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Abstract

Aims Functional mitral regurgitation (MR) (FMR) is common in heart failure with reduced ejection fraction and worsens mor-
bidity and mortality, even when mild. The CARILLON® mitral contour system (Cardiac Dimensions, Kirkland, WA, USA), a mitral
annuloplasty device delivered percutaneously to the coronary sinus, is designed to reduce the mitral annular dimension by vir-
tue of the close anatomic relationship between the coronary sinus and the posterior mitral annulus. We performed a compre-
hensive individual patient data meta-analysis of all studies that used CARILLON® device vs. control that have measured mitral
regurgitation severity, left ventricular (LV) remodelling, functional status, and heart failure-related outcomes in heart failure
with reduced ejection fraction patients.
Methods and results The Cochrane Central Register of Controlled Trials, MEDLINE, and EMBASE were searched in July 2020.
Primary outcomes of interest were measures of MR severity, LV remodelling, New York Heart Association functional class and
heart failure-related outcomes [mortality and heart failure hospitalization (HFH) during follow up]. All data were received as indi-
vidual patient and individual time point data-points.Mean differences and 95%confidence intervals (CIs) were calculated for con-
tinuous data using a fixed-effects model. Three studies (REDUCE FMR, TITAN and TITAN II) enrolling 209 participants were
identified and included. Pooled analysis showed that, compared with control, CARILLON® device significantly improved both
MR volume (mean difference MD -9.20, 95% C.I. �16.11 to �2.29 mL, P = 0.009) and MR grade (MD -1.12, 95% CI �1.36 to
�0.88, P < 0.00001) and this was associated with a significant reduction in LA volume, MD �7.54 mL, 95% CI �14.90 to �
0.18, P = 0.04. Significant LV reverse remodelling was also seen in terms of EDV (MD �16.53, 95% CI �28.61 to �44.4 mL,
P = 0.007), and a trend in ESV (MD �8.68, 95% CI �18.69 to �1.34 mL, P = 0.09) but no significant effect on LVEF (MD 0.88,
95% CI�1.52% to 2.38%, P = 0.47), due presumably to the greater residual MR in the control patients falsely elevating the LVEF.
In addition, theCARILLON®device significantly improvedNewYorkHeart Association functional Class (MD�0.22,95%CI�0.24 to
�0.16, P< 0.00001), associatedwith a lower rate of HFH comparedwith controls (45.3%vs. 64%, respectively, P = 0.04). As a sen-
sitivity analysis we also restricted the analyses to those patients with Class 3+/4+ MR at baseline. In this cohort, the echocardio-
graphic results were similar, and the reduction in HFH rates was even more marked (43.9% vs. 82.9%, respectively, P = 0.04).
Conclusions This comprehensive meta-analysis of individual patient data has shown that CARILLON® device provides
statistically significant and clinically meaningful benefits on MR severity, LA and LV volumes, and remodelling and rates of sub-
sequent heart failure hospitalization
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Introduction

Primary mitral regurgitation (MR) is a valve disorder that
can cause heart failure, and its management in severe

cases can involve valve surgery or percutaneous repair
and even replacement. Functional (or secondary) MR
(FMR) is a separate condition where valve leakage of a
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structurally normal valve occurs secondary to ventricular
enlargement. FMR is common feature in patients with
heart failure with reduced ejection fraction (HFrEF)1,2

