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Structural Options for the 
“No-Option” patient

Konstantinos V. Voudris MD, PhD
Abbott Northwestern – Minneapolis Heart Institute
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Disclosure

• No disclosure

Case 1

• 81-yo male with shortness of breath and dyspnea on exertion
• Prior TF-TAVR with 26mm S3 (6 years ago) – well functioning valve
• Persistent AF s/p AVN ablation and SC-PPM placement
• Mild non-obstructive coronary artery disease
• Hypertension
• Diabetes

• NYHA III
• GDMT – Metoprolol, Lisinopril and Empagliflozin
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Cardiac CTA
Severe Mitral Annular Calcification

MAC Score 7

5

6

3 of 48



MHIF Cardiovascular Grand Rounds | 
April 29, 2024

Mitral regurgitation - Epidemiology

• Mitral regurgitation is the second 
most common heart valve 
disease in Europe and US

• Its prevalence increases with age, 
with a prevalence rate of up to 
9% in individuals >75 years old

• Surgery has been shown to 
improve survival in patients with 
symptomatic primary mitral 
regurgitation

El Sabbagh, A. et al. J Am Coll Cardiol Img. 2018;11(4):628
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Mitral regurgitation - Outcomes

Grigioni F. et al. J Am Coll Cardiol, 34 (1999), pp. 2078-2085
El Sabbagh A. et al. J Am Coll Cardiol Img. 2018;11(4):628

Recommendations for intervention
2020 ACC/AHA Guideline for the Management of Patients With 
Valvular Heart Disease

Catherine M. Otto Circulation. Volume: 143, Issue: 5, Pages: e72-e227
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Mitral TEER – Anatomical Complexity

Hausleiter J et al. EuroIntervention. 2023;18(12):957-76.

 Up to 50% of patients with MR and an indication for intervention may not receive treatment

Mirabel M et al. Eur Heart J, Volume 28, Issue 11, June 2007, Pages 1358–1365
Lung B. Circulation, Volume: 140, Issue: 14, October 2019 Pages: 1156-1169
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Characteristics of patients denied surgery

Mirabel M et al. Eur Heart J, Volume 28, Issue 11, June 2007, Pages 1358–1365

Mitral Annular Calcification (MAC)

• Prevalence varies between 5 - 42%
• Most commonly occurs in the posterior aspect of the annulus
• Only 1% of patients with MAC exhibit circumferential calcification of

the annulus
• Severe MAC can lead to mitral stenosis and/or regurgitation
• Technical difficulties for surgery:

• Decalcification (Resect)
• Intra-atrial device position
• Extracardiac valved conduit

Higher risk of complications(Respect)
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Respect vs Resect

Dedicated Transcatheter Mitral Valve Devices
Tendyne Intrepid Cephea Evoque

Sapien M3

Cardiovalve

AltaValve

HighLife

Saturn
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Tendyne TMVR System Overview
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Roll-in Subjects Up to 2 Per site – 1 year Follow up (n=100)

Rogers J., Thouravi V. TCT 2023

Roll-in Subjects Up to 2 Per site – 1 year Follow up (n=100)

Rogers J., Thouravi V. TCT 2023
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Severe MAC Cohort 30-Day (n=103)

Rogers J., Thouravi V. TCT 2023

Rogers J., Thouravi V. TCT 2023

Severe MAC Cohort 30-Day (n=103)
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Intrepid – Mitral Valve

• Prosthesis anchors with multiple small cleats 
and a cork-like effect 

• Symmetrical design eliminates need for 
rotational alignment

• Circular inner stent houses a 27 mm tri-leaflet 
bovine pericardial valve

• 42 & 48 mm valves in clinical evaluation; 54 
mm valve in development

• ~35 Fr delivery system; 29 Fr coming

Transfemoral Transeptal INTREPID TMVR EFS 1-year (N=33)

Early and Late Clinical Outcomes

Mitral Regurgitation

NYHA Functional 
Class

Firas Zahr et al. J Am Coll Cardiol Intv 2023; 16:2868-2879.
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Apollo Pivotal Trial

Cephea

• Dual disk circular design
• Anchoring via compression and radial forces
• Low-profile delivery system (Trans-septal 36-38 Fr)
• Fully repositionable and recapturable

