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Aortic stenosis combined with aortic regurgitation: 
which imaging approach can solve the diagnostic 

challenges

Marie-Annick Clavel, DMV, PhD
Professor – Université Laval (Québec, Canada)
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Moderate AS + mpderate AR

Unger, Clavel. Struct Heart2020 



pcrimagingvalves.com

Evaluation of AR

Jet, volume, ERO…. Underestimated by low flow
Regurgitant fraction remain valid
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Evaluation of AS

AVA, gradient, velocity, DVI underestimated by low flow



When and how should we treat mixed AV disease

Madalina Garbi MD MA FRCP
Royal Papworth Hospital, Cambridge, UK
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Mixed AV disease outcomes

Isaza et al, JAHA 2020

At least moderate AS + moderate AR & normal LV

Propensity matched
baseline characteristics

between subgroups
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Severe LVH + mild dilatation

Unger Clavel, Structural Heart, 2020



How do I choose my TAVR strategy and device in 

case of combined aortic stenosis and aortic 

regurgitation?

Martin Swaans, MD, PhD, FESC, FEACVI, FSCAI

Cardiologist St.Antonius Hospital 

Nieuwegein, The Netherlands



TAVR in MAVD

• Individualized approach to address MAVD. 

• TAVR is the preferred option in many cases of MAVD.

• However, SAVR may be considered in bicuspid valve cases

• There is no specific TAVR device for MAVD. 

• Both Self-Expanding and Balloon-Expanding Valves types 

are used in MAVD, but there is no clear evidence of 

superiority for either in this specific population.

• The choice is based on the anatomy, comorbidities, and 

availability



TAVR device selection

• MAVD patients are more likely to receive a larger prosthesis

• MAVD patients are at increased risk of PVL due to anatomical 

and hemodynamic changes, such as a larger annulus, 

calcification, and elevated transvalvular flow.

• MDCT evaluation is crucial 



Aortic valve disease concomitant to aortic 
pathology: which comes first in the 

decision-making?
Laura Galian Gay, MD, PhD, FESC

Clinical Coordinator Valve Disease Unit

Hospital Universitari Vall d’Hebron, Barcelona
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Where aortic valve disease meets aortic pathology

Bicuspid aortic valve (BAV) is the most common congenital heart disease and the most important clinical 
implications are aortic dilation and dissection and aortic valve dysfunction

Michelena HI. Ann Thorac Surg. 2021 Sep;112(3):e203-e235.

Aortic disease in BAV

Aortic root

Ascending 
aorta

20-30%

60-80% 

Valve disease in BAV

Aortic 
regurgitation 

(AR)

Aortic stenosis 
(AS)

23-70%

14-50% 

RL

RN

• Earlier age
• Male sex

• Older age
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If severe aortic dilation comes first

Surgery should be performed in patients with a BAV, who have a maximal aortic diameter ≥50/53 mm

Isselbacher EM. Circulation. 2022;146:e334–e482.

European Heart Journal (2024) 45, 3538–3700
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If severe aortic dilation comes first

European Heart Journal (2024) 45, 3538–3700
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Syndromic aortic diseases: aortopathy guides treatment

Algorithm for imaging surveillance and 
surgery in patients with syndromic and 
non-syndromic heritable thoracic aortic 
disease

Prophylactic aortic surgery intervention 
thresholds before in heritable aortic 

disease

European Heart Journal (2024) 45, 3538–3700



Multivalvular Diseases:
How to properly diagnose severity of aortic stenosis

and of mitral regurgitation when they coexist

Dr. Alison Duncan

MB BS BSC PhD FRCP FESC
The Royal Brompton Hospital

Part of Guys and St. Thomas’ NHS Foundation Trust

London, UK
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Severe AS: 

 Long-standing increased afterload

 LVH and remodelling, dilatation, dysfunction of the LV

 

Secondary MR due to leaflet tethering and mitral annular dilatation

Concomitant CAD in AS: association ischaemic MR 

Increased afterload due to AS:

 ↑ trans MV systolic pressure gradient 

 ↑ MR volume for any given MV ERO

Haemodynamic interactions that impact AS with MR

AS

MR
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Significant MR ↓ forward flow across aortic valve 

MR-induced low-flow state reduces ↓ transaortic pressure gradient (LF-LG AS)

1. low-flow, low-gradient AS frequent

2. AS associated with ↑ MV anterograde flow and gradient

3. Continuity equation inapplicable when transvalvular flows are unequal

4. PHT methods invalid in the presence of altered LV compliance/relaxation

5. DSE may fail to induce significant increase in LV outflow with severe MR

Problem with quantifying AS combined with MR:

AS

MR
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• Prognostic tools recommended for single VHD not substantially validated in MVD

