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Abstract

Aims The objective of this study was to compare functional outcomes through 1 year in patients with core-lab verified mod-
erate to severe (Grades 2+ to 4+) functional mitral regurgitation (FMR) treated with the Carillon device or control in the
blinded sham-controlled REDUCE-FMR (Carillon Mitral Contour System for Reducing Functional Mitral Regurgitation) study.
Methods and results The main outcomes of this analysis were the change in 6 min walk test (6MWT) distance, incidence of
heart failure hospitalization or death, change in New York Heart Association (NYHA) class, and change in Kansas City Cardio-
myopathy Questionnaire (KCCQ) score through 1 year of follow-up. The minimum clinically important difference (MCID) was
defined as a ≥30 m increase in 6MWT distance, an NYHA decrease in ≥1 class, and a ≥3 point increase in KCCQ score. The pro-
portion of patients achieving the MCID in each treatment group was compared using Fisher’s exact test, and the number
needed to treat (NNT) with the Carillon device was calculated. Among 83 patients (62 Carillon and 21 sham), no statistically
significant group differences were observed in the baseline characteristics. All outcomes at 1 year numerically favoured the
Carillon group, including MCID for the 6MWT distance (59% vs. 23%, P = 0.029; NNT = 2.8), NYHA class (48% vs. 33%,
P = 0.38; NNT = 6.9), KCCQ score (69% vs. 47%, P = 0.14; NNT = 4.5), and freedom from heart failure hospitalization or death
(60% vs. 48%, P = 0.45; NNT = 8.3).
Conclusions REDUCE-FMR was the first blinded sham-controlled trial to report outcomes with percutaneous therapy for the
treatment of FMR. Trends towards improvement in mean 6MWT distance, KCCQ score, and NYHA class were observed with
the Carillon device. A substantially higher number of patients achieved MCID for all patient-centred outcomes with the
Carillon device compared with the sham procedure.
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Introduction

Functional mitral regurgitation (FMR) is commonly observed
in patients with heart failure (HF) and is associated with
poorer symptoms, clinical outcomes, and haemodynamics
compared with patients with HF without FMR.1–3

Catheter-based percutaneous treatment represents an at-
tractive option for such patients especially considering the

uncertain mortality benefit of surgical repair.4,5 Unlike
MitraClip, the Carillon Mitral Contour System (Cardiac
Dimensions, Kirkland, WA) is a percutaneous treatment of
FMR in which mitral annuloplasty is performed via the coro-
nary sinus and does not require trans-septal puncture. The
REDUCE-FMR (Carillon Mitral Contour System for Reducing
Functional Mitral Regurgitation) trial was the first blinded
sham-controlled trial of mitral valve (MV) repair. The primary
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endpoint was the improvement in regurgitant volume associ-
ated with the Carillon device at 12 months, relative to the
control population. The primary endpoint was met as the
Carillon device significantly reducing mitral regurgitant vol-
ume as well as left ventricular (LV) volumes compared with
the sham procedure.6

Patients with HF often have considerable symptom bur-
den, leading to impaired physical functioning and quality of
life (QoL). Thus, improving patient-centred outcomes is one
of the major goals of HF management.7,8 This has been
reflected by the recent Food and Drug Administration (FDA)
guidance statement, which has recognized Kansas City
Cardiomyopathy Questionnaire (KCCQ) and the Minnesota
Living with Heart Failure Questionnaire (MLHFQ) as tools that
can be used as clinical trial endpoints for medical devices in
HF.7–9 Previous analyses of the REDUCE-FMR trial have not
specifically focused on the proportion of patients achieving
the minimally clinically important difference (MCID) thresh-
old of patient-centred outcomes, nor have they assessed
the magnitude of the clinical benefit of Carillon device by es-
timating the number needed to treat (NNT) to achieve such
MCIDs. The proportion of patients achieving MCID for QoL
is important to assess as it can provide valuable insights
whether aspects of health that are most important in terms
of patients’ perspectives are being impacted by the
device.10,11 To the best of our knowledge, none of the previ-
ous studies of catheter-based percutaneous treatment of
FMR have systemically evaluated these parameters.

Moreover, previous results from REDUCE-FMR trial in-
cluded some patients with FMR grade of +1, who may not re-
ceive the device in real-world clinical practice and may also
not derive the intended benefits of Carillon device. The aim
of this study was to assess patient-centred outcomes such
as KCCQ score, 6 min walk test (6MWT) distance, and New
York Heart Association (NYHA) class after implantation of
Carillon device in patients with FMR Grades +2 to +4 and
investigate the proportion of patients achieving MCID for
these outcomes, in comparison with patients who were
allocated to the sham procedure.

