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Valvular Heart Disease
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Important issues in patients with VHD



Important issues in patients with VHD



Resting evaluation is essential and 

may be often sufficient

• THOROUGH evaluation of symptoms and co-
morbid conditions

• COMPREHENSIVE resting Doppler 
echocardiographic examination is only a tool:

– Quantification (severity +++)

– LV remodeling and function, right ventricle and PASP

– Mechanisms (and thereby repair faisability)+++

– Associated valve diseases



Evaluation of valvular disease during

exercise is likely useful

• Discrepancy between the degree of valvular severity at 
rest and symptoms

• Equivocal symptoms
– To unmask symptoms in patients who claim to be

asymptomatic

– Co-morbid conditions such as COPD or deconditioning that
may interfere with signs and symptoms of cardiac disease

• Timing of valve surgery

• (Prognostic value)



• Conventional exercise testing
– Exercise time, maximal workload

– Heart rate, blood pressure, symptoms, 
EKG, exercise capacity, Borg scale

• Valvular components

• Myocardial response
– LV systolic response

– Diastolic reserve and FMR

• Pulmonary pressures

Which echocardiographic measurements may be 

obtained and how to interpret exercise-induced 

changes?



8J Am Soc Echocard, 2017



Iung et al, Circulation, 2019



Battacharyya et al, Eur Heart J VCI, 2013 



Amato et al, Heart, 2001 - Das et al, Eur Heart J, 2005 

Conventional exercise test in asymptomatic AVS (no symptoms
and normal LVEF)

Exercise-induced symptoms

Negative predictive value 87 %
Positive predictive value 57 %
Positive predictive value 79 % (physically active patients < 70 y.o.)



Vahanian et al, Eur Heart J, 2021



Lancellotti et al, European Journal of Echocardiography, 2008

Maréchaux et al, Echocardiography, 2007

MYOCARDIAL COMPONENTS
LV abnormal response to exercise in severe AVS





Valvular components

Ringle et al, ACVD, 2017
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Clinical case

Maréchaux et al, Eur Heart J, 2010



Echo d’effort et 

progression de la 

sténose?

55 patients with moderate to severe AS

Echocardiographic FU: 1.6 [1.1-3.2] years

Ringle, Levy et al, ACVD, 2017



Moderate AS
30 patients

Ringle, Levy et al, ACVD, 2017

Severe AS
25 patients



Rest

Exercise

MPG 24 mmHg

MPG 45 mmHg

1-year follow up rest MPG 37 mmHg

MPG progression rate: 13 mmHg/y



Prognostic Value of Exercise-Stress 

Echocardiography in Asymptomatic

Patients With Aortic Valve Stenosis
• Neither MPG increase >20 mm Hg nor peak SPAP >60 mm Hg was 

predictive of occurrence of AS-related events

• Positive exercise test: LV systolic dysfunction or WMSA

J Am Coll Cardiol Img 2018;11:787–95



Exercise echocardiography allows the 

assessment of systolic pulmonary 

artery pressure response
• Technical issue: faint Doppler tracing in asymptomatic patients…

• Interpretation of pulmonary pressure may be difficult in older

hypertensive people, patients with history of pulmonary embolism, 

COPD…

In asymptomatic 

severe AS patients, 

exercise PHT is 

associated with

a 2-fold increased 

risk of cardiac event



Clinical case

75 yo patient (2010)

No symptoms

No medical history

Systolic murmur

Echocardiography: AS



• LV EF at 0.68, 

• LV hypertrophy (LV mass index 99 g/m²)



Clinical case

MPG 28 mmHg, Av-vel 3.20 m/s

Aortic valve area 1.1 cm2

Moderate AS



Exercise Stress Echocardiography

❖ SBP increases from 140 to 180 mmHg

❖ HR increases from 64 to 117 bpm

❖ Exercise duration 8 minutes 40 s, 100 Watts

❖ Leg fatigue

❖ LV EF increases from 0.65 to 0.72

❖ MPG increases from 28 to 49 mmHg



Clinical case

One year follow up

AV-vel 3.9 m/s

MPG 42 mmHg

PI 0.29

SAo 0.9 cm2

Severe AS

Increase in AV-vel 0.7 m/s/y



Clinical case 10/2011

∆ GM 20 mmHg

Exercise duration 8 min



Cas 2 Echo d’effort 10/2012

2 year f/u

AV-vel 4.83 m/s, PI 0.24, AVA 0.85 cm2



❖ Exercise duration 5 min

❖ Shortness of breath

❖ Afterload mismatch



∆ GM 14 mmHg

Referred for AVR after preoperative evaluation



Exercise echo in moderate to severe AS

LV functional reserve

∆MPG ≤ 20 mmHg

Preserved AV compliance

LV functional reserve

∆MPG > 20 mmHg

Decreased AV compliance

Afterload mismatch

Low increase or 

decrease in MPG

Negative exercise test Positive exercise test

Exercise Stress Echocardiography



53 years old patient

Exercise induced syncope during running

History of moderate AS, bicuspid valve

6 to 8 h exercise/week (crossfit)



