
Characteristics of aFMR are normal left ventricular 
function, normal mitral leaflet motion, a more central 
regurgitation jet, and severe LA dilata-tion. In 
ventricular secondary mitral regurgitation (vFMR) 
systolic left ventricular dysfunction and restricted 
leaflet motion are pathogenetic. In contrast to vFMR 
little is known about the therapeutic options in aFMR 
(1). Mitral valve repair via the coronary sinus is 1 
option for the treatment of vFMR. The Carillon-
Mitral-Contour-System (Cardiac Dimensions, 
Kirkland, Washington) has demonstrated a reduction 
in vFMR and improved clinical symptoms (2,3). 
Currently no clinical data about Carillon device 
implantation in aFMR are available, so we aimed to 
analyze our first results of mitral annuloplasty in 
aFMR and compare them with the outcomes of 
patients with vFMR.

A written consent was obtained by every patient. 
Because we performed a retrospective analysis of our 

patient database no ethical approval according 
to local regulations was required. 

Patients with symptomatic heart failure with reduced 
ejection fraction (left ventricular ejection fraction 
[LVEF] <50%) or HFpEF (LVEF >50%) suffering at 
least from moderate FMR were eligible for 
annuloplasty with the Carillon-Mitral-Contour-System 
(Cardiac Dimensions). aFMR was defined according to 
the following parameters: 1) at least moderate MR 
(FMR $2þ); 2) LVEF $50% 3) left ventricular end-

diastolic diameter #55 mm; and 4) HFpEF (N-terminal 
pro–B-type natriuretic peptide $125 pg/ml, LA 
dilatation $34 ml/m2, and  echocardiographic signs 
of diastolic dysfunction [e.g., E/e’ $13]).

For statistical analysis all variables were tested for 
normal distribution (Kolmogorov-Smirnov test). The 
results are given as mean � SD. Differences between 

groups were evaluated by 1-way analysis of variance 
with Scheffe post hoc testing. A p value < 0.05 was 
considered as statistically significant.

This retrospective study comprises 57 consecutive 
patients undergoing coronary sinus–based indirect 
mitral valve repair. Fifteen patients were classified to

FIGURE 1 Percutaneous Coronary Sinus–Based Mitral Valve Repair in aFMR and vFMR

(A) Echocardiographic assessment, (B) functional mitral regurgitation classification, (C) New York Heart Association classification, and (D) mitral annulus diameter at

baseline, post-implantation, 3 months, and for New York Heart Association classification also 12 months in atrial functional and ventricular secondary mitral regur-

gitation. Mean � SD. *Versus vFMR baseline, p < 0.05. #Versus aFMR baseline, p < 0.05. aFMR ¼ atrial functional mitral regurgitation; EROA ¼ effective regurgitant

orifice area; FU ¼ follow-up; NYHA ¼ New York Heart Association; vFMR ¼ ventricular secondary mitral regurgitation.
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Percutaneous Coronary Sinus–Based Mitral ValveAnnuloplasty in Atrial Functional

Mitral Regurgitation

Atrial functional mitral regurgitation (aFMR) is associated with left atrial (LA) and mitral annular dilatation most 
often caused by atrial fibrillation or heart failure with preserved ejection fraction (HFpEF).
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the aFMR and 42 to the vFMR group. In our patient
cohort the mean age accounts for 76.9 � 1.6 years in
aFMR and 75.6 � 1.4 years in vFMR. The majority of
patients with aFMR were female (n ¼ 5; 66.7%),
whereas patients with vFMR were predominantly
male (n ¼ 32; 76.2%; p ¼ 0.002). LVEF was normal in
aFMR (60.8 � 2.1%) and reduced in vFMR (30.1 � 1.4%;
p < 0.001). Furthermore, left ventricular end-diastolic
diameter was 47.0 � 1.3 mm in aFMR and elevated in
vFMR (59.0� 1.1 mm; p< 0.001). The LA was markedly
dilated in aFMR in comparison with vFMR (aFMR, 69.3
� 5.2; vFMR, 51.3 � 3.2 ml/m2; p ¼ 0.004).

Echocardiographic assessment following mitral
annuloplasty showed a comparable reduction in vena
contracta, effective regurgitant orifice area, and
regurgitant volume in aFMR and vFMR patients
(Figure 1A). Furthermore, improved mitral
regurgitation classification post-implantation and at
3-months follow-up was found in aFMR and vFMR
(Figure 1B). After 3 months the number of patients
with New York Heart Association functional class III
decreased from 71.4% to 38.9% in aFMR and from
66.7% to 33.3% in vFMR, which remained stable
after 12 months (Figure 1C). In both aFMR and vFMR,
mitral annulus diameter was reduced to the same
extent at 3-months follow-up (Figure 1D).

We analyzed for the first time the results of
Carillon device implantation in aFMR compared with
vFMR. Both groups showed a similar reduction of
echocardiographic parameters and New York Heart
Association functional class post-implantation. Other
techniques, such as edge-to-edge repair or Cardio-
band, could also be potential effective therapies of
aFMR. To date no prospective clinical trials have been
published using these therapeutic options in aFMR. A
reduced all-cause mortality following MitraClip im-
plantation encourages to investigate this technique in
aFMR (4). Of note, because of different therapeutic
effects our results are not transferable to other
mitral valve interventions. Therefore, future clinical

trials of transcatheter mitral valve repair addressing
aFMR are warranted.

This study is a retrospective, single-center study
with a limited number of patients. The results
should be regarded as hypothesis generating. In
conclusion, indirect mitral valve annuloplasty using
the Carillon device is feasible in HFpEF patients
with aFMR.
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