Methods

Study design

The REDUCE-FMR trial (NCT02325830) was a multicentre,
randomized, double-blinded, proof-of-concept, sham-
controlled trial of the Carillon Mitral Contour System in
patients with HF with reduced ejection fraction and secondary
mitral regurgitation. The design and primary results of the trial
havebeenpublishedpreviously.12 Inbrief, the studypopulation
comprised patients with a left ventricular ejection fraction
(LVEF) of <50%, an LV end-diastolic diameter > 55 mm,

symptoms of NYHA functional class II, III, or IV, and an FMR
grade of 2+, 3+, or 4+, despite the use of stable (≥3 month)
guideline-directed medical therapy. In addition, patients had
to have the capacity to finish a 6MWTof 150–450m to exercise
limitation and confirm their ability for serial 6min walk testing.
Patients with significant organic MV pathology, prior MV
surgery, severe mitral annular calcification, percutaneous
coronary intervention in the last 30 days, or any indication for
cardiac resynchronization therapy were excluded.

After a decision was made about patients’ suitability for
the REDUCE-FMR trial, a baseline echocardiogram was ac-
quired, and patients underwent a 6MWT and KCCQ. Partici-
pants were then randomized in a 3:1 ratio to receive either
coronary sinus-based mitral annular reduction approach for
FMR or sham. In those procedures not performed under gen-
eral anaesthesia, measures such as headphones and patient
draping were used to ensure the patient was unaware of
treatment group allocation during the procedure. Subse-
quently, patients were evaluated for 6MWT distance, KCCQ,
and LV structure and function at 1, 6, and 12 months of fol-
low-up after the procedure. All echocardiograms were
interpreted in accordance with established guidelines blinded
to allocation and time point. Particularly in the evaluation of
mitral regurgitation, a quantitative and multiparametric ap-
proach was applied to classify FMR into four grades (+1, +2,
+3, or +4). The present analysis is restricted to patients with
+2 to +4 FMR, the intended patient cohort of the study. A
pragmatic design attempting to reflect (future) clinical prac-
tice meant that patients were entered into the study based
on local echo assessment of FMR severity. On core-lab re-
view, 29.7% were classified as only mild MR (Class 1+) and
thereby outside the intended entry criteria for the study.

The trial was conducted according to the Declaration of
Helsinki. An independent ethics committee/local competent
authority or institutional review board approved the clinical
protocol at every participating centre. All the patients pro-
vided written informed consent before study entry.

Outcomes

The pre-specified outcomes of this analysis included change
in 6MWT distance, NYHA class, and KCCQ and the incidence
of HF hospitalization or death through 1 year of follow-up.
6MWT distance, NYHA, and KCCQ at 1 year of follow-up were
compared with baseline. The MCID was defined as a ≥30 m
increase in 6MWT distance, a ≥1 class decrease in self-re-
ported NYHA-assessed symptoms, and a ≥3 point increase
in the KCCQ score.9,10 The change in 6MWT distance is the
preferred and most commonly used tool to assess functional
status of patients.13–15

The 6MWT was performed on straight, flat, hard-surfaced
walking course that was at least 25 m long. The patients were
asked to wear comfortable shoes and clothing and to attend
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having taken their usual medications. The supervisor noted
the baseline heart rate, Borg scale rating for dyspnoea and fa-
tigue, oxygen saturation, and brachial arterial blood pressure.
After the instructions were understood by the patient, he or
she was instructed to begin the test. The corridor was
marked, and a cone was placed to denote the turnarounds.
During the test, the participants were allowed to slow down
or stop and resume walking as soon as possible. All partici-
pants were encouraged to walk at a rate suitable to their con-
dition, and the supervisor was present throughout. Words of
encouragement were not allowed. After the test was com-
plete, the supervisor again noted the heart rate, Borg scale
rating for dyspnoea and fatigue, oxygen saturation, and bra-
chial arterial blood pressure. The number of laps and addi-
tional distance were also noted, and the 6MWD was
calculated.

