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The vast majority 
of TR patients 
suffer from 
secondary TR







The red arrows show the direction of 
dilation of atrial wall, annulus, and 
leaflets in the setting of idiopathic 
(atrial remodeling) secondary TR. 

The blue arrows show the direction of 
dilation of lateral and septal RV walls, 
papillary muscles, and leaflets in the 
setting of secondary TR related to 
pulmonary hypertension (RV 
remodeling). 

In numerous etiologies for secondary 
TR, these processes can be combined. 
LPA, left pulmonary artery; MPA, main 
pulmonary artery; RPA, right 
pulmonary artery.

Tricuspid Annular Dilation



RA and RV remodeling

RV remodeling of pulmonary hypertension
RV dilates mostly in the middle area, 
resulting in spherical appearance of the RV

Atrial remodeling



TR prevalence increases with age

• Toplisky et al. report prevelence of ≥ moderate TR in 1.1% of patients aged 65-74 years and it increases to 4% in patients 
aged ≥ 75years

• The prevalence is strongly correlated with age, and higher in women than men
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Toplisky Y et al. Burden of Tricuspid Regurgitation in Patients Diagnosed in the Community Setting. J Am Coll Cardiol Img 2019

Community-based study (US) – White Population



Prevalence of moderate-severe TR 
based on echo in tertiary hospitals
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Moderate Severe

 Severe TR prevalence varies from 0.9% to 4.3%
≥ Moderate TR ranges from 5% to 15.5%



10%-41% of TAVI patients suffer
from ≥ moderate TR
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Bernard, Samuel, and Judy Hung. heartjnl-2019

TR Survival under OMT
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Proposed expansion of the “severe” TR grade

Hahn, R. et al European Heart Journal - Cardiovascular Imaging (2017) 18, 1342–1343; Santoro, C. et al, European Heart Journal - Cardiovascular Imaging (2019) 0, 1–8



Mid-term impact for Severe, Massive and 
Torrential TR

Freedom from CV death Freedom from CV death
& re-hospitalization

Santoro, C. et al, European Heart Journal - Cardiovascular Imaging (2019) 0, 1–8

Patients with massive/torrential TR and patients with comorbidities, especially pulmonary 
disease, were identified as populations at higher risk of death and readmission for HF 
compared to patients with severe TR.





Tricuspid annular 
dilatation may be a 
more reliable 
indicator of tricuspid 
valve pathology 
compared with TR…

Dreyfus, Gilles D., et al. 2005



Functional TR and Left Heart Surgery
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Diagnosis and Treatment

Severe or TorrentialMild or moderateNone or Mild

Annular diameter:
>40mm

Annular diameter:
>40mm

Annular diameter:
<40mm

Coaptation mode: No coaptation, 
with or without tethering of >8 
mm below the annular plane

Coaptation mode: Abnormal 
(edge-to-edge), with or without 
tethering of <8 mm below the 

annular plane

Coaptation mode: Normal 
(body-to-body), with no leaflet 

tethering

Dreyfus G et al. Functional Tricuspid Regurgitation. J Am Coll Cardiol 2015;65:2331–6

Stage 1 Stage 2 Stage 3



Functional TR and Left Heart Surgery
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Diagnosis and Treatment

Severe or TorrentialMild or moderateNone or Mild

Annular diameter:
>40mm

Annular diameter:
>40mm

Annular diameter:
<40mm

Coaptation mode: No coaptation, 
with or without tethering of >8 
mm below the annular plane

Coaptation mode: Abnormal 
(edge-to-edge), with or without 
tethering of <8 mm below the 

annular plane

Coaptation mode: Normal 
(body-to-body), with no leaflet 

tethering

Concomitant tricuspid 
valve annuloplasty and leaftet
augmentation (if tethering is 

present), Replacement

Concomitant tricuspid 
annuloplasty is recommended

OMT
NO Surgery

Dreyfus G et al. Functional Tricuspid Regurgitation. J Am Coll Cardiol 2015;65:2331–6

Stage 1 Stage 2 Stage 3



Treatment of the MV alone does 
not correct Tricuspid Dilatation nor 
does it affect preload or RV 
function…

Treatment of the MV alone does 
not correct Tricuspid Dilatation nor 
does it affect preload or RV 
function…



The mean TR grade increased in group 1 and decreased in group 2

Once the annulus is dilated, its size 
cannot spontaneously return to 
normal…not just “go away” after 
MVr… and may continue to dilate

Once the annulus is dilated, its size 
cannot spontaneously return to 
normal…not just “go away” after 
MVr… and may continue to dilate

Dreyfus, Gilles D., et al. The Annals of thoracic surgery 2005: 127-132.