25

26

13 of 48



MHIF Cardiovascular Grand Rounds | 
April 29, 2024

Yadav P. TVT 2023

Yadav P. TVT 2023
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• Supra-annular with minimally protrusion 
(<15 mm) into the left ventricle  

• Anchoring is achieved by a nitinol frame 
that is oversized relative to the left atrium

• Orientation parallel to the outflow tract 
• Transapical or transseptal approaches
• No interaction with the native mitral 

valve or apparatus

AltaValve

AltaValve
First Percutaneous AltaValve

May 2023
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First 2 patients in MAC arm were treated with SAPIEN XT, all subsequent patients were treated with SAPIEN 3 valves 

Guerrero M. TVT 2019

MITRAL Trial

1-year 5-year

Guerrero M. et al. J Am Coll Cardiol Intv 2021; 14:830-845.
Guerrero M. et al. J Am Coll Cardiol Intv 2023; 16:2211-2227.

MAC arm
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Mitral Annular Calcification Score

Guerrero M et al. J Am Coll Cardiol Img 2020; 13:1945-1957.

Mitral Annular Calcification Score

Guerrero M et al. J Am Coll Cardiol Img 2020; 13:1945-1957.

33

34

17 of 48



MHIF Cardiovascular Grand Rounds | 
April 29, 2024

MITRAL II Pivotal Trial
Mitral Implantation of TRAnscatheter vaLves
Severe MAC with Severe mitral stenosis or 3+mitral regurgitation 

or mixed ≥ moderated stenosis and ≥ moderate regurgitation. 

Valve-in-MAC
N=110

Natural History
N=100

Transeptal
MAC score ≥ 7

Primary End Point 
All Cause Morality and Hospitalization for Heart Failure

Screen Failure

Hiroki Niikura et al. J Am Coll Cardiol Intv 2019; 12:196-204.
Meduri CU et al. JACC Card Interventions 2019;12:2402-2412

89.0% failure (n=203) 
- 32% Anatomical Reason
- 35% Clinical Risk Exclusion
- 22% Futility Marker

Intrepid Global Pilot StudyMinneapolis Heart Institute
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Screen Failure

Yadav P. TVT 2023

Current Challenges of TMVR

• Sizing
• LVOT
• Various 

anatomies

• Leaflet 
Thrombosis

• Need for AC
• Anatomical 

Interference

• Complex Devices
• Expert Imaging
• Too high-risk 

patients

Anatomic Challenges Device Challenges Procedure Challenges
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LVOT Obstruction Prevention

Septal Reduction Strategies Anterior Leaflet Strategies

Alcohol Septal 
Ablation

Radiofrequency 
ablation

SESAME
Myotomy LAMPOON SITRAL BATMAN

Balloon-Assisted Translocation of the Mitral 
ANterior leaflet (BATMAN)
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Surgical Implantation of TRanscatheter valve 
in mitral Annular caLcification (SITRAL)

Orient the valve into
standard surgical

configuration

Remove midportion
of anterior leaflet A2

and septum if needed

Teflon felt skirt to prevent PVL 
Securing sutures

Smith R. TCT 2016

Surgery/TEER Candidate

Yes

Surgery/TEER 
Candidate

No

TMVR Candidate

Yes No

TMVR High Risk LVOT Other Factors

Modification High Risk Surgery
Medical Therapy

SITRAL

Management algorithm

ViMAC Candidate

ViMAC +/-
Modification

Re-assess
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Back to our patient - Transeptal AltaValve

Transeptal AltaValve

Balloon Septostomy
Valve placement 

across the annulus Cage deployment
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Transeptal AltaValve

Device release ASD Closure
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Case 2

• 84-yo female with severe symptomatic MR, torrential TR, HFpEF (EF 
60-65%) and SC-PPM 

• Recurrent hospitalizations with HF exacerbation despite being on 
GDMT

• Underwent Mitral TEER with Mitraclip (NTx1)

Case 2

• Remains symptomatic despite Mitral TEER with Mitraclip
• On stable dose of Torsemide
• NYHA III
• High surgical risk 
• Right heart catheterization:

• RA - mean 9mmHG (V 15mmHg)
• RV - 49/1 mmHg (ED 11mmHg)
• PA - 46/18/28 mmHg
• PCWP - 10mmHg
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Tricuspid Valve
Torrential TR

