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What can cause TR? 

• Primary TR 
- Ebstein 

- Myxomatous 

- Carcinoid disease 

- Endomyocardial fibrosis 

- Rheumatic 

- Endocarditis 

- Traumatic 

- Pacemaker leads 

 

• Secondary TR 
- Left heart failure 

- Pulmonary 

hypertension 

- RV dysfunction 

- Atrial fibrillation 

 

> 90%  

of all TR 



Population TR severity TR prevalence FU  Ref 

MitraClip Moderate to severe 11 % 1 y Ohno (2014) 

TAVI Moderate to severe 21 % 30 d Barbanti (2015) 

TAVI  Moderate to severe 16 % 1 y Lindman (2015) 

SAVR Mild to severe 21 % 4,4 y Jeong (2014) 

Valvuloplasty for 

rheumatic MS 

Moderate to severe 19 % 12 y Lee, S.-P (2013) 

MV surgery for 

degenerative MV 

disease 

Severe 6 % > 5 y Rajbanshi 

(2014) 

MV repair in dilated 

cardiomyopathy 

Moderate to severe 20 % 7.3 y De Bonis (2015) 

Incidence of moderate to severe TR in different patient populations 

Latib CRT 2017 



Anatomic changes in functional TR 

 The septum id fixed • The septum is in a fixed 

position 

• Therefore, the annulus 

dilates on the side of the 

free wall 

 

 

 

Dreyfus et al., Ann Thorac Surg (2005) 

• RV dilation causes further annular dilation  

• This causes increasing TR and worsened RV overload and dilatation 
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Clinical Symptoms 

• Low output 

- Fatigue, reduced exercise capacity 

• Congestion 

- Peripheral edema 

- Ascites, hepatomegaly, cirrhosis 

- Low appetite, cachexia 

- Atrial fibrillation 
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What is the prognosis  

of tricuspid insufficiency? 
Wie ist die Prognose der 

Trikuspidalklappeninsuffizienz? 



Kaplan–Meier curves for overall survival.  

Stephanie Neuhold et al. Eur Heart J 2013;34:844-852 

Published on behalf of the European Society of Cardiology. All rights reserved. ©  The Author 

2013. For permissions please email: journals.permissions@oup.com 

Abstract 

Aims Tricuspid regurgitation (TR) is common in patients with chronic heart failure (CHF) 

but its prognostic impact is unclear. 

Methods and results A total of 576 consecutive patients with CHF were prospectively 

included. The impact of moderate and severe (significant) TR on the combined endpoint 

death/heart transplantation/left ventricular-assist device implantation was assessed. 

Patients were followed for 5.8 ± 4.2 (maximum 14.4) years. Kaplan–Meier analysis showed 

a worse outcome of patients with significant TR (P < 0.0001). By multivariable analysis, 

amino terminal pro B-type natriuretic peptide (NT-proBNP) (P = 0.0028), systolic left 

ventricular function (LVF) (P = 0.0014), serum sodium, NYHA functional class, systolic 

blood pressure, right atrial size (all P = 0.0001), but not TR were significantly related with 

the outcome. However, as soon as the strong interaction between TR and LVF was 

included in the model, significant TR determined outcome as well (P = 0.0059). Therefore, 

in a second analysis patients were stratified for LVF. In patients with mildly or moderately 

impaired LVF, TR was significantly related with the outcome (HR: 1.368, CI: 1.070–1.748, P 

= 0.0125), whereas in patients with severely depressed LVF it was not (P = 0.1401). As a 

proof of concept, we additionally stratified patients according to serum NT-proBNP 

concentrations. In patients with NT-proBNP concentrations below the median (≤280 

fmol/mL), TR was related with the outcome (HR: 2.512, CI: 1.127–5.597, P = 0.0242) but it 

was not in patients with NT-proBNP concentrations above the median (P = 0.3935). 

Conclusion The prognostic impact of TR depends on the severity of CHF. While TR was 

significantly related with excess mortality in mild to moderate CHF, it provided no additive 

value in advanced disease when compared with established risk factors. 

• 576 patients with left heart failure 

• Worse outcome of patients with  

significant TR (P < 0.0001) 

 

• FU 5.8 ± 4.2 years  

• Endpoint death/heart 

transplantation/left ventricular-

assist device 

Figure 1 Kaplan–Meier curves for overall 

survival. Numbers at the bottom indicate 

the number of patients at risk and the 

number of events at each follow-up year. 

• (max 14.4)  

No/mild TR 

Moderate/severe TR 

TR in chronic left heart failure 

Bei Linksherzinsuffizienz verschlechtert  

eine Trikuspidalinsuffizienz die Prognose 



CardioVascular Center Frankfurt CVC  

TR is not reversible 

• Usually, it does not go away after mitral valve repair! 