Kansas City Cardiomyopathy Questionnaire incorporates
23 items that map seven domains: symptom burden, symp-
tom frequency, symptom stability, social limitations, physical
limitations, QoL, and self-efficacy.9 These domains are com-
bined to create an overall summary score. All scores are rep-
resented on a 0 to 100 point scale and are summarized in 25
point ranges with scores representing health status as fol-
lows: 0–24, very poor to poor; 25 to 49, poor to fair; 50 to
74, fair to good; and 70 to 100, good to excellent. For the pur-
pose of this analysis, KCCQ overall summary score was con-
sidered. Patients were categorized on the NYHA class
according to the American Heart Association/American
College of Cardiology guidelines.16

Statistical analysis

The results of change in 6MWT distance were classified into (i)
increase in ≥20 m; (ii) increase in ≥30 m; and (iii) increase in
≥40 m. The results of change in KCCQ were classified into (i)
increase in ≥3 points; (ii) increase in ≥4 points; and (iii)
increase in 5 points. Patients were placed into groups based
on whether the change in their 6MWT distance or KCCQ score
was above or below the cut-off point. Subsequently, NNTs
were calculated for each of the categories. NNTs are widely
useful to estimate the risk–benefit ratio of an intervention or
as a guidance tool to compare the efficiency of different ther-
apeutic strategies. Over the years, NNTs have also been
proven their usefulness in guiding regulators and other stake-
holders to make decisions on drug/device regulation.17 NNT is
the number of patients that need to be treated to prevent one
additional negative outcome. It is the inverse of absolute risk
reduction (ARR) that was calculated as follows: ARR = Event
rate in the sham cohort� Event rate in the Carillon device co-
hort. A relatively low NNTwould suggest potential benefit on a
population level. A high NNT would mean that widespread
adoption could lead to excess and futile procedures. The pro-
portion of patients achieving the MCID in each treatment

group was also compared using Fisher’s exact test. A P-
value < 0.05 was considered significant in all cases. As a pilot
study, REDUCE-FMR was not formally powered to assess dif-
ferences in clinical event rates or outcomes, although explor-
atory analyses were pre-specified in the study protocol.
Statistical analysis was performed with SAS Version 9.4 soft-
ware (SAS Institute, Cary, NC).

Results

Patient population

Among the 83 patients included in this analysis, 62 (75%)
were randomized to the Carillon device group, while 21
(25%) were randomized to the sham procedure group. Base-
line demographic characteristics were well balanced between
the two groups (Table 1). The mean age of the included pa-
tients was 70 years, 72% were male, and the aetiology of
HF was ischaemic in 69%. Atrial fibrillation was present in
59% of the patients. At baseline, the 6MWT distance and
KCCQ scores were 303 ± 93 and 299 ± 96 m and 53 ± 23
and 46 ± 23 in the Carillon and control groups, respectively.

Outcomes

Six minute walk test
A majority of the patients (Carillon device = 66% vs. sham
group = 38%, P = 0.11) had a >20 m increase in 6MWT dis-
tance at 1 year of follow-up compared with their baseline.
The mean change in 6MWT distance over 1 year in the Caril-
lon device cohort ranged from �5 to 52 m (mean = 24 m),
whereas it ranged from �43 to 62 (mean = 9 m) in the sham
procedure group. The proportion of patients who achieved
MCID in the 6MWT at 1 year of follow-up from baseline
was significantly higher in the Carillon device group com-
pared with the sham group (59% vs. 23%, respectively;
P = 0.029). The NNT for a ≥30 m increase in 6MWT distance
with the Carillon device was 2.8, and the NNT for a ≥20 m in-
crease in 6MWT distance was 3.6 (Table 2).

Kansas City Cardiomyopathy Questionnaire
The majority of the patients (Carillon device = 69% vs. sham
control = 47%) had a >3 point increase in KCCQ score at
1 year of follow-up compared with their baseline. The mean
change in KCCQ score over 1 year in the Carillon device co-
hort ranged from 5 to 19 (mean = 12), whereas it ranged from
�8 to 17 (mean = 5) in the sham procedure group. The num-
ber of patients who achieved MCID for KCCQ was numerically
higher in the Carillon device group compared with the sham
procedure group (69% vs. 47%, respectively; P = 0.14). The
NNT for a ≥3 point increase in KCCQ score with the Carillon
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device was 4.5, whereas the NNT for a ≥5 point increase in
KCCQ score was 6.3 (Table 2).

New York Heart Association and freedom from heart failure
hospitalization or death
From baseline to follow-up at 1 year, ≥1 class change in NYHA
(48% vs. 33%, respectively; P = 0.38) and freedom from HF
hospitalization or death (60% vs. 48%, respectively;

P = 0.45) numerically favoured the Carillon group compared
with the sham procedure group (Table 2).

