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The “Forgotten Valve”







High Mortality in Isolated TV Surgery

JAHA 2017;6:e007597



Surgical Treatment

Tricuspid Valve 
Replacement



Transcatheter Tricuspid Valve Repair Solutions



Abbott TriClip® System Edwards Pascal System



TriClip Case

• 75 Male
• Inferior STEMI 2011 – PCI to 

RCA and LCx
• Further NSTEMI 2011 – CABG 

(LIMA to OM, RIMA to LAD, 
SVG to PDA)
• Atrial fibrillation, CVA
• Severe TR with recurrent 

admissions for heart failure



After 2 clips
After 1 clip





Limitations of TV TEER

• Presence of pacemaker or ICD leads
• Calcification in the grasping area
• Presence of a severe coaptation defect (> 2cm) 
• Severe leaflet defect preventing proper device placement
• Ebstein Anomaly
• Poor TEE images
• Limited reduction of TR post clipping



Tricuspid valve repair with the Cardioband system: two-year outcomes of the 
multicentre, prospective TRI-REPAIR study
Georg Nickenig1*, MD; Marcel Weber1, MD; Robert Schüler1, MD; Jörg Hausleiter2, MD;
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Figure 3. Reduction in septolateral annular diameter and tricuspid regurgitation severity for the Cardioband Tricuspid Valve Reconstruction 
System. A) Significant reduction in end-diastolic septolateral annular diameter. B) Mild/moderate TR was present in 24% of patients at 
baseline, 63% at one year (p=0.007) and 72% at two years (p=0.016). Paired Student’s t-test for continuous variables or the Wilcoxon 
signed-rank test for categorical variables. a Baseline vs discharge (n=22), baseline vs one year (n=17) or baseline vs two years (n=12). 
b Baseline vs discharge (n=20), baseline vs one year (n=15) or baseline vs two years (n=10). The figure reports all available data, i.e., 
unpaired. The p-values were calculated from paired data reflected in the figure legend.
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Figure 4. Clinical and functional improvements from baseline to two years for the Cardioband Tricuspid Valve Reconstruction System. A) New 
York Heart Association (NYHA) functional Class I-II was increased to 82% at two years. B) Oedema grade ++ or worse, classified by pitted 
oedema grades, was reduced to 6% at two years. C) Six-minute walk distance increased to 309±119 metres at two years. D) Kansas City 
Cardiomyopathy Questionnaire (KCCQ) scores increased to 63±26 points at two years. Paired Student’s t-test for continuous variables or the 
Wilcoxon signed-rank test for categorical variables. a Baseline vs one year (n=23) or baseline vs two years (n=17). b Baseline vs one year 
(n=23) or baseline vs two years (n=17). c Baseline vs one year (n=19) or baseline vs two years (n=12). d Baseline vs one year (n=23) or 
baseline vs two years (n=20). The figure reports all available data, i.e., unpaired. The p-values were calculated from paired data reflected in 
the figure legend.
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Figure 3. Reduction in septolateral annular diameter and tricuspid regurgitation severity for the Cardioband Tricuspid Valve Reconstruction 
System. A) Significant reduction in end-diastolic septolateral annular diameter. B) Mild/moderate TR was present in 24% of patients at 
baseline, 63% at one year (p=0.007) and 72% at two years (p=0.016). Paired Student’s t-test for continuous variables or the Wilcoxon 
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Two-year outcomes of the TRI-REPAIR study

estimates were 73±8% (Figure 5A) and 56±10% (Figure 5B), respec-
tively. At two years, there were eight deaths. Six non-cardiovascular 
deaths beyond 30 days included one patient due to progression of 
chronic lymphatic leukaemia, one patient due to respiratory failure, 
one patient due to worsening of chronic renal failure, one patient 
who died due to multifactorial reasons primarily pulmonary artery 

embolism, one patient due to acute renal failure, and one patient due 
to metastatic liver cancer. Two patients underwent device-related 
secondary interventions as a result of worsening TR. There were 
other late events that were not related to the device or procedure: 
one patient experienced a late non-disabling ischaemic stroke, three 
patients experienced severe bleeding complications, one patient 
experienced conduction system disturbance and one patient experi-
enced ventricular tachycardia. There were no late instances of renal 
failure or coronary complications. Throughout follow-up, there were 
no myocardial infarctions and no device-related cardiac surgery.