Patients with FMR and HFrEF have worse morbidity and
mortality than patients with HFrEF without FMR, even
when the MR is mild.3 Medical therapy still represents
the standard of care for HF patients with FMR, but there
has been a growing interest in non-surgical percutaneous
devices for the management of this condition. Previous
studies have shown that patients with FMR receiving
optimal medical therapy alone have a poor prognosis with
mortality rates as high as 50% at 5 years.4 Despite
satisfactory results in primary MR, surgical approaches used
for the correction of FMR have not been successful in
terms of mortality and HF re-hospitalizations and are often
considered contra-indicated due to the increased surgical
risk conferred by features such as impaired ejection
fraction, advanced age, frailty, high operative risk, and
other comorbidities.5,6 Percutaneous mitral valve repair
using the MitraClip® device (Abbott Vascular, Santa Clara,
CA, USA) has been studied in high-risk FMR patients. When
deployed it creates a double orifice by bringing together
the free edges of the anterior and posterior leaflets.7 In
the randomized Endovascular Valve Edge-to-Edge Repair
Study (EVEREST) II trial,8 trans-catheter mitral-leaflet
approximation with the MitraClip® device was found to be
less effective at reducing the severity of MR compared with
surgery but with similar clinical outcomes, and fewer
adverse events control compared with surgical mitral-valve
repair in patients with primary MR. Subsequently, two trials
were performed comparing trans-catheter mitral-leaflet
approximation with the MitraClip® device to control in
patients with heart failure and secondary (functional)
MR. These two studies presented conflicting results, with
the Mitra-FR trial9 reporting no advantage of MitraClip®
and the COAPT trial10 showing significant clinical as well
as mortality benefits.

More recently, the CARILLON® mitral contour system de-
vice (Kirkland, WA, USA) was developed to treat FMR in
HF patients. The CARILLON® mitral contour system consists
of a mitral annuloplasty device delivered percutaneously to
the coronary sinus and is designed to reduce the mitral
annular dimension by virtue of the close anatomic relation-
ship between the coronary sinus and the posterior mitral
annulus. In 2009, the CARILLON Mitral Annuloplasty Device
European Union Study (AMADEUS),11 a single-arm study
including 30 patients, showed significant improvements in
functional capacity and quality of life with reduced MR over
a 6 month follow-up period. This was followed by three
subsequent clinical trials.12–14 We aimed to conduct a
comprehensive individual patient data meta-analysis of all
studies that have used the CARILLON® mitral contour
system® vs. control.

Methods

Search strategy

The Cochrane Database, MEDLINE, and EMBASE were
searched in July 2020 to identify eligible human studies using
the keyword: (‘CARILLON® mitral contour system®’). No lan-
guage restrictions were applied. Reference lists of retrieved
records were screened for further relevant studies. All review
articles with a subject of ‘CARILLON® mitral contour system®’
and their reference lists were also searched. Clinical trials reg-
isters (http://www.clinicaltrials.gov, http://www.controlled-
trials.com) were searched for ongoing studies. Two authors
selected studies independently (F.G. and A.J.S.C.), and dis-
agreements were resolved by consensus. The results of study
selection are presented in a flow diagram as depicted by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement (Figure 1). All data (as individual
patient data and individual time point data-points) were
received from the trial leaders or the sole sponsor of
CARILLON® mitral contour system®.

Study selection

A total of 44 potentially relevant records were screened, and
three studies were identified.

The TITAN study12 was a prospective, non-randomized,
non-blinded, multi-centre trial. Inclusion criteria were dilated
ischaemic or non-ischaemic cardiomyopathy; at least moder-
ate (2+) FMR; LV ejection fraction (LVEF) <40%; New York
Heart Association (NYHA) Class II–IV; 6 min walk distance
(6MWD) 150–450 m; and stable HF medication regimen for
at least 3 months. Key exclusion criteria were: hospitalization

Figure 1 Study selection presented in a flow diagram as depicted by the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement.
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in the past 30 days for intravenous inotrope infusion; severe
tricuspid regurgitation; serum creatinine >2.2 mg/dL; signifi-
cant organic mitral valve pathology; and the presence of a
pacing lead already in the coronary sinus. Patients in whom
the device was implanted but which were then acutely
recaptured for clinical indications (i.e. transient coronary
compromise or <1 grade FMR reduction) underwent
follow-up assessments identical to the implanted cohort
(baseline, 1, 6, and 12 months) and served as a
non-randomized comparison group. The implanted cohort
underwent further safety and functional assessments up to
24 months. Quantitative measures of FMR, left ventricular
(LV) dimensions and NYHA class were assessed in both
groups up to 12 months. Safety and key functional data
were assessed in the implanted cohort up to 24 months.
Fifty-three patients (36 in the permanent implant popula-
tion and 17 in the device recaptured population) from
seven European centres were included in the trial (Table 1).
In the TITAN trial, the implanted cohort (n = 36)
demonstrated significant reductions in FMR as represented
by regurgitant volume [from 34.5 ± 11.5 mL to
17.4 ± 12.4 mL at 12 months (P < 0.001)] together with
a significant reduction in LV diastolic volume [from
208.5 ± 62.0 mL to 178.9 ± 48.0 mL at 12 months
(P = 0.015)] and systolic volume [from 151.8 ± 57.1 mL to
120.7 ± 43.2 mL at 12 months (P = 0.015)], whereas a
progressive LV dilation was observed among the compara-
tor group. Interestingly, the 6MWD markedly improved
for the implanted patients (102.5 ± 164 m at
12 months (P = 0.014) and 131.9 ± 80 m at 24 months
(P < 0.001).