• McCarthy, ATS  2004: 

- 5589 pts with mitral valve repair only 

- 16% had severe TR before  

- At discharge, 62 % still had severe TR 

 

 

 
S Bolling, CRT 2017 
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Transcatheter Tricuspid Repair and Replacement 

• MitraClip for tricuspid 

• FORMA (Spacer) 

• Mistral 

• Mitralign  Trialign 

• 4Tech 

• TRAIPTA 

• Millipede 

• Cardioband TR 

• Caval valve implants 

• Valve in surgical valve 

• Tricuspid valve implantation 
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Mitraclip 
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Before Clip 2 months after Clip 

Hemb 

CVC Frankfurt 
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Edwards FORMA Repair System 

 
FORMA System 
1. Spacer 

- Positioned into the tricuspid valve orifice 

- Creates a platform for native leaflet coaptation 

2. Rail 
- Tracks Spacer into position 

- Distally and proximally anchored 

Anchor in RV 

Radiopaque markers of the coaptation system N = 18 
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Mistral Device 

Old Version Mistral 

• Trans-septal approach 

• 12 Fr Delivery System 

 

- Chords from Posterior Leaflet 

- Chords from Anterior Leaflet 

Mode of Action -  

Start to turn Grasped Chords! 
1 2 3 4 

• Average MVA reduction 

(With single implant): -

25%. 

• Average skin-to-skin 

time: 50 min. 

FIM tricuspid done 
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Transcatheter Tricuspid Repair and Replacement 

• MitraClip for tricuspid 

• FORMA (Spacer) 

• Mistral 

• Mitralign  Trialign 

• 4Tech 

• TRAIPTA 

• Millipede 

• Cardioband TR 

• Caval valve implants 

• Valve in surgical valve 

• Tricuspid valve implantation 
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• 1st Pledget is placed at 
the Antero-Posterior 
Commissure 

• 2nd pledget is placed 
at the Septo-Posterior 
Commissure 

• Pledgets are cinched 
together obliterating 
the posterior leaflet 

Kay converts an incompetent tricuspid 
into a competent bicuspid valve 

Trialign can replicate a surgical procedure (Kay 

Procedure) without the need for surgery   

Pictures of an open 

surgical Kay 

Trialign can replicate 
without surgery  

Trialign replicates a surgical procedure (Kay Procedure) 
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• Polyester Pledget: 3mm 

x 7.5mm  

• Braided 2.0 Polyester 

Suture  

• Stainless Steel Lock 

- 2mm x  2.5mm x 4.5mm 

 
 

19 

Trialign 

• Implant 

Characteristics 

- Small 

footprint 

- Implanted 

in annulus 

- Ability to 

customize 

location 

- Ability to 

customize 

plication 

distance 
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F. Maisano 

FIH successfully implanted in July 2014 

4Tech TriCinch  



Echocardiographic results 
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4 TECH (TriCinch) New Anchoring Mechanisms 

TriCinch Gen 1.5 TriCinch Coil Tip • Nitinol wire transforms 

into hemi-spiral  

shaped anchoring 

system 

• Deployed in the 

pericardial space 

• Independent from RCA 

location 

• Integrated hemostasis 

element (optimal 

sealing) 
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TRAIPTA 

• RAA puncture  

pericardial access 

• Circumferential implant 

delivered along 

atrioventricular groove 

• Tension adjusted 

• RAA puncture hole closed 

with an umbrella closure 

device 

Transatrial intrapericardial tricuspid annuloplasty. Rogers T, Ratnayaka K, et al. J Am Coll Cardiol Intv 2015;8:483-91 
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#1 Placement             #2 Annular Attachment             #3 Annular Reduction             

Tricuspid Millipede 

• Transfemoral delivery 

• Semi-rigid adjustable complete ring 

• FIM N=2 (together with mitral) 
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Cardioband TR 

(Valtech) 
• Annuloplasty technique CE marked for MV 

• Same implant and delivery system 

Ton-Nu, T.-T. et al. Circulation 2006;114:143-149 

FIM 6/2016 
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Transcatheter Tricuspid Repair and Replacement 

• MitraClip for tricuspid 

• FORMA (Spacer) 

• Mistral 

• Mitralign  Trialign 

• 4Tech 

• TRAIPTA 

• Millipede 

• Cardioband TR 

• Caval valve implants 

• Valve in surgical valve 

• Tricuspid valve implantation 

 

 



Transcatheter   C A V I  

 

 
 

• Implantation of self-expandable 

valve in SVC 

 

• Implantation of self-expandable 

valve in IVC at cavo-atrial 

junction above hepatic vein 

inflow 

 

 

 
 Alexander Lauten, Hans R. Figulla 
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NaviGate  
 Tricuspid Valve Stent and Delivery Systems 

 
• Nitinol Tapered Stent  

• Height 21 mm 

• Annular Winglets and leaflet anchors  

• Sizes=  36  40, 44, 48, 52 mm. 

• Xenogeneic Pericardium  

Samir Kapadia 



Navigate tricuspid valve implantation  

1st patient in Frankfurt 

after before 
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Kathetertherapie der 

Trikuspidalklappeninsuffizienz 

• Wie bei der Mitralklappe werden wir verschiedene 

Techniken zur Trikuspidalklappen-Rekonstruktion 

benötigen, evt in Kombination 

• Die Bildgebung ist noch komplizierter als bei der 

Mitralklappe 

• Die ersten Ergebnisse sind vielversprechend 

• Neurdings ist auch eine Trikuspidalklappen-Implantation 

möglich 

 

 

 
 

Tricuspid valve interventions 

• Like in the mitral position, we will need different repair 

techniques for different morphologies, may be in 

combination 

• Imaging is even more complex and even more important 

than in most other interventions including mitral 

• Current results of repair are promising but not optimal yet 

• Tricuspid valve implantation has taken off 

 

 

 
 



Thank you! 