Discussion
At the two-year follow-up, the TRI-REPAIR study shows signi-
ficant reduction of tricuspid annular dimension and TR, leading 
to amelioration of HF symptoms and increased exercise capacity 
with one- and two-year survival rates of 83% and 73%, respec-
tively. This contrasts with two-year survival rates closer to 60% 
for medical therapy in prior reports6,16,17.

Although we have strong epidemiological evidence that TR 
is related to poor outcomes, data which prove that dedicated 
TR reduction leads to improved prognosis are lacking. Taramasso 
et al compared outcomes of medical therapy and device therapy by 
propensity matching a control cohort formed from two large retro-
spective registries enrolling medically managed patients with mod-
erate or greater TR with patients enrolled in the TriValve registry16. 
Transcatheter tricuspid valve intervention was associated with greater 
survival and freedom from HF rehospitalisation which remained 
significant after adjusting for sex, NYHA class, right ventricular 
dysfunction, and atrial fibrillation (HR 0.39, 95% CI: 0.26 to 0.59; 
p<0.0001) and after further adjustment for mitral regurgitation and 
pacemaker/defibrillator (HR 0.35, 95% CI: 0.23 to 0.54; p<0.0001).

Annular flattening and dilatation are thought to be the earliest 
morphologic changes associated with TR, with ventricular dilatation 
occurring late or in association with significant pulmonary hyperten-
sion18. Annular dilatation has been directly correlated with TR severity 
and progression of disease19. Thus, annuloplasty has long been con-
sidered the treatment of choice for most patients with severe, sympto-
matic TR, reserving replacement for patients presenting with severe 
right ventricular dilatation and marked tricuspid leaflet tethering20. 
Given the high in-hospital mortality associated with isolated TR sur-
gery, transcatheter options, particularly one that mimics the preferred 
surgical procedure, would have a clear rationale. In-hospital mortal-
ity in the TRI-REPAIR study was 3.3%, which compares favour-
ably with the 8.8% in-hospital mortality for isolated TR surgery7,12.

There remain limitations to annular repair. Severe anatomical leaf-
let defects preclude sole annular repair and may leave replacement as 
the only treatment choice. The RCA is located in anatomic vicinity to 
the tricuspid annulus and remains an important screening considera-
tion, but fortunately too close proximity of the artery to the annulus 
is an uncommon cause for excluding patients from this procedure12.

Unfortunately, many TR patients receive appropriate clinical 
attention too late in the natural history of the disease. Many patients 
suffer from severe and progressive right heart dilatation, leading to 

Table 3. Adverse events, number of patients1.

One year  
n (%)

Two years  
n (%)

Death 5 (16.7)a 8 (26.7)a

Stroke 1 (3.3) 2 (6.7)

Myocardial infarction 0 0

Bleeding complications (extensive, life-threatening, 
or fatal)* 6 (20.0)b 7 (23.3)

Coronary complications 3 (10.0) 3 (10.0)

Device-related secondary intervention 1 (3.3)b 2 (6.7)

Device-related cardiac surgery 0 0

Renal failure¶ 1 (3.3) 1 (3.3)

Conduction system disturbance 1 (3.3) 2 (6.7)

Ventricular arrhythmia 3 (10.0) 3 (10.0)
1 CEC adjudicated. *Defined according to MVARC guidelines. ¶ Occurrence in the first week 
post procedure and required haemodialysis. a None of the deaths between 30 days and two 
years were cardiovascular-related. b Patient experienced bleeding after secondary 
intervention.
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Figure 5. Two-year survival and hospitalisation Kaplan-Meier 
curves. A) The KM estimate of survival at two years was 73%. 
B) The KM estimate of freedom from heart failure hospitalisation at 
two years was 56%.