The TITAN II study13 was a prospective, single-arm, multi-
centre safety study using a modified version of the Carillon
device and undertaken at five centres in Germany, Poland,
and France. The primary endpoint was the rate of major
adverse events at 30 days, defined as: death, myocardial
infarction, cardiac perforation requiring intervention, device
embolization, or the occurrence of surgery or percutaneous
intervention related to the device. Secondary safety
endpoints included mortality and major adverse event
rates up to 12 months. Secondary efficacy endpoints in-
cluded evaluation of mitral valve competence based on
quantitative echocardiographic parameters and MR grade
changes over 12 months. Data from 36 patients undergoing
the Carillon procedure were analysed. A significant reduc-
tion in FMR and improvements in functional class (83.3%
improved at 6 months and 77.3% at 12 months follow-up
compared with baseline) and 6MWTD (from 294.1 ± 83 m
at baseline to 381 ± 130 m at 12 months follow up) similar
to previous studies were documented. In addition, the
issues observed in previous studies (i.e. device fractures in
the high strain region of the proximal anchor) were not
reported.

Individual patient data from the TITAN and TITAN II studies
were pooled together. As TITAN II do not have a control
group, we added this as a treatment only arm, compared
for exploratory purposes against the control (recaptured
devices) group of TITAN I, given the similarity of patients
recruited into TITAN and TITAN II. All patients were on
optimal medical therapy.

The REDUCE FMR trial14 was a double-blind, multi-centre,
randomized, proof-of-concept, sham-controlled trial of the

Table 1 Characteristics of the trials included

REDUCE FMR trial TITAN trial TITAN II trial

Treatment (n = 73) Control (n = 47)
Treatment
(n = 36) Control (n = 17)

Treatment
(n = 36)

Gender (Male) (%) 72.4 72.7 75 82 67
Mean age (years) 70.1 ± 9.7 69.1 ± 8.9 62.4 ± 12.7 62.6 ± 13.1 70.6 ± 8.5
Ischemic aetiology (n, %) 59 (67.8) 21 (63.6) 24 (66.7) 10 (58.8) 21 (58)
Diabetes (n, %) 24 (27.6) 12 (36.4) 6 (16.7) 5 (29.4) 11 (31)
NYHA functional class (%)

II 44.8 48.5 — 6 5.6
III 52.9 51.5 63.8 94 88.8
IV 2.3 — 5.5 — 5.6

Atrial fibrillation (n, %) 57 (58.6) 20 (60.6) 12 (33.3) 2 (11.8) 17 (47)
Device (ICD or PPM) (n, %) 43 (49.4) 12 (36.4) 6 (16.7) 2 (11.8) —

6MWT distance (m) 306.4 ± 90.5 292.6 ± 91.5 302 ± 73.6 338 ± 83.4 294.1 ± 83
LVEF (%) 34 ± 9 37 ± 9 29 ± 7 27 ± 8 34 ± 10
LVEDV (mL) 187 ± 65.6 188.6 ± 75.7 208.5 ± 62.0 237.4 ± 96.7 174.4 ± 51.2
LVESV (mL) 127.4 ± 56.1 122.0 ± 59.8 151.7 ± 57.1 177.7 ± 91.9 119.8 ± 39.6
Mitral regurgitant volume (mL/beat) 40.4 ± 23.9 38.1 ± 24.0 34.5 ± 11.5 39.9 ± 13.2 34.4 ± 13.5
Mitral regurgitant grade (%)