Long-term Improvement of Freedom from 
moderate TR

Chikwe, Joanna, et al. " Journal of the American College of Cardiology 65.18 (2015): 1931-1938.



Recovery of RV function

Chikwe, Joanna, et al. Journal of the American College of Cardiology 65.18 (2015): 1931-1938.



Other benefits…

Chikwe, Joanna, et al. "Impact of concomitant tricuspid annuloplasty on tricuspid regurgitation, right ventricular function, and pulmonary artery hypertension after repair of 
mitral valve prolapse." Journal of the American College of Cardiology 65.18 (2015): 1931-1938.



 Safe

 Effective

 Improve long-term right-sided remodeling

Chikwe, Joanna, et al. Journal of the American College of Cardiology 65.18 (2015): 1931-1938.

Treatment of moderate TR or tricuspid 
annular dilation at the time of MV repair



SURGICAL THERAPY
• Since 1960’s several annuloplasty methods have 
been described including suture, band and rings.

• TV Repair with annuloplasty is the first-choice 
treatment for functional TR in patients with 
suitable anatomy, preserved RV function and 
acceptable surgical risk.

• TV repair is associated with lower perioperative 
mortality as compared to valve replacement in 
patients with functional TR. 



De Vega Annuloplasty

Calafiore, Antonio Maria, and Michele Di Mauro. "Tricuspid Valve Repair—Indications and Techniques: Suture 
Annuloplasty and Band Annuloplasty." Operative Techniques in Thoracic and Cardiovascular Surgery 16.2 
(2011): 86-96. 



Kay Annuloplasty



TV Annuloplasty



Replacement should be 
considered when valve repair is 
technically not feasible or 
predictably not durable because 
of presence of severe RV 
dilatation with significant leaflet 
tethering and papillary muscle 
dislocation

TV Replacement…rare to be used



Surgical vs Medical for Isolated TR



In-Hospital Mortality after TV surgery

In-hospital 
mortality for 
isolated TR 
was 8.8%, 
being stable 
over the past 
10 years 



Patients arrive…

Poor outcomes are due to the late referral of patients, which is 
linked to comorbidities such as coagulopathy, hepatic failure, 
kidney impairment and end-stage chronic HF

 Volume overload is well-
tolerated for years

No reduction in RV 
function

 Few symptoms

LATE … TOO LATE!





Given the overall increase in life
expectancy and expanding transcatheter
intervention for MV disease in patients at
increased surgical risk,
the number of patients
presenting with
relevant TR
will increase in the
coming decades





TriValve International Registry for Isolated TR

Taramasso 2019



Actuarial Survival after TTVI

Taramasso et al, Journal of the American College of Cardiology 2019



TTVI vs Medical Therapy

Taramasso et al, Journal of the American College of Cardiology 2019



Transcatheter solutions

 Steerability of the catheters
 Retrievable/repositionable devices
 Transfemoral approach



LEAFLET DEVICES

MitraClip System PASCAL System



MitraClip…TriClip





• The TRILUMINATE Pivotal is the first RCT in symptomatic 
patients with at least severe TR; it shows that T-TEER is safe and 
effective in reducing TR and improving QoL at 1 year

• Despite a significant TR reduction, only a modest decrease in 
diuretic dosage was recorded over 1 year. 

• This might suggest that, in more advanced disease, percutaneous 
treatment no longer impacts prognosis.







NaviGate

Pericardial
Self-expandable
Nitinol Frame
Sizes 36-54 mm
42Fr Sheath
TransJugular or 
Transatrial



NaviGate







Gate 



Transfemoral Trans-septal Valve
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Representative case I
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• 78, Male , Severe TR
• CAD , anemia , Afib
• NYHA III 
• sPAP 46,PVR 1 wood, 
• PM Lead

• No TR
• No elevated gradient

• No TR
• Mean gradient 2 mmHg

video video

ACUTE RESULTS 1-YEAR FOLLOW UPBASELINE



Significant reduction in RV volume at 3M post Cardiovalve

Before After
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TR Stages and suitable transcatheter treatments



TV the forgotten valve… No More

The evidence on long-term negative effect of 
unrepaired severe TR

The unfavorable outcomes of “late” treated TR 
are clear

Always indicated to treat moderate or dilated 
TV during Left Heart Surgery



 Transcath Repair devices have specific 
advantage of native valve structure

preservation
Transcath Replacement devices are more 
reproducibile, easier learning curve and complete 
elimination of TR 
However, the risk of afterload mismatch, valve 
thrombosis and the long-term impact on RV 
function are potential limitations of replacement



CONCLUSIONS

 Different approaches might be applicable for different 
TR stages

However, the risk of afterload mismatch, valve 
thrombosis and the long-term impact on RV function 
are potential limitations of replacement