Trialign Transcatheter Tricuspid Repair



Trialign Procedure

Baseline Post

No Coaptation Coaptation 



Early Feasibility Study of a Transcatheter Tricuspid Valve 
Annuloplasty: SCOUT Trial 30-Day Results



K-Clip®：A Novel Designed Annuloplasty Device



Clinical Case
Preoperative Baseline

Postoperative Analysis

Vcw / mm 21
EROA / cm2 2.2
RVol/ml 214
Annulus Area / cm2 18.9

Vcw/mm 1
EROA / cm2 0.05
RVol/ml 5
Annulus Area / cm2 11.2



Baseline Characteristics, procedural and safety results
Characteristics N=96

Age, mean 
(years) 72.53±4.5

Sex, female (%) 37(38.54)
EuroScore II,% 5.31±0.94
Etiology 100% FTR
NYHA III/IV (%) 68.75%
KCCQ Score 66.04±17.36
LVEF 61.93±6.77% 

Endpoint (n,%) 30 Day (n=96) 6 months (n=96)
All-cause mortality 0 2.08%

CV death 0 2.08%
MACCE 1 4.17%

Variables N=96
Device success(n,%) 94(97.91)
Operation time(min) 59.89±20.05

Fluoroscopic 
time(min)

23.84±8.17

Implanted Clips N=94
1 Clip 51(54%)
2 Clips 40(43%)
3 Clips 3(3%)

Sum:140 Clips, Average: 1.49 Clips

TCT - Oct. 2023 - Cheung



Efficacy Results of 180-day-Follow up

baseline 30 days 180 days
Severe/Massive/Torrential 100% 25,32% 17,72%
Moderate 0 53,16% 45,57%
Trace/Mild 0 21,52% 36,71%
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Functional and QoL results of 180-day-Follow up
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Transcatheter Valve implantation for TR

• Concepts of Transcatheter Tricuspid Valve 
ReplacementFig 13



TRICVALVE® TRANSCATHETER BICAVAL VALVES SYSTEM
§Patients with hemodynamically relevant tricuspid 

insufficiency and caval reflux who are high surgical risk

§Two self-expanding biological valves SVC and IVC

§Does not disturb the native tricuspid valve

TricValve



§ FIM CAVI 08/2010 - Inclusion 08/2010 – 02/2017, 7 centers (6 in Germany, 1 in Canada)

§ 100% compassionate cases („last resort“, non-randomized treatment with ethical consent)

16.5±4.1 16.5±4.9

13.0±1.83 13.7±2.95

2.5±0.7 2.8±0.9

31.4±6.4 21.1±4.5

21.7±4.3 17.6±3.3

29.5±7.1 35.5±13.1

21.2±6.0 17.0±3.9

NYHA-Class
Baseline   vs.   Discharge

Results



EVOQUE Tricuspid Valve

CAUTION:  Investigational device, limited by Federal (or United States) law to investigational use. 

Unique valve design engages 
leaflets, chords, and annulus to 
achieve secure placement

Atraumatic anchors 
compatible with pre-existing leads and 
respect the native anatomy

Conforming frame 
designed to achieve optimal retention force 

Multiple sizes 
offer treatment for a broad range 
of tricuspid pathologies and anatomies



Exposed in LV Grasping Leaflet capture



Pre Post







Jenscare Transjugular LuX Tricuspid Valve 
Implant System

• Nitinol, self expanding tri-leaflets valve
• Anchoring with 2 subannular tabs (ant and post) and a septal anchor
• Multi-plane steerable 32F transjugular delivery catheter
• TEE and fluoroscopic guidance
• No pacing required for implant
• 6 valve sizes (mean annular - 35 - 65mm)