Deep Transgastric

49

50

25 of 48



MHIF Cardiovascular Grand Rounds | 
April 29, 2024

Background
• Tricuspid regurgitation is estimated to 

affect >1.5 million people in the U.S.
• Yearly incidence of about 200,000 

patients in the US and >300,000 patients 
in Europe

• Limited medical therapy options –
diuretics

• Severity easily underestimated
• Volume overload well tolerated for years

7.1% TR
6.5% MR

4.1% AS
2.3% AR

0.5% MS

Prevalence of significant VHD 

35 US Community/Academic 
Hospitals >714,000 patients

Brennan et al. ACC 2022

Primary Primary 

CongenitalCongenital
Infection

Inflammation
Infection

Inflammation
Carcinoid
Radiation
Carcinoid
Radiation

Leaflet 
Damage
Biopsy

Device Lead

Leaflet 
Damage
Biopsy

Device Lead

SecondarySecondary

Pulmonary 
Hypertension

Pulmonary 
Hypertension RV MyopathyRV Myopathy

RV Volume
Shunts

High output

RV Volume
Shunts

High output
IdiopathicIdiopathic

Tricuspid Regurgitation

10%* 90%
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Secondary Tricuspid Regurgitation

Annular dilation and flattening of the 
normal “saddle-shaped” configuration

Nishimura et al. Heart 2018;104:798-806

Non-planar Planar

Survival with Tricuspid Regurgitation
Community population (N=1,095)

Isolated TR survival

Topilsky et al. JACC Cardiovasc Imaging. 2019 Mar;12(3):433-442.
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Survival with Tricuspid Regurgitation
VA study (N=5,223) over 4 years

All patients with (TR)
Nath et al. JACC 2004; 43(3): 405-9

Tricuspid Valve Surgery - Outcomes

• STS ACSD Registry
• 18 years or older
• Isolated Tricuspid valve 

repair or replacement
• July 1, 2017 – June 30, 

2023
• 13,587 procedures at 842 

participating sites
• ~2,000 cases per year

Thourani et al. An Thorac Surg, 2024, In press
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Long-term Survival - Isolated TR Surgery
Longitudinal echocardiography database (N=3,276)

Axtell et al. JACC 2019; 74(6): 715-25

Surgical Intervention Indications

• Left sided surgery, severe TR (I)
• Left sided surgery, progressive TR in the context of either 1) tricuspid 

annular dilation (tricuspid annulus end diastolic diameter >4.0 cm) or 
2) prior signs and symptoms of right-sided HF (IIA)

• Severe primary or secondary TR on GDMT (IIA)
• Asymptomatic severe primary TR with RV dilation or RV systolic 

dysfunction (IIB)
• Symptomatic severe TR with hx of prior surgery and absence of 

severe pulmonary hypertension or severe RV systolic dysfunction (IIB)

No class I recommendation for isolated TR
Otto et al. J Am Coll Cardiol. 2021 Feb, 77 (4) e25–e197
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ECHO - Tricuspid Regurgitation Severity

Hahn et al. JACC Cardiol Imag. 2019; 12(3):469-90
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Tricuspid Valve Nomenclature

Hahn et al. JACC Cardiol Imag. 2021;14(7):1299-305

Courtesy of Dr. Hamid
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Anatomical Success Predictors 
HARDMEDIUMEASY

Large (>10mm) gapsModerate (>7 but <=10mm) 
gaps

Small (<7mm) gaps

Thick and/or severely 
restricted leaflets

Septo-posterior locationSepto-anterior jet location

Antero-posterior jet locationType III or IV leaflet 
morphology

Favorable leaflet annular 
index

Poor echo visualization 
(role for ICE)

CIED in commissure and/or 
not a jet location 

“Non-hostile”

Type I/II leaflet morphology

Hostile CIEDMinimal leaflet restriction
Horizontal heart 

(role for ICE)
Focal primary disease

Hamid N. TVT 2022

Transcatheter Tricuspid Landscape
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TRILUMINATE -
Enrollment and Treatment Pathway

Subjects Approved by Eligibility Committees for:
• Suitable Anatomy
• Adequate management
• No severe Pulmonary Hypertension

Symptomatic Severe Tricuspid Regurgitation 
and

Intermediate or greater risk for TV surgery

Ability to reduce TR to moderate or less

Randomize 1:1

TriClip Device
(N=175)

Medical Therapy
(N=175)

12-month follow up

Single Arm (N=100)

TriClip G4 Delivery System
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Sorajja P. et al N Engl J Med . 2023;388(20):1833 1842. 

