephone calls
with the patient.

Sample size was calculated based on noninferiority of A-
FMR compared with V-FMR of the primary efficacy end
point (MR grade ≤2 at 6 months). With an estimated pri-
mary end point rate of 80% in both groups, a noninferiority
margin of 15% and an expected proportion of 15% A-FMR,
a sample size of 347 patients with FMR was calculated to
prove noninferiority with a type I error of 0.05 and a type II
error of 0.20. Continuous variables are presented as mean
(SD) or median (with range), where appropriate. Categori-
cal variables are presented as counts and percentages. Char-
acteristics were compared between A-FMR and V-FMR
using chi-square tests for categorical variables and t test or
Mann-Whitney U test for continuous variables. Noninfer-
iority of the proportion of patients with MR grade ≤2 at 6
months in the A-FMR group compared with the V-FMR
group was shown in a one-sided z-test with noninferiority
margin of 15%. Comparisons of pre- and post-MitraClip
parameters (NYHA class, MR grade, hemodynamics) for
the different study subgroups were performed using analy-
sis of variance for repeated measurements. Cumulative
event-free survival estimates were plotted using the
Kaplan-Meier technique. The Cox proportional hazards
model was applied to identify independent predictors of
MACE. The following baseline factors were included in the
model: age, gender, arterial hypertension, diabetes, periph-
eral vascular disease, EuroSCORE 2, renal failure (defined
as glomerular filtration rate <60 ml/min/1.73 m2), baseline

http://clinicaltrials.gov/
ctgov:NCT02506387


Table 2

Periprocedural complications

Variable A-FMR, n = 52 V-FMR, n = 307 p Value

Device failure 1.9% 3.7% 0.5

Early cardiac surgery 0% 1.5% 0.5

Myocardial infarction 0% 0.7% 0.5

Bleeding (VARC >2) 3.8% 3.3% 0.8

Stroke 1.9% 3.0% 0.6

30-d mortality 0% 3.30% 0.19
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NYHA functional classification, etiology of FMR (atrial vs
ventricular), and unsuccessful procedure (predischarge MR
grade >2). Baseline LVEF was not included as a separate
factor because it was used in the definition of A-FRM and
was also incorporated in the EuroSCORE 2 calculation. A
two-tailed p value <0.05 was considered statistically signif-
icant. Statistical analyses were performed using MedCalc
for Windows, version 15.0 (MedCalc Software, Ostend,
Belgium).
A-FMR = atrial functional mitral regurgitation; VARC =Valve Aca-

demic Research Consortium 2; V-FMR = ventricular functional mitral

regurgitation.
Results

Clinical and echocardiographic characteristics of 52
patients with A-FMR and 307 patients with V-FMR are
listed in Table 1. Patients with A-FMR were older, more
frequently female, and less likely to have impaired renal
function. Along with preserved LV function, the LV dimen-
sions were smaller in patients with A-FMR. However, the
left atrium size was similar between the 2 groups.
Table 1

Baseline characteristics

Characteristics A-FMR

(n = 52)

V-FMR

(n = 307)

p Value

Age (years) 79 § 8 72 § 10 <0.001
Women 28 (54%) 86 (28%) 0.0002

BMI (kg/m2) 25 § 5 26 § 4 0.4

Atrial fibrillation 32 (62%) 151 (49%) 0.1

eGFR (ml/min/1.73 m2) 50 § 21 43 § 21 0.04

eGFR <60 ml/min/1.73 m2 28 (54%) 239 (78%) 0.0003

Arterial hypertension 41 (79%) 209 (70%) 0.16

Diabetes mellitus 11 (21%) 81 (26%) 0.4

Previous MI 15 (30%) 186 (62%) 0.0001

EuroSCORE 2 8 § 10 13 § 12 0.002

Functional capacity

NYHA Class 2/3/4 (%) 14/71/15 13/65/22 0.5

6-minute walk test, meter 296 § 88 303 § 118 0.8

NT pro-BNP, mg/L (n=219)

Number of HF hospitalization

during 1 y before MitraClip, n

2,425 § 2,612

0.8 § 0.8

5,769 § 6,014

1.8 § 3.6

0.008

0.06

Medication

b-blockers 39 (78%) 247 (82%) 0.5

RAS inhibition 28 (56%) 190 (64%) 0.3

Aldosterone antagonist 19 (37%) 142 (47%) 0.2

Diuretics 39 (75%) 269 (89%) 0.007

Echocardiographic findings

LVEF (%) 59 § 7 31 § 8 <0.001
MR grade 3/4 (%)

TR grade >2 (n = 202)

40/56

8 (27%)

43/56

47 (26%)

0.6

0.7

LV EDDi (mm/m2) 30 § 4 35 § 5 <0.001
LAVi (ml/m2) 72 § 33 72 § 21 0.9

LADi (mm/m2) 28 § 4 27 § 5 0.6

SPAP (mm Hg) 48 § 19 50 § 17 0.4

Continuous data are presented as means § standard deviation. Categori-

cal data are presented as percentages.