Safety
No major complications such as intra-procedural ischaemic
event, cardiac perforations, or device embolization or frac-
ture were observed.

Table 1 Baseline patient characteristics

Characteristic

Carillon Sham

P-value(n = 62) (n = 21)

Demographics
Age (years) 70 ± 10 70 ± 10 0.99
Male sex 73% (45/62) 71% (15/21) 1.00
Body mass index (kg/m2) 26 ± 5 26 ± 4 0.98

Medical history
Ischaemic cardiomyopathy aetiology 71% (44/62) 62% (13/21) 0.57
Atrial fibrillation 56% (35/62) 67% (14/21) 0.45
Myocardial infarction 47% (29/62) 48% (10/21) 1.00

Functional assessment
New York Heart Association classification 0.40
II 40% (25/62) 57% (12/21)
III 56% (35/62) 43% (9/21)
IV 3% (2/62) 0% (0/21)

6 min walk test (m) 303 ± 93 299 ± 96 0.85
KCCQ 53 ± 23 46 ± 23 0.20

LV parameters
LV ejection fraction (%) 33 ± 9 36 ± 8 0.25
LV end-diastolic diameter (cm) 6.6 ± 0.9 6.4 ± 0.9 0.47
LV end-diastolic volume (cc) 194 ± 62 188 ± 78 0.73
LV end-systolic volume (cc) 133 ± 54 124 ± 62 0.55

Mitral valve parameters
Regurgitant volume (mL) 48 ± 22 51 ± 20 0.72
Vena contracta (cm) 0.42 ± 0.09 0.43 ± 0.13 0.63
Effective regurgitant orifice area (cm2) 0.31 ± 0.13 0.32 ± 0.11 0.73
MR grade 0.38
2 55% (34/62) 38% (8/21)
3 37% (23/62) 52% (11/21)
4 8% (5/62) 10% (2/21)

KCCQ, Kansas City Cardiomyopathy Questionnaire; LV, left ventricular; MR, mitral regurgitation.
Values are mean ± standard deviation (n) or percentage (n/N).

Table 2 Key functional outcomes over 1 year of follow-up

Outcome Carillon Sham P-value NNTa

6 min walk test increase ≥20 m 66% (29/44) 38% (5/13) 0.11 3.6
6 min walk test increase ≥30 m 59% (26/44) 23% (3/13) 0.029 2.8
6 min walk test increase ≥40 m 50% (22/44) 23% (3/13) 0.12 3.7
6 min walk test mean change over 1 year (m) 24 (�5 to 52) 9 (�43 to 62) 0.63 —

KCCQ increase ≥3 points 69% (33/48) 47% (7/15) 0.14 4.5
KCCQ increase ≥4 points 67% (32/48) 47% (7/15) 0.23 5.0
KCCQ increase ≥5 points 63% (30/48) 47% (7/15) 0.37 6.3
KCCQ mean change over 1 year (m) 12 (5 to 19) 5 (�8 to 17) 0.29 —

Freedom from HFH/death 60% (37/62) 48% (10/21) 0.45 8.3
NYHA decrease ≥1 class 48% (23/48) 33% (5/15) 0.38 6.9
NYHA decreaseb ≥1 class 40% (23/58) 29% (5/17) 0.57 9.8

HFH/death, heart failure hospitalization or death; KCCQ, Kansas City Cardiomyopathy Questionnaire; NNT, number needed to treat; NYHA,
New York Heart Association.
Values are percentage (n/N) or mean (95% confidence interval).
aDenotes the number of patients that must be treated with the Carillon device in order to avoid one ‘failure’.
bFor patients who died within 12 months, NYHA was set to 5.
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Discussion

In this analysis of REDUCE-FMR, we show several key find-
ings. First, a trend towards improvement in mean 6MWT dis-
tance, KCCQ score, and NYHA class was observed with the
Carillon device compared with the sham control. Second, a
substantially higher number of patients achieved MCID for
all patient-centred outcomes with the Carillon device com-
pared with the sham procedure control. Third, the NNTs for
achieving MCID of patient-centred outcomes and freedom
from HF hospitalization or death were low, indicating a
favourable absolute magnitude of benefit that might be ob-
served with the Carillon device (Figure 1).