1+ 28.7 32.3
2+ 39.1 25.8 19.4 11.8 28
3+ 26.4 35.5 55.6 58.8 61
4+ 5.7 6.5 25.0 29.4 11

6MWT, 6 min walking test; ICD, implantable cardioverter defibrillator; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular
ejection fraction; LVESV, left ventricular end-systolic volume; NYHA, New York Heart Association; PPM, pace-maker.
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Carillon® mitral contour system. The pre-specified primary
endpoint was a comparison of changes in mitral regurgitant
volumes at 1 year compared with baseline, between the
treatment group and the sham control group, as assessed
by the independent, blinded echocardiographic core labora-
tory using quantitative echocardiography. Secondary safety
endpoints were major adverse events, defined as death,
myocardial infarction, device embolization, vessel erosion,
cardiac perforation, need for cardiac surgery or percutane-
ous coronary intervention associated with device failure,
and heart failure hospitalizations. Eligibility screening in-
cluded an age of at least 18 years, symptoms of NYHA func-
tional Class II, III, or IV, an LV ejection fraction (LVEF) of
<50%, an LV end-diastolic diameter more than 55 mm,
and an FMR grade of 2+, 3+, or 4+, despite the use of
stable (≥3 months) guideline-directed medical therapy. In
addition, patients had to have the ability to complete a
6MWD of between 150 and 450 m to confirm exercise
limitation, and establishing a capacity for serial 6 min walk
testing. Key exclusion criteria included percutaneous coro-
nary intervention in the previous 30 days, prior mitral valve
surgery, significant organic mitral valve pathology, severe
mitral annular calcification, and existing or indication for
cardiac resynchronization therapy. In REDUCE FMR trial,
after screening, 120 patients were randomized, 87 to treat-
ment and 33 to sham control (Table 1). In the REDUCE FMR
trial, the investigators reported a statistically significant
reduction in mitral regurgitant volume in the treatment
group compared with the control group (a decrease of
7.1 mL/beat vs. an increase of 3.3 mL/beat, respectively;
P = 0.049). Additionally, there was a significant reduction
in LV volumes in patients receiving the device compared
with controls [LV end-diastolic volume (LVEDV) decrease of
10.4 mL (95% confidence interval [CI] �18.5 to �2.4) vs.
an increase of 6.5 mL (95% CI �5.1 to 18.2); P = 0.03,
and LV end-systolic volume (LVESV) decrease of 6.2 mL
(95% CI �12.8 to 0.4) vs. an increase of 6.1 mL (95% CI
�1.42 to 13.6); P = 0.04].

Additionally, two ongoing trials were identified, but as the
results of these are not available, they have not been consid-
ered further is this meta-analysis.

1 The AFIRE trial—a prospective, multi-centre clinical
trial assessing the effectiveness of the CARILLON®
Mitral Contour System in treating patients with
moderate-to-severe atrial functional MR (aFMR) that is
not yet recruiting; and

2 The CARILLON trial—assessment of the Carillon® Mitral
Contour System® in treating FMR associated with heart
failure, a prospective, multi-centre, randomized, double-
blind trial to assess the safety and efficacy of the
CARILLON® Mitral Contour System® in treating subjects
with FMR associated with heart failure, compared with a
randomized control group, which is medically managed

according to heart failure guidelines (final data collection
date for primary outcome measure expected on 1 October
2022).

Outcome measures

Primary outcomes of interest were the echocardiographic pa-
rameters mitral regurgitant volume and MR grade to assess
the severity of MR, and LV end-diastolic (EDV) and
end-systolic volumes (ESV) to assess LV remodelling. LVEF
was also estimated, even though it is misleading in the pres-
ence of MR, as it gives a false measure of effective LV output,
as blood ejected back into the left atrium is considered as
useful as blood ejected into the ascending aorta which of
course it is not. NYHA class and the rates of mortality and
heart failure hospitalizations (HFH) during follow-up were
also assessed. NYHA class was also assessed as it provides a
simple way of classifying the severity of HF on patient func-
tional capacity. It classifies patients in one of four categories
based on their limitation during physical activity.15