BMI = body mass index; DM = diabetes mellitus; eGFR = estimated glo-

merular filtration rate; LADi = left atrium dimension index; LAVi = left

atrium volume index; LV EDDi = left ventricular end-diastolic diameter

index; LVEF = left ventricular ejection fraction; MI = myocardial infarc-

tion; MR =mitral regurgitation; NYHA =New York Heart Association;

RAS = renin-angiotensin system; SPAP = systolic pulmonary artery pres-

sure; V-FMR = ventricular functional mitral regurgitation.
The MR severity and functional status (NYHA classifi-
cation and 6-minute walk test) were similar between the 2
groups. In contrast, the N-terminal pro B-type natriuretic
peptide levels and the number of HF hospitalizations in the
year preceding the intervention were lower in the A-FMR
group.

The MitraClip procedure reduced MR successfully in
92% of the patients with A-FMR and V-FMR (p = 0.9). The
number of clips implanted per patient was similar in both
groups. Although the average predischarge mean transmi-
tral gradient was higher in A-FMR, the presence of a mean
transmitral gradient ≥7 mm Hg was comparable in both
groups (7.1% vs 6.5%, p = 0.9). Device failure was
observed in 1 patient with A-FMR (1.9%) and in 11 patients
with V-FMR (3.7%) (p = 0.5). Other periprocedural compli-
cations did not differ significantly between both groups
(Table 2).

Six months after MitraClip implantation, an MR grade
≤2 was observed in 94% of the A-FMR group and in 82%
of the V-FMR group (p for noninferiority <0.001; p for
superiority = 0.08). MR reduction was sustained during fol-
low-up in both groups, as demonstrated in Figure 1.

Functional capacity improved similarly in both study
groups, with a sustained reduction in NYHA class over
time (Figure 2). At 6 months, 90% of patients with A-FMR
were in NYHA class 1 to 2 compared with 80% for V-FMR
(p = 0.2). Similarly, the 6-minute walk test increased by
50.2 § 77 m for A-FMR versus 25.9§107 m for V-FMR
(p = 0.4).
Figure 1. Clinical and hemodynamic effects of MitraClip treatment in A-

FMR versus V-FMR.

www.ajconline.org


Figure 2. NYHA class before and after MitraClip treatment. Data plot

showing the evolution of the NYHA classification at baseline and after

intervention. Data are expressed as means § SEM. mo =months; y = year.

Figure 3. Heart failure hospitalization before and after MitraClip implan-

tation. Data plot showing the number of hospitalizations for HF in the year

before and after intervention. Data are expressed as means § SEM.

Table 3

Predictors of MACE

Odds ratio 95% CI p Value

Age 0.99 0.97−1.01 0.6

Male 1.07 0.75−1.53 0.7

Arterial hypertension 0.75 0.50−1.12 0.16

Diabetes 0.98 0.67−1.45 0.9

Renal failure 1.16 0.76−1.78 0.5

PVD 0.87 0.57−1.34 0.5

EuroSCORE 2 1.01 0.99−1.02 0.16

NYHA Class 4 1.9 1.33−2.80 0.0005

A-FMR 0.46 0.24−0.88 0.02

Unsuccessful procedure 1.85 1.09−3.13 0.02

A-FMR = atrial functional mitral regurgitation; CI = confidence interval;

NYHA, New York Heart Association; PVD = peripheral vascular disease.
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Comparing the year before and after intervention, the
number of hospitalizations for HF decreased with 95% in
A-FMR versus 87% in V-FMR (p = 0.15, Figure 3).

Finally, during a follow-up period of 1.25 § 1.16 years,
MACE occurred in 161 patients (112 died and 97 were
rehospitalized for heart failure). The MACE rate was signif-
icantly lower in A-FMR versus V-FMR (adjusted odds ratio
[OR] 0.46, 95% confidence interval [CI] 0.24 to 0.88). This
improved outcome was mainly caused by a lower rate of
HF hospitalizations (adjusted OR 0.38, 95% CI 0.16 to
0.90), whereas all-cause mortality did not differ signifi-
cantly (adjusted OR 0.8, 95% CI 0.4 to 1.67). MACE rate at
1 year was 15% in A-FMR versus 32% in V-FMR, with 1-
year mortality rate of 10% and 13%, respectively. Beyond
FMR etiology, NYHA class 4 before intervention and the
success of the procedure were the other independent predic-
tors of outcome (Table 3).