Currently, the only non-surgical treatment for FMR in pa-
tients with HF approved by the US FDA is the transcatheter
MV leaflet edge-to-edge percutaneous repair with the
MitraClip device (Abbott Vascular, Abbott Park, IL).18 Both
trials [Cardiovascular Outcomes Assessment of the
MitraClip Percutaneous Therapy for Heart Failure Patients
with Functional Mitral Regurgitation (COAPT) and
Multicentre Study of Percutaneous Mitral Valve Repair
MitraClip Device in Patients With Severe Secondary Mitral
Regurgitation (MITRA-FR)] designed to assess the use of
MitraClip in patients with FMR have yielded different
conclusions.19,20 While the COAPT trial showed improve-
ments in mean 6MWT distance, QoL, and NYHA class, the

MITRA-FR trial did not show significant improvement in
these patient-centred outcomes.20,21

Inconsistency in findings from the two MitraClip trials has
been attributed to the differences in patient populations.22,23

Compared with the MITRA-FR trial, the COAPT trial included a
more selective population with a smaller average LV diastolic
diameter (LVDD; 62 vs. 69mm) and a greater average effective
regurgitant orifice area (EROA; 0.41 vs. 0.31 cm2).20,21 In other
words, the COAPT trial only included patients with less, possi-
bly more recoverable LV remodelling and greater valve in-
volvement. Based on this evidence, the current expert
opinion is that only a small subset of patients with FMR with
larger EROA and smaller LVDD are candidates for theMitraClip
procedure.24 The patient population in this subgroup of those
enrolled in REDUCE-FMR (EROA, 0.31 cm2; LVDD, 66 mm) re-
sembles that of the MITRA-FR trial and is more generalizable
to patients with HF and moderate to severe FMR. However,
unlike the MITRA-FR trial, our results show a trend towards
improvement in patient-centred outcomes with the Carillion
device. In fact, the low NNT for all patient-centred outcomes
suggests that the Carillon device is likely to provide benefit
in a large proportion of patients with FMR, rather than just a
small subset. Furthermore, unlike the COAPT and MITRA-FR
trials, the REDUCE-FMR trial used a sham procedure in the
control group, which increases the reliability of its results by
minimizing placebo and nocebo effects.

Figure 1 Number needed to treat to achieve minimum clinically important difference in each outcome. 6MWT, 6 min walk test; HFH/D, heart failure
hospitalization or death; KCCQ, Kansas City Cardiomyopathy Questionnaire; NNT, number needed to treat; NYHA, New York Heart Association.
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There are important reasons why the Carillon maybe more
widely applicable in patients with FMR than the MitraClip de-
vice. First, Carillon implantation involves placement of the
device via the coronary sinus and therefore does not inter-
rupt the mitral apparatus. Second, in contrast to MitraClip,
the Carillon device does not require trans-septal puncture.
Third, the Carillon device might be a better option in patients
with small annular dimensions, in which other interventional
devices might induce mitral stenosis. Finally, the trial showed
that the device was safe in a wide range of patients.

Although the low power of the study necessitates that the
findings are considered exploratory rather than confirmatory,
the low NNT values have important implications. NNT calcu-
lated from small trials and pilot studies has traditionally been
used to determine the threshold of clinical significance for
larger trials and assess their likelihood of being feasible.25

Specifically, small NNTs provide justification for conducting
larger trials on relatively complex, risky, expensive, or other-
wise burdensome treatments.26 Thus, we reason that findings
from this analysis support the need for a larger trial to evalu-
ate patient-centred outcomes using the Carillon device. The
ongoing CARILLON trial (NCT03142152) will enrol 352 partici-
pants and evaluate the device for impact on mortality and
hospitalization in patients with FMR.27 Approximately 60 mil-
lion patients have HF globally, and 70% of these patients may
have concomitant FMR.28 Following possible confirmatory ev-
idence of benefit, widespread adoption of the Carillon device
could potentially result in improved outcomes at a population
level given the vast number of eligible patients.

Limitations

Our findings should be interpreted in the light of several lim-
itations. First, this analysis was not adequately powered to
evaluate clinical endpoints. Second, the duration of
follow-up was limited to 1 year; therefore, it is not possible
to assess the long-term safety and efficacy of this device.
Lastly, these data encompass some of the early experience
with the Carillon device and therefore may not reflect the
current skill of device users.

Conclusions

In conclusion, a trend towards improvement in mean 6MWT
distance, KCCQ score, and NYHA class with the Carillon device

was observed. A substantially higher number of patients
achieved MCID for all patient-centred outcomes with the
Carillon device compared with the sham control. The NNTs
for achieving MCID of patient-centred outcomes and freedom
from HF hospitalization or death were low, indicating the ab-
solute magnitude of benefit that may be observed with the
Carillon device.
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