Statistical analysis

Revman 5.3 (Nordic Cochrane Centre, Copenhagen,
Denmarrk) was used to conduct meta-analyses for outcome
measures. Data used were continuous and were reported as
mean and standard deviation. Results were presented as
weighted mean differences for continuous data, along with
the 95% CIs. Comparisons between groups for continuous
variables were made using t tests. A Mantel–Haenzel ran-
dom-effects model was adopted taking into account potential
heterogeneity across studies. The I2 statistic was used to ex-
plore statistical heterogeneity. An Egger plot was produced
to identify sources of publication bias. P values ≤0.05 for
two-sided tests were considered to be statistically significant.

Results

Description of studies

The three studies included in this review included an aggre-
gate of 209 subjects (Table 1). The baseline characteristics
of all patients were similar: the most common aetiology of
HF was ischaemic (about 2/3 of study population), and the
majority of the participants were of males with NYHA Classi-
fications III. All studies were multi-centre studies. With-
drawals and associated reasons were described in each trial
and there was no evidence of selective outcome reporting.

Pooled analysis showed that, compared with control, the
CARILLON® mitral contour system significantly improved mi-
tral regurgitant volume (MD �9.20, 95% C.I. �16.11 to
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�2.29 mL, P = 0.009), MR grade (MD �1.12, 95% CI �1.36 to
�0.88, P < 0.00001), LA volume (MD �7.54 mL, 95% CI
�14.90 to � 0.18, P = 0.04) and NYHA functional class (MD
�0.22, 95% CI �0.24 to �0.16, P < 0.00001), (Figure 2C–E).
In addition, EDV [mean difference (MD) �16.53, 95% CI
�28.61 to �44.4 mL, P = 0.007] (Figure 2A) was reduced,
showing beneficial LV remodelling with a trend to a reduction
in ESV (MD�8.68, 95% CI�18.69 to�1.34mL, P = 0.09) (Fig-
ure 2B). This smaller effect on ESV compared with EDV proba-
bly reflects the fact that treated patients had smaller degrees
of MR, and therefore, the LV was no longer emptying as much
into the left atrium. This was consistent with the fact that
there was no significant effect on LVEF (MD 0.88, 95% CI
�1.52% to 2.38%, P = 0.47). In addition implanted HF patients
showed lower rates of HF-related hospitalization compared
with controls (45.3% vs. 64%, respectively, P = 0.04) (Figure
3), but there was no difference in mortality. The prevalence
of NYHA class at baseline in each of the trials is presented in
Table 1. Post-procedure NYHA class improved by at least 1
point score in 58/105 patients (55.2%) whereas deterioration
was observed in 8/105 patients (7.6%). In patients with base-
line NYHA III/IV nearly 70% improved by at least one class
(69.9%; 51/73) change text in figure below from red to black

Sensitivity analysis

Because of an imbalance in the severity of MR in patients ran-
domized to Carillon vs. control, seen only in REDUCE FMR, we
excluded all patients with Class 1 or 2 (mild) MR who were
over-represented in the intervention group in REDUCE FMR
(see Table 1) and repeated the analyses with subjects only
with moderate to severe MR (Class 3+/4+) at baseline, a
group likely to be the target population for this device.

Table 2 shows data from the 66 implanted and the 35
non-implanted control patients with baseline 3+/4 +MR. Com-
pared with control, there was a significant early improvement
in the severity of the MR at 1 month (�0.84 compared with
�0.41, P = 0.024) which grew with time, to a 12month differ-
ence of�1.05 vs.�0.20, P = 0.002. This was also reflected in a
reduced regurgitant volume both at 6 months (�13.86mL vs.
+0.47 mL, P < 0.001) and at 12 months (�13.86 mL vs.
+0.47 mL, P = 0.002). LVEF showed significant early improve-
ment at 1 month (from 30.29% to 32.82%, Δ + 3.41,
P = 0.029), an effect that was no longer significant at 6 or
12months, presumably because of the greater regurgitant vol-
umes seen in the control patients at these time-points gener-
ating falsely high LVEF values. Compared with control, there
was also a significant improvement in both LVEDV
(�23.50 mL vs. +12.41 mL, P = 0.002) and LVESV (�21.25 mL
vs. +8.89mL, P = 0.004) at 12months. These favourable effects
on MR severity and LV remodelling may help explain the lower
rate of HF-related hospitalizations seen in treated patients
compared with controls (43.9% vs. 82.9%, P = 0.04).