The hemodynamic impact of MitraClip intervention on
CO and SPAP at rest and during peak exercise was assessed
in a subgroup of 56 patients (10 A-FMR and 46 V-FMR).
The baseline characteristics of these study subgroups were
in line with those of the global study group (see Supplemen-
tary Table 1 in the online supplement). The main findings
are presented in Figure 1. Over a period of 6 months after
MitraClip, CO increased and SPAP decreased in both
groups (p values <0.01). Additional analysis revealed that
CO at 6 months remained significantly higher in patients
with A-FMR, both at rest (5.1 § 1.5 L/min vs 3.8 §
1.5 L/min, p = 0.002) and during peak exercise (7.9 §
2.4 L/min vs 6.1 § 2.1 L/min, p = 0.02). The differences in
CO between both groups were mainly caused by a higher
forward stroke volume in A-FMR (see Supplementary
Table 2 in the online supplement). In addition, the reduction
in SPAP was more pronounced in A-FMR with a D SPAP at
rest of �13.1 § 15.1 mm Hg versus −2.2 § 13.3 mm Hg
(p = 0.03). The postintervention systolic pulmonary and
systemic pressure at peak exercise were higher in A-FMR
than in V-FMR. Postintervention, an abnormal pulmonary
vascular reserve was observed in 63% of A-FMR versus
65% in V-FMR (p = 0.9).
Discussion

To our knowledge, the present study is the first to docu-
ment both clinical and hemodynamic benefits of percutane-
ous edge-to-edge mitral valve repair in A-FMR. MitraClip
implantation resulted in a similar acute and sustained MR
reduction in A-FMR compared with V-FMR. However, the
procedure had a different impact on hemodynamics with a
more pronounced decrease of pulmonary pressures and
increased gain in CO in A-FMR. These findings may
explain the more favorable postintervention clinical out-
come noted in patients with A-FMR with particularly fewer
hospitalizations for HF.

Significant (moderate or severe) A-FMR in the setting of
atrial fibrillation or heart failure with preserved ejection
fraction is not uncommon, with reported prevalence up to
40%.4,20 The underlying mechanism of A-FMR is complex
and relates to mitral annulus dilatation secondary to atrial
remodeling, leaflet area reduction available for coaptation,
and to tethering of the posterior leaflet by increasing the
annulopapillary muscle distance.2,21 As these mechanisms
often coincide with V-FMR because of concomitant atrial
remodeling (e.g., the atrial size was identical in both study
groups), it was expected that the technical success of percu-
taneous edge-to-edge mitral valve repair would be similar
in A-FMR compared with V-FMR.
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Reduction of MR has been shown to improve hemody-
namics by reducing volume overload, by reducing atrial
and pulmonary filling pressures, and by increasing forward
stroke volume with subsequent improvement of the func-
tional status and prognosis.9 Post hoc analysis of the
COAPT trial demonstrated that a reduction in systolic pul-
monary arterial pressure after the intervention was a strong
independent predictor of improved long-term clinical out-
comes.22 In our hemodynamic study, we demonstrated that
the reduction in SPAP was more pronounced in A-FMR
than in V-FMR, which is probably a primary reason for the
improved prognosis in A-FMR.

In addition, we observed a higher CO in patients with A-
FMR both at rest and during peak exercise, which may also
explain the better clinical outcome.

The observed favorable hemodynamics in A-FMR are
most likely related to the preserved LV systolic function. In
addition, preserved LV systolic function and LV dimen-
sions prevent the development of afterload mismatch and
LV adverse remodeling postintervention. Both maladaptive
processes have been observed in patients with advanced
cardiac dysfunction and have been linked to poor clinical
outcomes after MitraClip implantation.23−25 From that per-
spective, A-FMR resembles degenerative MR, a condition
that is also associated with preserved LV function and good
postintervention clinical outcomes.

Interestingly, we observed postintervention a signifi-
cantly higher SPAP during peak exercise in A-FMR than
in V-FMR. Higher vascular resistance due to high atrial
filling pressure in the context of residual MR and/or dia-
stolic dysfunction may play a role in exercise-induced pul-
monary hypertension.19 Indeed, the steep CO/SPAP slope
postintervention, which is a marker of vascular pulmonary
reserve, feeds the paradigm that heart failure with preserved
ejection fraction is predominantly present in patients with
A-FMR.

The results of this study should be considered in the con-
text of the following limitations. In this observational study,
no control group was available to assess the effect of medi-
cal treatment on hemodynamics and clinical outcomes;
however, we documented the effect of the intervention by
comparing functional status and hospitalizations for HF
before and after the intervention. In addition, the selection
criteria for MitraClip implantation included the presence of
symptoms refractory to optimal medical therapy. No exter-
nal audit of data quality was performed in this national
database. The steering committee of this national database
organized regular meetings with the local investigators to
ensure high quality of the data input, and we may assume
that data quality is similar for A-FMR and V-FMR. The
number of patients with A-FMR (particularly of the hemo-
dynamic substudy) was limited and some parameters such
as 6-minute walk test and Tricuspid regurgitation grade
grade were incomplete precluding to make firm conclusions
on these parameters.

In conclusion, percutaneous edge-to-edge mitral
valve repair with MitraClip is able to reduce MR effec-
tively in patients with A-FMR and seems to confer
more clinical and hemodynamic benefits than in V-
FMR, most likely related to the preserved LV function
in A-FMR.
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