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General approach for multiple and mixed VHD

Unger P, Circ Cardiovasc Imag 2018

1.Number/type VHD

2.Symptoms

3.Repercussion

4.Procedure

Echo

Echo
MRI
Cath

Heart Team
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• Rare among young adults
• Prevalence 8-10.7%
• 3rd more frequent combination when 

multivalvular disease 
• Rheumatic disease, the leading cause 

(51%) (EuroHeart Survey)
• Increasing frequency of degenerative 

disease
• MR can be primary or secondary 

(uncommon, mechanism of compensation)

Prevalence of combined AR/MR

Andell P,  Heart 2017;103:1696—703
Iung B, Curr Probl Cardiol 2007;32:609—61
Goldbarg SH, J Am Coll Cardiol2007;50:1205—13.
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Approach MR/AR: 3 scenarios

Unger P, Archives Cardiovascular disease 2019
Oriented to surgery



AS and concomitant MR

Presence and severity of MR, reduces SV à
low-flow condition even with PEF.

Hence AS severity can be underestimated 
as flow through aortic valve ↓

Expected pathophysiological consequence 
of volume overload in MR 

à LV enlargement, to maintain SV.

But remodeling led by AS 
à LVH, small cavity, ↓subendocardial LV 
function with ↓ longitudinal contraction

Benfari et al Eur. Heart J. Cardiovasc. Imaging 2018, 19, 569–573

033306



Take home messages: AS + MR

ü The particular interaction of these two valve lesions makes echocardiographic evaluation

challenging

ü AS severity can be underestimated in the presence of MR due to a low flow state

ü Color Doppler and RVol can overestimate severity of MR

ü Advanced imaging can help in the correct evaluation of valve lesions

ü Calcium score of AV is helpful when echocardiography is inconclusive
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Severe AS + significant MR

Khan F, et al. J Am Coll Cardiol Interv 2020;13:1503–14.
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• In high-risk or inoperable patients with severe AS and severe MR, 
combined (or more often sequential) TAVI and TEER may be feasible, but 
there is insufficient experience to allow robust recommendations

• In patients with severe primary MR, TEER should be considered early if 
the patient remains symptomatic and MR is still severe after TAVI

• In patients with severe secondary MR, TAVI should be followed by careful 
clinical and echocardiographic reassessment to determine whether 
further mitral intervention is required

TAVI and TEER

2021 ESC/EACTS Guidelines for the management of valvular heart disease



www.pcrimagingvalves.comwww.pcrimagingvalves.com

Left sided VHD and TR
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Left sided VHD influences TR development and severity
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Improvement of secondary TR with left VHD treatment?
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Aortic stenosis and aortic regurgitation: diagnostic challenges

Echocardiographic diagnostic limitations. AS ﹠ AR

1516 Ong G, Pibarot P. Heart 2019;105:1515–1522. doi:10.1136/heartjnl-2017-312303

Education in Heart

volume. The main factors associated with higher 
risk of progression to symptoms and heart failure 
in MAVD are: older age, more severe AS and/or AR 
at baseline, larger LV mass index, more pronounced 
LV concentric remodelling and advanced LV 
diastolic dysfunction.3 4 10 12 13

These findings emphasise that patients with 
MAVD need careful surveillance with close clinical 
and echocardiographic follow-up, especially if the 
patient harbours the risk factors mentioned above. 
The determination of the optimal timing for inter-
vention in these patients is challenging and should 
account for the composite severity of both AS and 
AR and their combined haemodynamic effects on 
cardiac function (figure 2 and table 1).

DIAGNOSIS AND GRADING SEVERITY OF MAVD
Assessing the haemodynamic severity of MAVD
In patients with MAVD, one should assess the 
haemodynamic severity of each lesion: AS and AR 
and then the overall haemodynamic severity of the 
MAVD, that is, of the severity of the AS+AR combi-
nation (figure 2). Table 2 presents the caveats in the 
assessment of MAVD severity using Doppler echo-
cardiography and other imaging modalities.