Discussion

FMR, defined as mitral insufficiency secondary to inadequate
leaflet movement due to either LV wall motion abnormalities
or to ventricular and mitral annulus dilatation, is common in
patients with advanced systolic heart failure1,2 contributing
to morbidity and mortality.3

This comprehensive meta-analysis of individual patient
data has shown that CARILLON® mitral contour system device
provides statistically significant and clinically meaningful ben-
efits in LV volumes, NYHA functional status, and indexes of
mitral valve performance (MR grade and regurgitation vol-
ume) in HF patients with FMR. In addition, more compro-
mised (3+ and 4+ MR grade) HF patients undergoing
CARILLON® mitral contour system device implant showed a
significant early improvement in LA and LV remodelling, MR
volume and MR grade and in NYHA class, that are all
sustained long-term (see also Figure 4). There was also a sig-
nificant effect on the rate of hospitalization for heart failure,
seen in both the total cohort and a sensitivity analysis re-
stricted to those with more severe (Class 3+/4+) MR. In these
trials, treatment changes were at the discretion of the
treating physician, so it was possible that treatment differed
between the device and control groups. We cannot entirely
exclude a small effect, but neither baseline nor follow-up
medical therapies significantly differed between the device
and control groups overall.

The substantial reductions in LVEDVs seen with the
CARILLON® device in the meta-analysis (�23.5 mL compared
with baseline in those starting with 3+ or 4+ MR) stands in
contrast to the lack of a reduction in LVEDV in similarly severe
FMR patients in either trial of MitraClip®, Mitra-FR (�2 mL
median change from baseline) or COAPT (�1.1 mL mean
change from baseline), perhaps because the CARILLON®
device actually reduces mitral annular size as opposed to
merely clipping the valve leaflets together. The two largest
trials of MitraClip® have recruited patients much later in the
natural history of FMR when the remodelling and MR has
progressed further. The CARILLON® device is designed to be
used in a wider range of FMR patients and because it has
no direct effect on the valve leaflets it can be deployed earlier
(when reversal of LV remodelling is still possible) and actually
reduce end-diastolic volumes and still leave the patient
eligible for later leaflet clipping if needed.

Current European Society of Cardiology/European Associa-
tion for Cardio-Thoracic Surgery guidelines recommend for
mitral valve surgery (mitral annuloplasty or chordal-sparing
MV replacement) for severe FMR with LVEF >30% in patients
already planned for CABG, but only weak ‘may be considered’
advice if surgery is not otherwise planned, because the evi-
dence for surgical intervention for FMR is so limited.16 The
MitraClip® device is the current standard for the treatment
of severe FMR, but patient selection is crucial. Patients with
symptomatic HFrEF and moderate or severe SMR should be
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Figure 2 (A–F) Forest plots for changes in left ventricular remodelling, mitral regurgitation severity, left atrial volume, and New York Heart Association
class at 12 months follow up. CI, confidence interval.
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Table 2 Changes in echo-Doppler ventricular indices, and regurgitant volume in MR class 3+/4 + patients

