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Disclosure
• Consulting for Medtronic’s Valve Project
• Echo Core Lab for TMVR   (Medtronic Inc)
• Echo Core Lab for Valve in MAC (Edward Science)
• Echo Core Lab for TAVR



Exercise Echo in Valvular Heart Diseases
When to do it ?

• Aortic stenosis
• Mitral regurgitation
• Mitral prosthesis
• Aortic regurgitation
• Mitral stenosis

• Asymptomatic patients with 
severe VHD

• Symptomatic patients with 
less than severe VHD

Symptoms
Resting Echo 

Data



Exercise Test for Valvular Heart Diseases

ASE/EACVI Guideline 2017
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Class I Recommendation for Exercise in Mitral Stenosis

Exercise testing with Doppler or invasive hemodynamic 
assessment is recommended to evaluate the response 
of the mean mitral gradient and PASP in patients with 

MS when there is a discrepancy between resting 
Doppler echocardiographic findings and clinical 

symptoms or signs. (Level of Evidence: C)
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Evaluation of Severity of Mitral Stenosis

MG  5 mmHg @60 BPM

TR 2.2 m/s

MG 22 mmHg

TR 3.5 m/s

Rest Exercise

Severe MS  MG > 15 with exercise, > 18 mmHg  with Dobutamine



©2018 MFMER  |  3712003-8

70 year old woman with hypertension and NYHA III 
Mitral annulus calcification and  increased gradient

MV MG 8 mmHg

TR = 3 m/sec

Severe MS at resting Echo 
MVA < 1 cm2   ESC   and < 1.5  cm2  ASE
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70 yo woman with hypertension and NYHA III 
Mitral annulus calcification and stenosis

MG = 9 mmHg
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Class Ila Recommendation : Exercise in VHD
Exercise testing is reasonable in selected 
patients with asymptomatic severe VHD to 

1) confirm the absence of symptoms, or 
2) assess the hemodynamic response to 
exercise, or 
3) determine prognosis 

(Level of Evidence: B)
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Exercise Test for Low Gradient Severe AS

Vel 3.2  to 4.2  m/sec
MG  24   to 41 mmHg
AVA  0.9 cm
TR V 2.5  to 4.0 m/sec



©2018 MFMER  |  3712003-13M. Banovic et al 
 



©2018 MFMER  |  3712003-14

3 patients with severe aortic stenosis 
Different systolic and diastolic functionAV velocity 4.1 m/s  E= 60 cm/s, E/A  1.5 Medial e’ = 7 cm/s

E/e’ =9

E= 40 cm/s, E/A  0.4 e’= 5 cm/s  
E/e’ =7

AV velocity 4.5 m/s

AV velocity 4.2 m/s E = 90 cm/s, E/A  3.0 e’ =  5 cm/s
E/e’  = 18

Normal Diast

Grade 1

Grade 3
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Biner and Siegel et al JACC Imaging 2010

E/e’ ≥ 15 is a Bad  Prognostic Sign in AS

Thaden et al Heart 2020

E/e’ < 15

E/e’ < 15

E/e’ ≥ 15

E/e’ ≥ 15
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Moderate Aortic Stenosis at Mayo

• A total of 696 patients
• Median age 77 years 
• Mean AVA 1.3 cm2, 
• 57% male 
• 45% symptomatic

• During a median follow-up of 3.4 years, there were 279 
deaths (40%). 

Ito, Miranda, Oh et al JASE 
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LV  Global Longitudinal Strain in Moderate Aortic Stenosis

Zhu  and Ito et al Circ Imaging 2020
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Survival outcomes for patients with moderate AS with LVEF ≥60%

Zhu and Ito et al Circ Imaging 
2020

AVR

N = 188 N = 101
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Strange et al  JACC 2019
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E/e’ > 14

E/e’≤ 14

Giudicatti et al. JASE 2021
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Clinical Trials to test  following AS Rx

Asymptomatic Severe AS
Symptomatic Moderate AS

LVEF < 60% LVEF ≥ 60%

E/e’ ≥ 15 GLS < -14% Fibrosis Myocardial Work
AVR

UNLOAD
PROGRESS

EXPAND
Trials
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Exercise testing in MR and TR
Class IIa
1. Exercise hemodynamics with either Doppler echocardiography or 
cardiac catheterization is reasonable in symptomatic patients with 
chronic primary MR where there is a discrepancy between symptoms 
and the severity of MR at rest (stages B and C)  (Level of Evidence:
B)
2. Exercise treadmill testing can be useful in patients with chronic 
primary MR to establish symptom status and exercise tolerance 
(stages B and C). (Level of Evidence: C)
3. Exercise testing may be considered for the assessment of exercise 
capacity in patients with severe TR with no or minimal symptoms 
(stage C). (Level of Evidence: C)



©2018 MFMER  |  3712003-23

Symptom-Free Survival with MR
Change in Reg Volume with Exercise 

0

20

40

60

80

100

0 6 12 18 24 30

Magne et al: JACC 56(4):300, 2010

39 35 30 23 18 13
18 15 11 7 5 3

Follow-up, months

Sy
m

pt
om

-fr
ee

 
su

rv
iv

al
, %

P=0.0015

Changes in RV < +15mL

Changes in RV ≥ +15mL



©2018 MFMER  |  3712003-24

Rest Stage 2 Stage 4

63 year old woman
Recurrent Pulmonary Edema



LV Strain in Aortic Regurgitation

Alashi and Desai et al 
JACC Imaging 2020

In patients with ≥ 3+ chronic AR and preserved LVEF undergoing AVR,    
a baseline LV-GLS value worse than 19% was associated with reduced 
survival. When returned for 3- and 12-month follow-up examinations, 
persistently impaired LV-GLS was associated with increased mortality.
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“Valvulo-Myocardial Interaction”

Valvular Heart 
Disease

Systolic  or Diastolic 
Dysfunction

Stenosis 
Regurgitation 

LVH
Fibrosis

LV/RV Dilation
LA/RA Dilation 

▼ Ejection Fraction
▲ Filling Pressure
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Exercise, Diastolic Function and Strain for VHD

• Exercise when the severity of VHD does not match with 
symptoms

• VHD intervention should be based on (in addition to 
symptoms)

• Symptoms
• Exercise response
• Strain
• Diastolic function
• Evidence of fibrosis or myocardial dysfunction

Please perform diastolic function and strain imaging 
for all VHD patients
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Thank you for listening!
Oh.jae@mayo.edu
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