AS severity
The peak aortic jet velocity and mean transval-
vular gradient, which are highly flow dependent, 

may overestimate the severity of AS in the context 
of MAVD because of the high transvalvular flow 
state associated with AR (table 2, figures 1 and 
3). The effective aortic valve area (AVA) by 
the continuity equation method and Doppler 
velocity index (ie, ratio of the velocity time inte-
grals in LV outflow tract versus aortic jet) are 
the best parameters to quantitate the AS severity 
in the context of MAVD (table 2, figures 1–3). 
The anatomic AVA measured by planimetry using 
transoesophageal echocardiography, contrast 
multidetector CT (MDCT) or cardiac magnetic 
resonance (CMR) imaging may help to corrobo-
rate AS severity.14 15

AR severity
Doppler echocardiography: the assessment of AR 
haemodynamic severity should rely on an integra-
tive approach including structural, semiquantitative 
and quantitative parameters as recommended by the 
2017 American Society guidelines for the non-in-
vasive evaluation of native valvular regurgitation 
(table 2, figures 2 and 3).16 17 Patients with MAVD 
generally have less LV dilation and thus smaller LV 
end-diastolic volume and stroke volume, compared 
with patients with isolated AR. Hence, a moderate 
AR on the basis of effective regurgitant orifice area, 
vena contracta width and regurgitant volume may, 
in fact, correspond to a moderate-to-severe or severe 

Figure 1 Haemodynamic interaction between AS and AR. This figure illustrates three scenarios: isolated moderate AS, isolated severe AS and 
concomitant moderate AS and moderate AR. In latter scenario, the regurgitant volume resulting from the moderate AR causes an increase in the 
LV stoke volume. In turn, this AR-related increase in forward stroke volume yields to an increase in the peak jet velocity and mean gradient for a 
given AVA. In this scenario, the peak aortic jet velocity and mean gradient overestimate the severity of the AS component but provide an adequate 
estimation of the overall haemodynamic severity of the combination of AS+AR. However, the AVA provides an adequate estimation of the severity 
of AS but underestimates the overall severity of AS+AR. AR, aortic regurgitation; AS, aortic stenosis; AVA, aortic valve area; CW, continuous-wave 
Doppler; MG, mean transvalvular pressure gradient; PW, pulsed-wave Doppler. DVI, Doppler velocity index; RV, aortic regurgitant volume; SV, stroke 
volume; VPeak, peak aortic jet velocity. Figure artwork by Mia Pibarot.
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Heart 2019;105:1515–1522 

AORTIC STENOSIS AND AORTIC REGURGITATION

§ Peak aortic jet velocity and mean gradient are the
best parameters to assess the overall
haemodynamic severity of MAVD. 

§ Peak aortic jet velocity and mean gradient may
underestimate MAVD severity in presence of low
flow state. 
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Aortic stenosis and aortic regurgitation: diagnostic challenges

ACCORDING TO AS AND AR EVALUATION, DEFINE AND GRADE MAVD

MILD MAVD MODERATE MAVD SEVERE  MAVD

Mild AS/AR
Mild/Moderate AS/AR
Moderate/Mild AS/AR Moderate AS/AR

Severe AS and/or
severe AR

Prognosis modifiers: older age, more severe AS and/or AR at baseline, larger LV mass index, 
more pronounced LV concentric remodelling and advanced LV diastolic dysfunction. 

, 
Heart 2019;105:1515–1522 
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Natural History of Mixed Aortic Valve Disease

J Am Coll Cardiol 2013;61:1489-1495.

• 71 patients (21 female), mean age 52 years
• 50% bicuspid aortic valves
• At least moderate AS plus moderate AR
• Good LV function
• Median FU 8.9 years

OVERALL EVENT FREE SURVIVAL SURVIVAL ACCORDING TO LESION
PREDOMINANCE

SURVIVAL ACCORDING TO VMAX
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Indications for Surgery

Also consider:
• Increase in LVEDD (> 65mm)
• Fall in LV function
• Raised BNP

Medical Therapy:
The role of ACE inhibitors (or other 
vasodilators) in delaying surgery or 
improving symptoms is not established

ESC/EACTS Guidelines 2021
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• No anchoring
– Embolism
–Migration

• No sealing
– Residual AR

Challenges for TAVI in AR

Franzone, Pilgrim et al 2016 

Oversizing strategy
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New devices tailored to the anatomy of pure AR
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When aortic stenosis or regurgitation become severe with symptoms or asymptomatic meeting other 
criteria should undergo AVR irrespective of aortic dilation

Aortic valve disease and Aortopathy

Vahanian A. European Heart Journal (2022) 43, 561–632 f) Considering age, BSA, aetiology of the valvular disease, presence of a bicuspid aortic valve, and intraoperative
shape and thickness of the ascending aorta should be considered for individual decisions

Isselbacher EM. Circulation. 2022;146:e334–e482.
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Surgery should be performed in patients with a BAV, who have a maximal aortic diameter ≥55 mm

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

- Family history
- Systemic hypertension
- Aortic coarctation
- Increase 0.3 cm/year 

*according to age, body 
size, comorbidities, and 
type of surgery

Aortic valve disease and Aortopathy
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Does the aortic root deserves special attention?

