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Types of Mitral Regurgitation

Functional Mitral 
Regurgitation 

(FMR)

LV Dysfunction 
Dilated Annulus

(Non-ischemic or ischemic 
dilated cardiomyopathy)

Loss of leaflet coaptation due to:
• Annular enlargement
• Papillary muscle displacement 

causing leaflet tethering/tenting

Etiologies
Etiologies:
▪ Advanced Barlow’s Disease
▪ Fibroelastic deficiency
Leaflet prolapse due to:
▪ Leaflet deformities or lesions
▪ Ruptured/ elongated 

chordae
▪ Papillary muscle rupture

Mitral Regurgitation

Degenerative Mitral 
Regurgitation (DMR)

LA Dysfunction
Dilated Annulus 

(Chronic atrial fibrillation, 
hypertension)

63%1 37%1

Source: 1. Bach, et al. Failure of Guideline Adherence for Intervention in Patients With Severe Mitral Regurgitation, JACC, Vol. 54, No. 9, 2009. 
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Annuloplasty Devices

Carillon* MVRx ARTO Mitral Loop Cerclage

GCV Anchor

Septal Device

Cardioband* Millipede Mitralign* Valcare Valfix AccuCinch

DIRECT ANNULOPLASTY

INDIRECT ANNULOPLASTY* CE mark



Carillon Mitral Contour 
System  Refresher

• Indirect annuloplasty
• Cinching via coronary sinus

• Simple right heart procedure
• 10 Fr delivery catheter

• Easy to use, minimal learning curve

• Less than one hour, conscious sedation

• Positive safety profile

• Preserve all future treatment options

• Positive clinical and commercial results
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Carillon Device Deployment and Cinching
Distal Anchor Deployed

Tension Applied &
Proximal Anchor Deployed

Coronary Sinus Angiogram to 
Define the Landing Zone



REDUCE FMR
The 1st Blinded RCT in Structural Heart

120 pts

87 pts 33 pts
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• 31 Sites in EU, Australia and  

New Zealand

• Intended 3:1 randomization

• Treatment vs. Sham Control

Study Design Key Inclusion

• FMR Grade ≥ 2+ assessed by Site

• NYHA Class ≥ 2

• LVEF 50%

Carillon Device  

Blinded Follow-up

Sham Procedure  

Blinded Follow-up

Primary endpoint (ITT)

Change in regurgitant volume (RV) assessed by a  

blinded echo core lab @ 1 year
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REDUCE FMR Key Efficacy Findings
RV Improvements and Positive LV Remodeling

Primary Endpoint Met

Mean RV Change (ml) @ 1 Year in Paired ITT

Positive Remodeling Demonstrated

Mean LVEDV (ml) Change @ 1 Year in Paired ITT

22%

Improvement

p < 0.05

Increased improvements in As-Treated, Per Protocol and with worse MR

8% worsening

n=55

n=13
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p < 0.05 6.5

n=47

n= 166%

Improvement

4% worsening



REDUCE FMR Key Safety Results  
Positive 1 Year Safety Profile
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• No differences between treatment and control at 1 year

• Further improvements possible with refined patient selection

Treatment  

(N=87)

Control  

(N=33)

1 Year Major Adverse Events

Death 12.6% (11) 15.2% (5)

MI 3.5% (3) 3.0% (1)

Cardiac Perforation 0% (0) 0% (0)

Device Embolism 0% (0) n/a

Surgery or PCI related to device 0% (0) n/a

Total MAE Rate 16.1% (14) 18.2% (6)



REDUCE FMR + TITAN Studies
Favorable Procedural Safety
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TITAN1 TITAN II REDUCE FMR COAPT2 MITRA-FR3

30 Day Procedural Events

Death4 1.9% 2.8% 2.3% 2.3% 3.3%

MI4 0.0% 0.0% 3.5% 1.0% 0.0%

Cardiac Perforation 0.0% 0.0% 0.0% 0.0% 0.0%

Atrial Septal Lesion or Defect 0.0% 0.0% 0.0% 0.7% 2.8%

Device Embolism6 0.0% 0.0% 0.0% 0.3% 1.4%

Transfusion, Surgery, PCI related to device7 0.0% 0.0% 0.0% 5.6% 3.5%

Total Events 1.9% 2.8% 5.8% 9.9% 11.0%

Low rates of CARILLON procedural events across trials and as compared to MitraClip

1 Death in TITAN occurred in a non-implanted patient.

2 Stone et al., NEJM 2019 (including supplementary appendix), Stone TCT 2018

3 Obadiah et al., NEJM 2019 (including supplementary appendix), Stone TCT2018

4 Includes all 30 day deaths.

6 Includes following event types: device, embolism, cardiac embolism,stroke

7 Includes follow event types: transfusion or vascular complication requiring surgery, urgent cardiac surgery, unplanned mitral valve intervention



