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Abstract

Aims This study aims to report long‐term mortality, echocardiographic, and clinical outcomes of patients receiving treatment
for functional mitral regurgitation (FMR) with the Carillon device.
Methods and results This was a single centre analysis of prospectively collected data from patients treated with the Carillon
Mitral Contour System for symptomatic congestive heart failure despite guideline‐directed medical therapy, who were in-
cluded from a single centre from the TITAN II study. All patients presented with New York Heart Association (NYHA) class 2
or greater symptoms, grade 2+ to 4+ FMR, left ventricular enlargement, and reduced ejection fraction. Surviving patients were
evaluated for long‐term follow‐up post‐procedure, averaging 6.9 years. Fifteen (15) patients (mean age 72 years, 60% male,
100% NYHA class III or IV, 50% MR grade 3+ or 4+) were treated with the Carillon device. The Kaplan–Meier mortality rate
was 40% at 6 years of follow‐up. Long‐term survival through 6 years was associated with echocardiographic improvement
in mitral regurgitation (change in effective regurgitant orifice area in survivors versus non‐survivors from baseline to 1 year
follow‐up, �9.0 ± 5.6 vs.�1.7 ± 1.5, P = 0.02) and clinical status at 12months (difference in NYHA at 1 year follow‐up between
survivors versus non‐survivors, P = 0. 05) which was sustained throughout follow‐up. All patients at 6 year follow‐up had ≤2+
MR, with 6 of 7 having 0–1+ MR. Left ventricular end‐diastolic volume was reduced from 154.0 ± 65.7mL at baseline to 104.5 ±
59.2 mL at 6 year follow‐up, P = 0.03 in survivors with both measurements.
Conclusions Among patients with congestive heart failure treated with the Carillon device, long‐term survival is associated
with favourable 1 year and sustained improvements in mitral regurgitation, left ventricular volume, ejection fraction, and clin-
ical status.
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Introduction

Secondary, or functional, mitral regurgitation (FMR) imparts a
worse prognosis in heart failure patients, even when the FMR
is mild.1 Recent studies have suggested that percutaneous
treatment of FMR may have clinically beneficial effects, in-
cluding a favourable impact on mortality.2 The Carillon Mitral
Contour System was developed by Cardiac Dimensions Inc.
(Kirkland, WA, USA) to treat FMR, using the proximity

between the coronary venous system and the mitral annulus.
This device has been assessed prospectively in four trials, es-
tablishing safety of the procedure, as well as efficacy in the
reduction of the severity of FMR.3–6 Importantly, this was
also associated with reverse remodelling of the left ventricle
(LV) in each of the trials, a phenomenon associated with
favourable mortality benefits.7–9 The clinical follow‐up of sub-
jects included in these studies varied from 6 months
(AMADEUS trial) to 2 years (TITAN trial). Long‐term survival
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has recently been reported; however, long‐term echocardiog-
raphy was not available.10 In the TITAN II trial, among 30 suc-
cessfully implanted patients in the trial, 15 were treated in
one centre in France, where long‐term follow‐up was per-
formed, even though that was not a formal part of TITAN II.
The purpose of this study was to analyse the long‐term out-
come of these patients with clinical and echocardiography
follow‐up.

Methods

The results of the TITAN II trial have been published
previously.3 This study was performed to evaluate the safety
and integrity of a modified Carillon Mitral Contour System.5

The trial was approved by the local Competent
Authority/Ethics Committee at each participating site, and
subjects were provided written informed consent. It was a
prospective, single arm, multicentre, safety study undertaken
at five centres in Germany, Poland, and France. Patients were
included if they had symptomatic heart failure of at least
NYHA class II, who were stabilized on guideline‐directed heart
failure medications for at least 1 month. In order to qualify,
patients had to have 2+ or greater FMR, a 6 min walk test
(6MWT) of 150–450 m, left ventricular (LV) dilatation [left
ventricular end‐diastolic diameter (LVEDD) > 55 mm], and
LV ejection fraction <40%. Successfully implanted patients
were followed at 1, 6, and 12months for clinical and echocar-
diographic parameters. Across all trial sites in the TITAN II
study, 30 patients successfully received permanent Carillon
implants out of 36 included in the study. The 1 year mortality
rate was 23% (7 of 30 patients).