AVA 1,1cm2



Exercise echocardiography

160W, 80% Maximal HR
No increase in SBP 



Postoperative echocardiography



37Vahanian et al, ESC guidelines, 2021



Mitral stenosis
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Clinical case

• 69 yo patient, overweight

• 5 years exposure to benfluorex (MEDIATOR)

• NYHA functional class IIa

• Echocardiography +/- exercise stress echo





sPAP 35 + RAP sPAP 62 + RAP sPAP + RAP

Rest 40 Watts 60 Watts

Exercise induced dyspnea
Feasability of PMC





The increase in sPAP during exercise

may be physiological

• The sPAP increases during exercise until cardiac

output reaches 2.5 to 3 times its resting value.

• TPG=mean PAP-downstream pressure

mean PAP-downstream pressure=(PVR/cardiac output)

mean PAP=(PVR/cardiac output)+downstream pressure



Pulmonary hypertension during exercise

Mahjoub, Levy et al, Eur J Echocard, 2009

sPAP > 60 mmHg is frequent at peak exercise

in patients with good exercise capacity and

older than 60

sPAP > 60 mmHg at low workload in a young patient 

should be considered as abnormal



Bidart et al, J Am Soc Echocard, 2006

TRV / RVOT VTI < 0.2 = Normal PVR



46Vahanian et al, Eur Heart J, 2021



Mitral regurgitation
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Primary mitral regurgitation

(prolapse)

48



3+, 4+ 

Asymptomatic organic MR

CR = ∆ LV EF ≥ 4% from rest to peak exercise

Lee et al, Heart, 2005



Lee et al, Heart, 2005
3+, 4+ 

Asymptomatic organic MR

CR = ∆ LV EF ≥ 4% from rest to peak exercise



Speckle tracking for reproducible 

assessment of LV function?



Lancellotti et al, J Am Soc Echocard, 2008

93 patients, degenerative MR

ERO > 30 mm2

LV EF > 60%, LVESD < 45 mm

Longitudinal strain, apical 4- and 2-chamber views

Delta GLS 1.9%



REST

EXERCISE



61 patients, 

moderate to severe MR

Magne et al, J Am Coll Cardiol, 2010



61 patients, 

moderate to severe MR

Magne et al, J Am Coll Cardiol, 2010



Magne et al, Circulation, 2010



Magne et al, J Am Soc Echocard, 2011



Magne et al, J Am Soc Echocard, 2011



Exercise pulmonary pressure in 

organic MR?

J Am Coll Cardiol 2018;71(6):700-1

Asymptomatic patients 

with organic MR 

presenting an abrupt 

increase in SPAP 

>15 mm Hg at a low 

level of exercise have 

2-fold increase in the 

risk of cardiac events



• 64 yo, patient

• Exercise induced dyspnea

• Migraine (Ergotamine), history of LAD stenting

• MR/prolapse

• Discrepancy between leak severity and dyspnea

• Referred for exercise stress echocardiography

Clinical case











• Ergotamine

• KT: mPAP 30 mmHg, PCPW 7 mmHg

• Mutliples distal pulmonary embolism

=>Pulmonary Hypertension



66Vahanian et al, ESC guidelines, 2021



Restrictive mitral regurgitation

Secondary mitral regurgitation
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Clinical case

• 72 yo woman

• High SBP, catamenial migraine 

• No diabetes

• 3 episodes of pulmonary oedema

• Severe exercise induced dyspnea

• Quantification of MR variable 

• Normal coronary angiography and renal arteries





=> Fibrose et épaississement valvulaire et sous-valvulaire

Ergotamine





• Exercise echocardiography





Worsening of MR which becames torential



Insights? 



Major importance of loading conditions in MR

Before unloading therapy After unloading therapy

ERO 22 mm² ERO 13 mm²



Diastolic dysfunction and left 

atrial enlargement as 

contributing factors to 

functional mitral regurgitation 

in dilated cardiomyopathy: 

data from the Acorn trial.

Importance of cardiac load condition in 

functional MR

Park et al., Am Heart J, 2007



Noninvasively estimated left atrial 
pressure by the E/Ea ratio is a key 
determinant of mitral valve tenting in 
functional mitral regurgitation.