• Accepted cut-off values may not be applicable

• Management, timing, type (TCV vs Sx) of associated lesions <severe challenging

• MMI may be useful

• Load-independent measures such as valve planimetry (TOE, MSCT, MRI)

• AoV calcium score by MSCT (>2000AU men, >1200AU women)

Problem with quantifying AS combined with MR:

AS

MR



How to predict the effect of AS intervention 
on concomitant MR

Madalina Garbi MD MA FRCP
Royal Papworth Hospital, Cambridge, UK
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Significance depends on type of treatment planned

Reed Kapadia, JAHA 2023
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AS + secondary MR

Reed Kapadia, JAHA 2023



Mitral regurgitation combined with tricuspid regurgitation 
Always treat first left? What is the role of aetiology in decision making?

Dr Bushra Rana
Consultant Cardiologist

Clinical Lead Cardiac Diagnostics and Echocardiography Services
Imperial College Healthcare Trust, Hammersmith Hospital, London

Imperial College London
Cleveland Clinic London



Gammie et al NEJM 2022;386:327-39

Rates of HF Hospitalization following TMTVR and TMVR

FU 18 months

Improvement in effective RV/LV stroke volume & cardiac index
Superior clinical outcome 
Greater functional improvement 
Greater reduction of NTproBNP levels at 1 month  

Fewer heart failure hospitalizations

JACC 2018;11:1142–51

Severe MR and TR

Isolated M-TEER

Combined M-TEER & T-TEER

JACC Intv. 2020;13(5):543–50

Key Facts
Significant TR is a predictor of outcomes following LH valve surgery
S-TR will resolve following successful MV surgery
Current ESC guidelines  TA dilatation ≥40mm or ≥21 mm/m2

                                           ≥ Mild TR
  

Surgical multicentre RCT  2y FU
Concomitant TV repair ↓progression to severe TR  
Moderate rather than mild TR, at expense of PPM implantation                                      

M-TEER cohort, 70% of TR does not regress, in 15% TR worsens
Significant TR at baseline 22%, 80% secondary TR 
   Higher comorbidities ↓LVEF, ↑LA, older age, female, AF, ↓RV, ↑PH, liver/renal dis, anaemia

   Post M-TEER no change in TR severity at 1 month

   Worse outcome at 1yr

Concomitant TV intervention associated with superior clinical outcomes

Mitral regurgitation combined with tricuspid regurgitation



Secondary TR

Atrial versus Ventricular 
Atrial phenotype
  Severe RA dilatation, AF
  TV annulus dilatation
  No PH or IpcPH, with 
  RV function preserved, RV-PA coupling

Multimodality assessment
TTE  TR severity/phenotypes RV function, PAP, TAPSE/PAP ratio

TOE TR grade, anatomy, annulus size, TVI suitability 

RHC PH presence/type PVR/reversibility

CMR RV volumes, RVEF, scar burden

Ventricular

Atrial

Pathophysiology of TR in M-TEER: Role of aetiology



Severe TR, Moderate TR may improve

Aetiology will TR resolve? 
Primary TR, Atrial STR, CIED related 

Disease staging  
RV function matches afterload
Absence of pulmonary vasculopathy

Clinical signs of ↓cardiac reserve
RHF/systemic venous congestion
Low CO, low BP
LV impairment
High NTproBNP

Severe LA dilatation

?Futility
TRI-score ≥ 6, may reflect end-stage dis 

Severe pulmonary vasculopathy

30-40% of TR improves post MVI

RV function, RVEF
RV-PA uncoupling, TAPSE/PAP <0.406 

Raised PVR, TPG >17 

JACC 2023;16:127-139

Planned review to reassess TR, 4-6 weeks post MV intervention

Patient selection for concomitant TV intervention



Following transcatheter MV intervention, significant TR  does not resolve in 60-70%

TR negatively impacts clinical outcomes 

Concomitant transcatheter TV intervention for severe TR at the time of MV intervention 
   appears to confers superior clinical outcomes

Management of TR at time of M-TEER should include an understanding of…
   TR severity: moderate TR adopt ‘wait & see’ with planned review to reassess TR 4-6 weeks post MV intervention

   TR phenotype:  Atrial versus Ventricular secondary TR Severe RA/TV annulus dilatation, no PH or IpcPH, with RV-PA coupling

   Multi-modality approach: TTE TR severity , TV anatomy/annulus dilatation, RV function, PAP, TAPSE/PAP ratio

                                                  TOE TR grading, aetiology, anatomical suitability for TEER

                                                  RHC PH phenotype (no PH v IpcPH v CpcPH), TPG, DPG, PVR, reversibility

    Consider concomitant TV intervention in secondary atrial TR
    Staging of disease guides decision making clinical, biochemical, haemodynamic parameters 

Key Messages

Mitral regurgitation combined with tricuspid regurgitation 
Always treat first left? What is the role of aetiology in decision making?