A single centre in France (Clermont Ferrand) enrolled 18
patients in the TITAN II trial between September 2011 and
January 2013. Although not mandated by the TITAN II trial,
patients at this centre were continued to be followed longitu-
dinally, and this follow‐up is the basis for this analysis. Suc-
cessful implantation of the Carillon device was obtained in
15 of the 18 patients. The 1 year mortality was 7% (1 of 15
patients).

Between April and June 2019, all implanted patients or
their relatives, personal cardiologists, and/or general practi-
tioners were contacted to ascertain who died during that
time. Surviving patients were offered an additional clinical
visit with echocardiographic assessment. Study procedures
were conducted in accordance with the Declaration of
Helsinki.

All baseline and 1 year echos were read by a core echo lab
(Brigham and Women’s Medical Center, Boston, MA, USA).
The long‐term echos were read by site echocardiographers
and independently reviewed by another cardiologist to assess
for possible discrepancies.

Patients who survived long‐term were compared with the
patients who died. Between‐group comparisons were per-
formed using the Student’s t‐test. Binomial proportions were
compared between groups using Fisher’s exact test.
Wilcoxon’s rank sum test was used to compare ordinal out-
comes such as change in NYHA at 1 year between groups. Ad-
ditional outcomes are presented as mean change from
baseline for continuous variables and number and frequency
for categorical variables. A two‐sided P‐value of <0.05 was
considered significant in all analyses. Statistical analysis was
performed with JMP v14.3 software (SAS Institute, Cary,
NC, USA).

Results

The baseline characteristics of implanted patients are shown
in Table 1. The mean age of patients was 72 ± 7 years. Most
were in NYHA class III (87%) with 13% in NYHA class IV at
baseline. The aetiology of the cardiomyopathy was ischaemic
in 47% (7 of 15 patients). Half of patients were judged to have
MR grade 3+ or greater by the core lab evaluation. Whereas
baseline regurgitant volume (32.8 mL) and EROA (0.22 cm2)
were analysed to be moderate, baseline vena contracta mea-
surements (0.66 cm) were close to the criteria for being con-
sidered to be severe.11

The follow‐up period from the implantation procedure ex-
tended to 90 months (7.5 years). All surviving patients had at
least 72 months (6 years) post‐implant follow‐up. The 6 year
Kaplan–Meier estimate for mortality is 40.0% (Figure 1). Ta-
ble 2 compares the heart failure hospitalization rates in the
year prior to the Carillon implantation, and the 1 and 6 years
after implant. Overall, and specifically in those with long‐term
survival, there was a decrease in the rate of heart failure hos-
pitalizations after Carillon implantation. This change was not
seen in the patients who did not have long‐term survival,
but their incidence of heart failure hospitalization prior to
the Carillon procedure was lower than those that survived
long‐term.

Table 3 depicts the baseline clinical and echocardiographic
parameters of patients who survived at least 6 years after
Carillon implantation (Group 1, n = 9) in comparison with pa-
tients who died (Group 2, n = 6). Group 1 patients tended to
have more favourable baseline clinical characteristics, with
NYHA class average 3.0 vs. 3.3 in Group 2 (P = 0.09), and
6MWT of 353 m vs. 227 m in Group 2 (P = 0.02). Global LVEF
was more depressed at baseline in the latter group as well
(23% for those in Group 2 vs. 33% for those that survived
>6 year, P < 0.05). There were no statistically significant dif-
ferences in baseline MR grade, regurgitant volume, or LV
volumes.

All but one patient survived through 12 months. Because
most baseline differences between groups were not clinically
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meaningful, relative change from baseline was examined. At
12 month follow‐up (Table 4), there was a significant differ-
ence in MR grade between the two groups (P = 0.04) which
was associated with a significant reduction of EROA in Group
1 (21.7 mm2 baseline vs. 9.7 mm2 12 months, P = 0.02). Al-
though between‐group differences in reduction of LVEDV
and improvement in LVEF did not reach statistical signifi-
cance, a signal in both parameters was observed in Group
1, with a decrease in LVEDV of 14.2 mL and an increase in
EF from 33.0% to 37.5%. Symptomology, as assessed by
NYHA classification at 12 months, was also improved in
long‐term surviving patients as compared with
non‐survivors (P = 0.05).