REDUCE FMR + TITAN Studies of Carillon Device  
Consistent Efficacy Findings Across AllTrials

Significant MR Reductions
Mean RV Change (ml) @ 1 Year, Paired As-Treated

Positive LV Remodeling
Mean LVEDV Reduction (ml) @ 1 Year, Paired-As Treated
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REDUCE FMR
Key Take-Aways

Confidential 13

• The 1st sham-controlled double-blinded trial in valve therapy

• Met primary endpoint in ITT population in blinded trial

• Demonstrated positive LV remodeling

• Showed positive trends in all clinical endpoints

• Procedural and 1 year MAE outcomes demonstrate procedural safety

• Confirmed findings of prior single arm trials

• Validated The CARILLON Study design increasing probability of success



450 pts

300 pts 150 pts

Study Design

• Up to 75 Global Sites

• Randomized 2:1

• Treatment vs. Sham Control

Key Inclusion

• FMR Grade ≥ 2+ assessed by Core Lab

• NYHA Class ≥ 2

• LVEF ≤ 50%

Carillon Device

Blinded Follow-up

Sham Procedure

Blinded Follow-up

Primary endpoint (ITT)

Hierarchical clinical composite of Death, Heart  

failure hospitalization and 6MWT
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MVRx: The ARTO™ System 
Transcatheter Annular Reduction Therapy (TART)

A-P shortening via coronary sinus - LA band
Results from MAVERIC

Clinical Programme
- MAVERIC Trial

- Prospective single-arm study
- 45 patients enrolled

Points to Remember
- Requires jugular and transeptal access
- Good technical success
- No coronary compression thus far
- Not able to implant if pre-existing CRT
- May limit future transeptal procedures 

but case of MitraClip post-Arto has been 
performed 

GCV Anchor

Septal Device



Mitral Loop Cerclage
Circumferential compression of mitral annulus by loop 

through coronary sinus across the interventricular septum

Points to Remember
- Requires transfemoral & transjugular venous access
- Successful implantation in 4 of 5 pts
- Cinching plane toward ventricular septum
- Risk of Coronary compression & AV Block
- Risk of AV block
- Loop passes through TV and may damage TV
- Not able to implant if pre-existing CRT

Regurgitant volume EROA

Septo-lateral diameter Intercommissural diam.

The bridge device straddles the tricuspid valve between the coronary sinus 
and right ventricular septum



Anatomical Limitations of Coronary Sinus Approach 

Video courtesy of Dr Mark Reisman



Latib - Agricola

Combination Therapies with Annuloplasty

Image courtesy of R.S. von 
Bardeleben Image courtesy of von Bardeleben

& Colli

Carillon 
+ 

MitraClip

Rogers et al. JCIN 2018;11:323-324

Cardioband
+ 

MitraClip

Millipede
+ 

MitraClip

Cardioband
+ 

NeoChord



Efficacy

Indirect Direct 

Safety

Learning curve

Risk of coronary injury

Preserve native anatomy

Post-CRT✗

✓✓✓✓
✓✓✓✓✓✓

✓
✓✓

✓✓✓
✓✓

✓ ✓ ✓

✓ ✓ ✓✓✓



Indirect  annuloplasty devices that failed

Monarch

Viacor

RIP

PMVR
X
X

X

WHY?
• Economic constraints 

– Ample P3

– Monarc (Edwards)

• ?Complications
– Viacor

• Anatomical Limitations



Key Messages
• Numerous devices that perform indirect annuloplasty are becoming available

• Carillon is only commercially available device with active trial program, 
including FDA-approved IDE

• Indirect annuloplasty may have some advantages:

– Easier procedure with shorter learning curve

– Less dependent on TEE guidance. 

– Carillon can be performed under LA with transthoracic echo guidance

– Good safety profile

• Carillon Reduce-FMR

– 1st sham-controlled double-blinded trial in valve therapy

– Positive trends in clinical endpoints

Email: alatib@gmail.com



Key Messages
• Challenges of indirect annuloplasty:

– Efficacy less than direct annuloplasty

– Maximal effect not at time of procedure

– Risk of coronary compression

– Contra-indicated in patients with CRT (Except Arto)

– Limited efficacy in advanced FMR patients with severely dilated LV

• Efficacy is probably related to CS anatomy which is variable

• Annuloplasty preserves future percutaneous options

• Patient selection for indirect annuloplasty unclear. May have a larger role in:
– FMR due to LA and annular dilatation (MR associated with Afib.)

– Moderate MR with annular dilatation

– Combined annuloplasty and MitraClip during same procedure

Email: alatib@gmail.com