Transcatheter treatment of combined MR and TR:
a case when I treated first left

and one when I treated first right!

Nina Ajmone Marsan, MD, PhD, FESC



Tricuspid regurgitation in MVD

In the EURORP VHD II Survey the combination of 
severe left-sided VHD + severe TR was 15.6%
 
Moderate or severe secondary TR is observed in 
about 1/3 of patients undergoing surgical or 
transcatheter mitral valve intervention…

…also in approximately 15% of patients undergoing 
TAVR

Triboully et al, EHJ 2022
Sisinni et al, JACCint 2023
Tomii et al JACCint 2021



Sisinni et al, JACCint 2023



ECHO

RHC



Dr Bushra Rana
Consultant Cardiologist

Clinical Lead Cardiac Diagnostics and Echocardiography Services
Imperial College Healthcare Trust, Hammersmith Hospital, London

Imperial College London
Cleveland Clinic London

Special thanks to Marjolein Bierman for 3mensio images

Aortic valve in valve procedures
New frontiers in planning
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Challenges in aortic ViV procedures

Key concepts

Surgical AVR design

SVD aetiology & valve failure

Prosthetic valve function

Anatomical features 
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Planning aortic valve-in-valve procedures

Patient prosthesis mismatch
High gradients associated with ↑mortality
mnAVG >20, EOAi <0.65  (if BMI >30 EOAi 0.55)

High risk features
Small prosthesis ≤ 21, smaller true ID
Baseline high gradient  serial data, immediate post-op

TTE and TOE key role valve anatomy & haemodynamics

TAVI vale sizing
True ID 
 typically < label size
 measured by CT
 3mensio/Feops
 perimeter derived diam

True internal diameter

Commissural misalignment
Disrupts local flow profile
↑risk of leaflet thrombosis

3Mensio

Davir, from Simanato Struct Heart 2024

TOE deep TG view

3D TOE
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Planning aortic valve-in-valve procedures

Risk of coronary obstruction

3Mensio

High risk features
Small aortic root or sinotubular junction
Low coronary height
Prosthesis type esp leaflets external to stent frame

Optimal TAVI placement:
  Commissural alignment
  Avoid over sizing, over expansion

CT parameters
VTC virtual valve to coronary distance

VTSTJ valve to sinotubular jct

≤ 4mm
BASILICA
Chimney stent



The challenge of treating mitral annular

calcification (MAC): is surgery the only option?

Francesco Maisano

Valve Center OSR

Università Vita Salute 
Milano, Italy
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A growing population, combined AS and MS: mitral calcification in TAVI patients
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MAC SCORE

GUERRERO M ET AL. J Am Coll Cardiol Intv 2023;16:2195–2210
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«modern» Percutaneous commissurotomy

• Hybrid room with potential for 
conversion

• TEE guided valve crossing 

• Sequential dilation

• Echo-guided valve assessment
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Lithotripsy for calcific MS
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valve in valve

valve in ring

valve in MAC

TMVI

mitral valve replacement / implantation
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Transcatheter mitral valve implantation in patients
with severe mitral annular calcification: 

early results from the Tendyne MAC study



EPISODE 4: Multivalvular diseases

Aortic paravalvular leakages: how do I diagnose it
 and treat it percutaneously?

Manuel Barreiro Pérez

Cardiac Imaging. Cardiology Department

Hospital Universitario Álvaro Cunqueiro, Vigo

manuelbarreiroperez@gmail.com

@manuelbarreirop
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Diagnosis & Severity assessment
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Number & location

Clinical diagnosis: Heart failure ± hemolysis
Echo diagnosis: TTE + TEE 

LEFT

RIGHT

NC 
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Size measurement
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Alternative imaging modalities

Lesser JR, et al. JCCT. 2015
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Intraprocedural guidance
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TEE probe

ICE probe

Ruparelia L et al. Catheter Cardiovascular Interv. 2021

Alternative imaging modalities
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CT fusion
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Advanced Echo fusion



Manuel Barreiro Pérez

Cardiac Imaging. Cardiology Department

Hospital Universitario Álvaro Cunqueiro, Vigo

manuelbarreiroperez@gmail.com

@manuelbarreirop

EPISODE 4: Multivalvular diseases

Mitral paravalvular leakages: how to diagnose and treat
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Number & location

Aortic root

IASLAA

POSTERIOR

SEPTALANTERIOR

LATERAL

Clinical diagnosis: Heart failure ± hemolysis
Echo diagnosis: TTE + TEE 
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Size measurement
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Shape

Semilunar Irregular

Rounded Oval
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Alternative imaging modalities
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Same language in the cath lab
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Same language in the cath lab
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Same language in the cath lab
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