In addition to the six patients who died within 6 years of
the follow‐up period, another patient died at 7.2 years prior
to the long‐term follow‐up visit. Death was cardiac in 5 of
the 7 cases with one death of unknown cause and another
due to renal adenocarcinoma. Among the eight surviving pa-
tients, seven agreed to have a clinical and echocardiographic
assessment. NYHA class and clinical status information were
obtained by phone contact on the other surviving patient at
7.3 years post‐procedure. Surviving patients improved their
NYHA class during follow‐up compared with baseline at 6
and 12 months, which remained unchanged at last
follow‐up in 7 of 8 patients. Measures of mitral regurgitation
decreased significantly (EROA change from baseline
21.7mm2 vs. 8.0mm2 at 12months vs. 6.6mm2 at long term,
P = 0.02 from baseline). Although the reduction in LV volume
was not statistically significant at 1 year, the LV volume con-
tinued to remodel such that the LVEDV reduced from 154.0 ±
65.7 mL at baseline to 104.5 ± 59.2 mL at 6 year follow‐up,
P = 0.03. It is notable that 6 of 7 patients with long‐term
echos had 0–1+ MR 6 years after Carillon implantation, with
one patient having 2+ MR (Figure 2).

A comparison of medical management of the overall co-
hort and specifically these eight patients at baseline and at

Table 1 Baseline clinical and echocardiographic parameters

Total (n = 15)

Male sex, n (%) 9 (60.0)
Age (years) 71.9 ± 6.7
Aetiology, n (%)

Ischaemic heart disease 7 (46.7)
Non‐ischaemic cardiomyopathy 8 (53.3)

Diabetes mellitus, n (%) 4 (26.7)
History of atrial fibrillation, n (%) 8 (53.3)
BMI (kg/m2) 25.8 ± 4.4
NYHA, n (%)

III 13 (86.7)
IV 2 (13.3)

Baseline heart rate (b.p.m.) 75 ± 13
Systolic BP (mmHg) 126 ± 17
Diastolic BP (mmHg) 76 ± 9
6 min walk test (m) 298.6 ± 92.4
Beta‐blocker, n (%) 12 (80.0)
Diuretic, n (%)

Any 13 (86.7)
MRA 4 (26.7)

ACEi/ARB, n (%) 9 (60.0)
Hydralazine/nitrates, n (%) 3 (20.0)
LVEF (%) 30 ± 9
LVEDD (cm) 6.0 ± 0.8
LVESD (cm) 5.1 ± 0.9
LVEDV (mL) 157.5 ± 51.1
LVESV (mL) 112.1 ± 42.1
Vena contracta (cm) 0.66 ± 0.15
EROA (mm2) 22 ± 9.9
Mitral regurgitant volume (mL/bt) 32.8 ± 17.1
Mitral regurgitant grade, n (%)

2+ 6 (50.0)
3+ 4 (33.3)
4+ 2 (16.7)

ACEi/ARB, angiotensin converting enzyme inhibitor/angiotensin re-
ceptor blocker; BMI, body mass index; BP, blood pressure; EROA,
effective regurgitant orifice area; LVEDD, left ventricular
end‐diastolic diameter; LVEDV, left ventricular end‐diastolic vol-
ume; LVEF, left ventricular ejection fraction; LVESD, left ventricular
end systolic diameter; LVESV, left ventricular end systolic volume;
MRA, mineralocorticoid receptor antagonist; NYHA, New York
Heart Association; SD, standard deviation.
Values are ±SD.

Figure 1 Kaplan–Meier curves for overall mortality through 6 years. Number of patients at risk and estimate of mortality by year.
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long‐term follow‐up revealed a decrease in the use of
beta‐blockers over time, from 87.5% to 50% (80% in overall
population), although this difference was attenuated if amio-
darone use was included—87.5% to 75%. Overall, 64.2% of
the entire population was on an ACE inhibitor or angiotensin
receptor blocker at baseline. One patient who was not on an
ACE inhibitor or angiotensin receptor blocker at baseline was
placed on angiotensin receptor‐neprilysin inhibition. All but
one patient (75%) was on an ACE inhibitor or angiotensin re-
ceptor blocker at baseline and remained on one at follow‐up
(87.5%), with two of those patients switched to angiotensin
receptor‐neprilysin inhibition. All but one long‐term surviving
patient required a diuretic at baseline (87.5%), similar to the
overall population (86.7%), with only 67.5% requiring a di-
uretic at follow‐up. The use of aldosterone antagonist was
low at baseline in the overall population (26.7%) as well as
in the long‐term cohort (25%) and at follow‐up (12.5%).