30-day Adverse Events

Sorajja P. et al N Engl J Med . 2023;388(20):1833 1842. 
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Reduction in TR Severity

Sorajja P. et al N Engl J Med . 2023;388(20):1833 1842 

Physiologic Remodeling

Cavalcante J. TCT 2023
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QOL Improvement

No waning effect

Adams D, Sorajja P, et al. TCT 2023

First-in-human 
2017

1st Triluminate case 
August 28th, 2019

Last Triluminate case
April 2nd, 2024

1st commercial case
April 4th, 2024
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CLASP II TR trial

CLASP II TR trial – Roll in Cohort
Enrollment and procedural characteristics

Lim et al. Catheter Cardiovasc Interv. 2021 Oct;98(4):E637-46.
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CLASP II TR trial – Roll in Cohort
TR reduction and quality of life improvement

Lim et al. Catheter Cardiovasc Interv. 2021 Oct;98(4):E637-46.

CLASP II TR trial – Roll in Cohort 
Major adverse events

Lim et al. Catheter Cardiovasc Interv. 2021 Oct;98(4):E637-46.
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Orthotopic Replacement

EVOQUE INTREPID VDYNE

EVOQUE Tricuspid Valve Replacement System

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 (44, 48 and 52 mm) 

28F transfemoral delivery system with multiple planes of flexion and depth control 
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Kodali S. TCT 2023

Kodali S. TCT 2023

79

80

40 of 48



MHIF Cardiovascular Grand Rounds | 
April 29, 2024

TRISCEND II 30-Day Results

Kodali S. TCT 2023

TR Grade at 6 Months

Kodali S. TCT 2023
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Changes in KCCQ at 30 days and 6 months

Kodali S. TCT 2023

Change in NYHA and 6 MWT

Kodali S. TCT 2023
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Intrepid - Tricuspid Valve

• Circular inner stent houses a 29 mm tri-leaflet 
bovine pericardial valve

• 35Fr transfemoral delivery system - 29Fr system in 
development

• Conformable outer stent anchors without leaflet 
capture or need for rotational alignment 

• Available in three sizes (43, 46, 50 mm)
• Can be implanted in the presence of pacing leads
• Gap between the two stent frames may allow for 

future pacemaker implantation
• Currently at early feasibility trial 
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VDYNE Valve

• Side-delivery technology – vertical folding
• 28Fr Transfermoral Delivery catheter
• Double-frame nitinol prosthesis that houses a 

30mm porcine trileaflet valve
• Five valve sizes to treat a broader range of patient 

anatomies (perimeter up to 180mm)
• Securement mechanisms at RVOT, ventricular free 

wall and posterior septum - (<10% oversizing)
• Flexible -repositionable and retrievable
• No ventricular exclusions - indifferent to 

ventricular size or shape

VDYNE Early Feasibility Study

1st Vdyne EFS case 
April 1st, 2024
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Heterotopic Valve Implantation
Indications
• Patients unsuitable for 

TEER/TTVR
• Large gaps, RV dysfunction, Pacer 

induced TR, large annulus size
• Advanced TV disease

Challenges:
• Ventricularization of RA
• Large & variable SVC/IVC size may 

require custom-made devices
• Impact of severe RV failure on LV
• Worsening Cardiac Output
• Valve/Device Thrombosis
• Long-term anticoagulation
• Treatment effect durability Latib A. TVT 2022

Pacer wire manipulation

GAPS
ANATOMY
LEADS
IMAGING
OTHER
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After 2nd Clip Deployment

IntraCardiac Echocardiogram
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Wire release

Key Points

• Valvular heart is frequent in aging population – increased complexity
• Surgery “not an option” – age, co-morbities, anatomical factors
• Transcatheter therapies have potential to provide options
• TMVR, TTVR are not TAVR (yet!)
• Improved imaging - ECHO, CT and MRI
• Improved devices respecting anatomy and minimizing interaction
• Multiple dedicated devices at various stages
• Many patients referred for clinical trials are currently excluded
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Thank you!
Konstantinos.voudris@allina.com

@kvoudris

95

48 of 48