Maréchaux et al. Heart 2010

Importance of cardiac load condition in 
functional MR



83 yo patient, APO

Diuretics
Nitrates

Ennezat, Maréchaux et al, Journal of Cardiac Failure, 2014



E/Ea 20

RT Vmax 3.8 m/s 

E/Ea 11

RT Vmax 2.5 m/s 

Ennezat, Maréchaux et al, Journal of Cardiac Failure, 2014

Diuretics
Nitrates



Assessment of LV diastolic function during exercise

Rest 25 Watts 45 Watts





Mitral annulus dilation

Left atrial pressure

LV dilation

(Global LV remodelling)

Papillary muscle dysfunction
(not sufficient to induce MR)

 Closing forces

Infero-posterior scar

(Local LV remodelling) 
↗ Tethering forces

Insights into functional MR

Mikal et al, Circulation, 1971

He et al, Circulation, 1997



Patient with LV systolic dysfunction

Secondary MR



Ischemic/Functional MR

• Ischemic mitral regurgitation severity may increase during exercise

• A large increase in mitral ERO (∆ ERO ≥ 13 mm2)  has been associated to a 
recent history of acute pulmonary edema, pulmonary hypertension during
exercise and a poor prognosis

RV: 21ml RV: 39 ml



Individual changes in mitral ERO between rest and peak exercise.

Ennezat, Marechaux et al. Eur Heart J 2006;27:679-683

Ischemic/Functional MR



Role of myocardial dyssynchrony 

Ennezat, Maréchaux et al, European Heart Journal, 2006



Role of myocardial dyssynchrony

Patients with an activation delay: LBBB, RV pacing



Ennezat et al, Heart 2005

Marechaux et al, JASE, 2009
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Collaborative study Lille - clinique universitaire St Luc, Bruxelles

120 patients with ischemic LV systolic dysfunction

Changes in ERO > 13 mm² uncommon (8.3%) 

Large increase in ERO correlates with exercise induced wall motion 

abnormalities (60% when  ERO > 13 mm2)

Le Poulain de Waroux et al, unpublished data



Mitral annulus dilation

Left atrial pressure

LV dilation

(Global LV remodelling)

Papillary muscle dysfunction
(not sufficient to induce MR)

 Closing forces

Dyssynchrony, ischemia

Infero-posterior scar

(Local LV remodelling) 
↗ Tethering forces

Insights into functional MR

Mikal et al, Circulation, 1971

He et al, Circulation, 1997



Exercise echocardiography in 

valvular heart disease

• Resting evaluation in valvular heart disease (clinical and Doppler 
echocardiography)

• Importance of the assessment of functional capacity
• No longitudinal data available
• Multiple valves diseases?: no guidelines
• Correlation between exercise symptoms and changes in ventricular

and valvular function and pulmonary pressure
• Expertise (high reproducibility and feasibility in trained centers –

heart valve centers)
• Additional value compared with other data (biomarkers, CT, MRI, 

peak VO2, exercise right catheterism…..)



Hypertrophic cardiomyopathy

LVOT obstruction

93



Clinical case

94

52 yo patient
History of mitral valve repair, with annuloplasty (27 mm), quadrangular resection,  15 years ago
Bisoprolol 5 mg/d
Lipothymia/vertigo during exercise (climbing stairs)
Normal ECG, Holter ECG: no abnormality
What do you consider?



Exercise stress echocardiography

95

• 170 Watts
• 86% maximal HR
• Leg fatigue

• No LVOT obstruction at 
peak or after exercise

• What is your conclusion?



LVOT obstruction after 10 squats

96

Symptoms are reproductible after 10 squats

Peak LVOT obstruction 130 mmHg!

Hydratation, normal amount of salt
Avoid alcohool, high amounts of sugar
Nadolol



97Reant P et al, ACVD, 2018



ExEcho in HCM/LVOT obstruction
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• Semi supine ExEcho is less sensitive than exercise
performed upright

• Take Home message: upright if semi supine echo does
not allow to explain symptoms



Ischemic Heart Disease

Semiology

99



60 yo male

• IHD, stent RCA 10 years ago

• Diabetes, hypertension, dyslipidemia

• Exercise stress echo for atypical chest pain

• 6 :34, workload 80 W, 77% max HR
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73 yo woman

• ACS, RCA desobtruction, NS lesions Cx and 

LAD

• Asymptomatic

• 7min24

• Systolic BP 185/80 mmHg

• 97% max HR

• Workload 80W 

• Fatigue
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Improving stress echocardiography accuracy for detecting left circumflex artery 
stenosis: a new echocardiographic sign?

Chauvel C, Abergel E et al, ACVD, 2012

ascension du segment apico-latéral et/ou un 
déplacement horizontal de la pointe vers la 
droite en incidence apicale 3 ou 4 cavités au 
pic du stress.



Chauvel C, Abergel E et al, ACVD, 2012

Improving stress echocardiography accuracy for detecting left circumflex artery 
stenosis: a new echocardiographic sign?
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