Discussion

Functional mitral regurgitation (FMR) is common in patients
with advanced systolic heart failure.1,12–15 Despite optimal
guideline‐directed medical therapy, the prognosis remains
poor.13,14,16 Different transcatheter treatments of FMR have
been, or are being, developed.17,18 The MitraClip device has
been evaluated in two large clinical trials with diametrically
different results.2,19 While the MITRA‐FR study was neutral,
the COAPT trial showed an important reduction in the rate
of mortality and hospitalization for heart failure. Several dif-
ferences in patients selection between these two studies
have been pointed out to possibly explain the differences be-
tween the observed outcomes.20–22 These theories remain
speculative at this time, and it is unclear if the assumptions
in those theories are translatable to devices other than
MitraClip.

Table 2 Heart failure hospitalizations before and after implant procedure

Pre‐procedure Post‐procedure

12 months prior to implant 12 months after implant P‐value* All follow‐up after implant

All patients
Total number of hospitalizations 27 10 36
Rate per patient year [95% CI] 1.8 [1.18, 2.61] 0.70 [0.33, 1.28] 0.03 0.55 [0.38, 0.75]

Group 1 survivors >6 years
Total number of hospitalizations 19 4 23
Rate per patient year [95% CI] 2.11 [1.27, 3.29] 0.44 [0.12, 1.13] 0.02 0.43 [0.27, 0.63]

Group 2 survivors <6 years
Total number of hospitalizations 8 6 13
Rate per patient year [95% CI] 1.33 [0.57, 2.62] 1.13 [0.41, 2.46] ns 1.08 [0.57, 1.84]

CI, confidence interval.
*Difference between 12 months prior to implant and 12 months after implant.

Table 3 Baseline parameters comparing patients who survived from those who did not survive through 6 years post‐procedure

Group 1 survivors >6 years (n = 9) Group 2 survivors <6 years (n = 6) P‐value

Baseline age (years) 71.1 ± 8.4 73.2 ± 3.1 0.75
Male % (n) 55.6 (5) 66.7 (4) 0.58
Ischaemic % (n) 55.6 (5) 33.3(2) 1.00
History of Afib. 55.6 (5) 33.3(2) 1.00
NYHA %(n) 0.09

III 100 (9) 66.7 (4)
IV 0 (0) 33.3 (2)

6 min walk distance (m) 352.5 ± 69.2 226.7 ± 68.2 0.01
LVEF (%) 33.0 ± 7.3 22.8 ± 7.3 0.05
LVEDV (mL) 159.3 ± 57.0 154.0 ± 44.3 0.88
Vena contracta (cm) 0.67 ± 0.18 0.66 ± 0.11 0.93
EROA (mm2) 22 ± 13 21 ± 3 0.95
Regurgitant volume (mL) 35.8 ± 21.3 27.5 ± 3.0 0.46
MR grade % (n) 0.64

2+ 62.5 (5) 25.0 (1)
3+ 12.5 (1) 75.0 (3)
4+ 25.0 (2) 0 (0)

ACEi/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; EROA, effec-
tive regurgitant orifice area; LVEDD, left ventricular end‐diastolic diameter; LVEDV, left ventricular end‐diastolic volume; LVEF, left ventric-
ular ejection fraction; LVESD, left ventricular end systolic diameter; LVESV, left ventricular end systolic volume; MRA, mineralocorticoid
receptor antagonist; MR, mitral regurgitation; NYHA, New York Heart Association; SD, standard deviation.
Values are ±SD.
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The main finding of our study is that 60% of severely symp-
tomatic patients with heart failure and FMR treated by Caril-
lon Mitral Contour System survived for at least 6 years after
the procedure and were virtually free of mitral regurgitation
at that long‐term follow‐up. This marked reduction in mitral
regurgitation was associated with left ventricular reverse

remodelling and clinical improvement as assessed by NYHA
class. These results compare favourably with the outcomes
of medically treated patients, reported in several recent stud-
ies. In several studies evaluating patients treated with medi-
cal therapy, the 3–5 year long‐term mortality was over 50%
in patients with moderate or severe FMR.12,15,16 In COAPT

Table 4 12 month parameters comparing patients who survived from those who did not survive through 6 years post‐procedure

Group 1 survivors >6 years (n = 9) Group 2 survivors <6 years (n = 5)* P‐value

NYHA at 12 months % (n) 0.05
I 22.2 (2) 0 (0)
II 77.8 (7) 60.0 (3)
III 0 (0) 40.0 (2)