Baseline 1 month Δ* P 6 month Δ* P 12 month Δ* P

LVEDV (mL)
Implant (n = 66) 209.62 207.23 �1.95 0.908 199.18 �10.11 0.013 193.77 �23.50 0.002
Non-implant (n = 35) 212.24 208.12 �1.32 227.54 6.63 211.20 12.41
LVESV (mL)
Implant (n = 66) 147.76 142.10 �6.41 0.503 138.52 �9.96 0.173 132.29 �21.25 0.004
Non-implant (n = 35) 147.18 143.22 �2.97 148.69 �1.11 138.38 8.89
LVEF (%)
Implant (n = 66) 30.29 32.82 3.41 0.029 32.45 2.01 0.930 32.60 2.59 0.177
Non-implant (n = 35) 32.73 34.26 0.67 36.68 2.15 35.73 �0.34
Mitral regurgitation grade
Implant (n = 66) 3.30 2.55 �0.84 0.024 2.37 �0.91 0.001 2.26 �1.05 0.002
Non-implant (n = 35) 3.23 2.90 �0.41 3.00 �0.17 2.95 �0.20
RV (mL/beat)
Implant (n = 66) 45.41 36.65 �7.98 0.731 29.70 �13.86 0.001 30.68 �13.85 0.009
Non-implant (n = 35) 50.91 48.20 �6.77 52.80 0.47 50.89 �1.27

Δ* represents paired changes from baseline; LVEDV, left ventricular end-diastolic volume; LFEF, left ventricular ejection fraction; LVESV,
left ventricular end-systolic volume, RV, regurgitant volume.

Figure 4 Changes in echo-Doppler ventricular indices, MR grade and regurgitant volume in MR class 3+/4+ patients at 12 month follow-up.LVEDV, left
ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; MR, mitral regurgitation; RV, regurgitant volume.

Figure 3 Forest plot for total heart failure related hospitalizations. CI, confidence interval.
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assessed by a multi-disciplinary heart team, to first optimize
guideline-directed medical therapy and then consider the
merits of mitral intervention either by device or surgery.
Patients should be assessed in euvolaemia and with as near
their normal heart rate as possible. It has been estimated that
the COAPT trial entry criteria should be used to consider pa-
tients for transcatheter mitral leaflet clipping, but that these
may be satisfied in fewer than 5% of otherwise eligible FMR
patients, indicating the need for other treatment approaches.
The CARILLON® device, being easier to deploy, requiring as
few as five cases to become proficient, compared with more
than 50 for the MitraClip® device, and being non-destructive
to the mitral valve leaflets, may be an excellent option in ear-
lier FMR, where the reduction in severity of FMR and left
atrial and ventricular volumes documented in this
meta-analysis may prove to be an excellent option to delay
the need for MitraClip®. It is also a much easier technique
for non-specialist structural heart interventional cardiologists
to master.

The treatment of FMR is a rapidly changing field of medical
practice. Transcatheter mitral valve interventions are also the
subject of considerable innovation. Other percutaneous tech-
niques now approved for commercial use in Europe include
the CARILLON® device (Carillon Mitral Contour System, Car-
diac Dimensions, Kirkland), the direct annuloplasty using the
Cardioband Mitral System (Edwards Lifesciences, Irvine, CA,
USA), and edge-to-edge repair using the PASCAL Mitral Valve
Repair System (Edwards Lifesciences). Adequately powered
clinical trials will be essential to inform the optimal use of
these devices. Recent registries have shown the safety of per-
cutaneous mitral valve interventions are improving and not
showing worse outcomes in reduced LVEF patients,17 but that
further education in how best to apply recent advances may
be needed.18 An update advice statement has recently been
published by the Heart Failure Association of the ESC.19

New evidence continues to accumulate showing the value

of percutaneous mitral valve procedures.20 Other recent
reviews and advice documents have covered this field.2122

Study limitations and conclusions

In conclusion, this comprehensive meta-analysis of individual
patient data has shown that CARILLON® device provides sta-
tistically significant and clinically meaningful benefits in LV
volumes, NYHA functional class and indexes of mitral valve
performance, along with a reduction in the rate of subse-
quent HFH. Significant improvements were seen in LVEDV
but not in LVEF. This is possibly due to the removal of a low
resistance outlet for LV emptying which had prior to correc-
tion lead to a falsely reassuring pre-treatment LVEF. The
number of patients and trials was modest, but the clear evi-
dence of LV remodelling suggests this may translate into im-
proved outcomes.23 Future studies are awaited in order to
define the impact on this intervention on major clinical out-
comes and also to determine whether earlier intervention
with the CARILLON® device could delay the need for the more
destructive (to the mitral valve leaflets) MitraClip® device.
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