Acute type A aortic dissection appears to 
occur at smaller diameters in patients 

with modest dilation in the aortic root vs. 
the ascending aorta

J Am Coll Cardiol 2022;79:1890–1897
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Mitral stenosis and regurgitation

MVA = Stroke Volume
MV VTI

à MVA is underestimated

Flow-dependent
- heart rate
- stroke volume (anemia, high output, ..)
- mitral regurgitation
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Mixed MS/MR in MAC

@Ph_Bertrand

Churchill TW.. Bertrand PB, J Am Coll Cardiol. 2022;80(7):739-751
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• Separate evaluation of MR severity and MS severity whenever possible.

• MVA quantification challenging, esp. in degenerative MS/MR.

• Mean MV gradient = overall hemodynamic burden of combined valve lesion.

= prognostic impact in MAC population.

• Treatment of mixed MS/MR demands a Heart Team approach.

Take Home Messages : Mixed MS/MR

@Ph_Bertrand



Challenges in the Echo Diagnosis of Infective endocarditis



MDCT in NVE
Ø Added value of CT
Ø Pulmonary infarcts/ Abscesses
Ø Coronary anatomy (Opolski MP,JACCi 2016;9:1059)
Ø Peripheral embolism/ Mycotic aneurysm

Abdominal Ao MA Aortic pseudo aneurysm & CA.             



Addition of Positive PET/CTA in the Diagnosis of NVE

Native valves (n=115) Sens Spec PPV NPV AC

Admission echocardiography 70 (56-83) 93 (87-99) 86 (75-98) 82 (74-91) 83.5%

PET/CT cardiovascular focal 
uptake

22 (10-34) 100 (100) 100 (100) 66 (57-75) 68.7%

Admission DC* 54 (40-69) 91 (85-98) 81 (67-95) 75 (66-84) 76.5%

Admission DC* + PET/CT major 
criteria

65 (51-79) 91 (85-98) 83 (71-96) 80 (71-89) 80.9%

Admission DC* + PET/CT major 
criteria + emboli**

78 (66-90) 91 (85-98) 86 (75-96) 86 (78-94) 86%

Ø Useful in suspected cases having possible IE

De Camargo, Clin Infect Dis 2020;70:583



KEY MESSAGES: MMI in IE
Ø MDCT, MRI, FDG-PET should NOT be used as a substitute for clinical, 

microbiological, or echocardiographic evaluation.

Ø MMI adds major and minor criteria to MDC and makes the definite diagnosis in 
“possible” IE. 

Ø Incomplete outcome evidence exists to advocate whole body screening (CT, 
MRI, PET) in asymptomatic patients with NVE.
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Multimodality imaging assessment of PVE 

Erba et al, Circ, 2019
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POET (oral vs IV antibiotic treatment): death, emboli, unplanned durgery, relapse

Oral group 

discharged 17 

days earlier

5-years mean FU:

Oral superior to iv



www.pcrimagingvalves.comwww.pcrimagingvalves.com

POET criteria for shifting
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TAVI  & Endocarditis – Some evidence ?

J Am Coll Cardiol Intv. 2020;13(17):1983–96.

10 centers – 54 patients with AoV possible (26) or 
definitive IE (28)
Healed infection & severe AoV dysfunction – TAVR
Healed: 3 (-) BC & free clinical/lab signs of sepsis 
& no vegetations or abscess 
Mean time from IE to TAVR: 90 days (21-411 days)
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Conclusions

• ”Healed” IE is not an absolute contraindication for percutaneous therapies

• When conventional surgical aortic valve replacement is rejected, TAVI in 
patients with healed IE is feasible, safe, and with a comparable mortality to 
standard ones, although with higher rates of AR and sepsis 

• In patients with severe HF or cardiogenic shock and prohibited risk, 
decisions should be performed on a case-to-case basis