6MWD change from baseline (m) 82.5 ± 74.4 98.0 ± 109.4 0.77
LVEF change from baseline (%) 5.2 ± 8.7 2.9 ± 14.7 0.81
LVEDV change from baseline (mL) �14.3 ± 13.4 �6.7 ± 9.0 0.44
EROA change from baseline (mm2) �9.0 ± 5.6 �1.7 ± 1.5 0.02
Regurgitant volume (mL) �11.3 ± 10.3 �2.7 ± 6.6 0.25
MR Grade at 12 months % (n) 0.04

None or trace 25.0 (2) 0 (0)
1+ 25.0 (2) 0 (0)
2+ 50.0 (4) 50.0 (2)
3+ 0 (0) 50.0 (2)
4+ 0 (0) 0 (0)

6MWD, 6 min walk distance; ACEi/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BMI, body mass index; BP,
blood pressure; EROA, effective regurgitant orifice area; LVEDD, left ventricular end‐diastolic diameter; LVEDV, left ventricular
end‐diastolic volume; LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter; LVESV, left ventricular end sys-
tolic volume; MRA, mineralocorticoid receptor antagonist; MR, mitral regurgitation; NYHA, New York Heart Association; SD, standard
deviation.
Values are ±SD.
*One patient died prior to 12 month follow‐up.

Figure 2 Patients comparing baseline and long‐term follow‐up echocardiography at 7 years post‐procedure demonstrating significantly reduced mitral
regurgitation and improved left ventricular function.
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and MITRA‐FR, the 2 year mortality rate in the medically
treated patients were 46% and 34.2%, respectively, with a
55% mortality at 3 years in medically managed patients in
COAPT.2,19,20,23 Thus, the 40% 6 year mortality in the current
study appears to be favourable. The observation of only re-
sidual mitral regurgitation in survivors at long‐term follow‐
up seems to support the hypothesis that improving mitral re-
gurgitation in FMR may break the vicious cycle of volume
overload that the mitral regurgitation is contributing.

It is difficult to compare the outcomes of patients analysed
in this study with those included in MITRA‐FR and COAPT tri-
als. Patients in this analysis presented with degrees of LV di-
lation and MR severity between those found in those
studies, with larger ventricles on average than in COAPT
and more severe MR than in MITRA‐FR. In both of the
MitraClip studies, the mortality rates remain high even in
the treatment arms, suggesting that there may be a role to
treat FMR earlier in the disease process. This has been ad-
dressed in the recent Carillon studies, and the ongoing CARIL-
LON pivotal study, which include or included patients with 2+
as well as more severe MR.24 The place of newer medical
therapeutics also need to be evaluated in further studies. In
particular, the use of angiotensin receptor‐neprilysin inhibi-
tion was shown to reduce the degree of FMR in patients with
heart failure.25 In our study, 3 of 8 patients were on this drug
at long‐term follow‐up visit. Other medical therapies showed
a tendency for reduced medications with follow‐up.

Limitations

This study is observational in nature, and the data are being
presented to support further and ongoing research. A strong
association with favourable remodelling with drug and device
therapy and subsequent mortality has been previously
demonstrated,7 and the data presented here are consistent
with that finding. However, the numbers are small, and the
comparator groups are historical. Patients who did not re-
ceive a device despite an attempt were not followed. Unlike
patients in the blinded REDUCE FMR trial,6 patients in this co-
hort were not blinded nor is there a concurrent control
group. Nevertheless, these data support moving forward with

the clinically powered CARILLON trial.24 As noted earlier,
changes in medical management could have played a role in
the outcomes.

The comparisons of long‐term echos in this study were
based upon jet area measurements and were not based upon
independent core lab measurements of quantitative parame-
ters, although the core lab measurements were used for as-
sessment of echos at baseline through 12 months.
However, the long‐term echos all demonstrated very mild
amounts of residual MR, in a range in which quantitative
measurements likely are of lesser importance.

Conclusions

The use of Carillon Mitral Contour System in symptomatic pa-
tients with reduced LV function and moderate FMR showed a
tendency towards favourable long‐term outcomes in terms of
mortality, functional status, MR reduction, and LV remodel-
ling as compared with the standard of care strategies from lit-
erature based reporting of outcomes.

These encouraging results support and inform the ongoing
CARILLON21 pivotal trial, which will be evaluating 2 year clin-
ical events, including mortality.
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