Transjugular LuX TTVR System







Baseline Characteristics and Acute Outcomes N=96
% or mean±SD

Age 71.35±8.77

Female 71.88%

TR grade

Severe 38.54%

Massive 27.08%

Torrential 34.38%

NYHA III-IV 100%

Prior left heart valve 
surgery/intervention 49.51%

Pacemaker/ ICD

Atrial fibrillation 83.52%

Ascites 8.89%

Stroke 3.30%

mPAP (mmHg) 20.19±6.85

TAPSE（mm） 17.91±3.68

RVFAC (%) 46.42±8.70

LVEF (%) 63.22±6.49

6 MWT (m) 309.91±95.70

N=96
% or mean±SD

Aetiology

Primary 13.54%

Secondary 86.46%

Surgery Risk Assessment

STS score (MV replacement), % 9.09±4.06

EuroScore II, % 4.46±5.57

CRS score 7.51±1.58

Acute clinical outcomes (FAS= 96)

Device success 98.91%

Procedure success 98.91%

Device time (min) 35.56±20.82

TCT 2023 - Junbo Ge



CEC-adjudicated Composite Events
30 days 

N = 93*

All-cause Death 1 (1.08%)

Myocardial Infarction 0 (0.00%)

Stroke 0 (0.00%)

Conversion to surgical tricuspid valve replacement or tricuspid valvuloplasty 0 (0.00%)

New onset III°AVB requiring permanent pacemaker implantation 1 (1.04%)

Requirement of ECMO or IABP 0 (0.00%)

Long-term Mechanical Ventilation (>72 hours) 0 (0.00%)

Acute Renal Failure 1 (1.04%)

Acute Liver Failure 1 (1.04%)

Severe Perivalvar Leakage 1 (1.08%)

Cardiovascular Injury Requiring surgical intervention (heart perforation, vascular 
injury) 0 (0.00%)

Life-threatening Massive Bleeding 0 (0.00%)

Composite event rate 4 (4.30%)

Clinical outcomes at 30 days 

* 2 patients refused follow-up after discharge, and 1 patient met the exclusion criteria. 



CEC-adjudicated MAEs
30 days 

N = 96
➢ III°AVB or requiring permanent pacemaker 2 (2.08%)

➢ Severe ventricular arrhythmias 0 (0.00%)

➢ Pulmonary infarction 0 (0.00%)

➢ Renal failure 1 (1.04%)

➢ Respiratory failure 0 (0.00%)

➢ Liver failure 0 (0.00%)

➢ Myocardial infarction 0 (0.00%)

➢ Right cardiac perforation or septal perforation 0 (0.00%)

➢ Thoracic bleeding 0 (0.00%)

➢ Intra-operational conversion to surgical tricuspid valve replacement or tricuspid valvuloplasty 1 (1.04%)

➢ Endocarditis 0 (0.00%)

➢ Stroke 0 (0.00%)

➢ Injury of blood vessel 0 (0.00%)

➢ Device related complications 0 (0.00%)

➢ Valve prosthesis dislocation 0 (0.00%)

➢ Perivalvular leak 2 (2.08%)

➢ Valve stent fracture 0 (0.00%)

Composite MAE rate 5 (5.21%)

Clinical outcomes at 30 days 



Echocardiographic asseesment at 30 days 
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Clinical, functional and quality-of-life changes 
from baseline to 30 days

At 1 year, 34.78% patients had ≥20 points KCCQ improvement,  26.09% patients had 10-19 points KCCQ improvement.
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Conclusions

• High prevalence of TR 
• TR is not a benign disease, associated with significant 

morbidities and mortality
• Isolated TR surgery may be beneficial if performed earlier
• Unmet need for less invasive therapy for TR
• Transcatheter tricuspid repair/replacement are good option 

for high-risk surgical candidate


