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• Shortness of breath is key symptom in heart failure 
• Many patients only develop symptoms on exertion

• Approximately 50% of patients with heart failure have preserved 
ejection fraction

• LV filling pressures may be normal at rest, but significantly 
increase with exertion

• In patients with HFpEF, 40-50% have normal filling pressures at 
rest

Diastolic stress test

JACC 2020; 13:272-282.   Prof J Oh, 2022



Normally, SV and CO increase without significant change 
in filling pressures, due to augmentation of myocardial 
relaxation and early increased diastolic suction

One of the earliest manifestations of 
dysfunction is reduced LV relaxation
Patients may only be able to increase 
CO by increasing LV filling pressures 
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Exercise normally results in 
a proportional increase in 
the mitral inflow E velocity 
and the mitral annular e’ 
velocity, so that E/e’ does 
not change
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Diastolic stress test
- Diastolic dysfunction results in decreased LV relaxation
- Augmentation of myocardial relaxation is best reflected 
by the e’ velocity, which is limited in diastolic dysfunction
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Diastolic stress test

- There is more limitation 
to the e’ velocity compared 
to the E velocity
-This results in an increase 
in the E/e’ with exercise

- Diastolic dysfunction results in decreased LV relaxation
- Augmentation of myocardial relaxation is best reflected 
by the e’ velocity, which is limited in diastolic dysfunction

JASE 2016; 29:277-314;   



Additionally, exercise produces 
an increase in HR, resulting in 
decreased duration of diastole, 
with a subsequent decrease in 
diastolic filling time

Diastolic stress test
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Post exercise:
• E/e’ > 10 sensitive predictor of 

advanced diastolic dysfunction

• E/e’ > 15 is more a specific 
predictor for advanced diastolic 
dysfunction

Diastolic stress test
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• Recommended in 2016 ASE Guidelines
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• Recommended in 2016 ASE Guidelines
• For patients where resting echocardiography does not explain patient’s 

symptoms
• Not recommended for patients with definite diastolic dysfunction at rest
• They recommend doing on the supine bicycle (but concede that it can be 

done on the treadmill)
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• For patients where resting echocardiography does not explain patient’s 

symptoms
• Not recommended for patients with definite diastolic dysfunction at rest
• They recommend doing on the supine bicycle (but concede that it can be 

done on the treadmill)
• They consider the test as being abnormal if averaged E/e’ > 14 or septal 

E/e’ > 15 
• PLUS TR velocity > 2.8m/s 
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• Recommended in 2016 ASE Guidelines
• For patients where resting echocardiography does not explain patient’s 

symptoms
• Not recommended for patients with definite diastolic dysfunction at rest
• They recommend doing on the supine bicycle (but concede that it can be 

done on the treadmill)
• They consider the test as being abnormal if averaged E/e’ > 14 or septal 

E/e’ > 15 
• PLUS TR velocity > 2.8m/s 
• AND septal e’ velocity < 7cm/s (or lateral e’ velocity < 10cm/s)
• Normal test: E/e’ < 10 AND peak TR velocity < 2.8m/s
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BUT
• Based on three (3) studies which used a variety of different measuring 

points and totalled 109 patients, and one (1) additional study of 522 patients, 
where an abnormal DST was determined if the septal E/e’ increased to 
more than 10

• Two (2) studies were performed on supine bicycle and two (2) on treadmills

• Two (2) looked at change to E/e’, two (2) assessed more comprehensively

• One (1) with 12 patients compared stress diastology to right heart catheter 
pulmonary pressures
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BUT
• Based on three (3) studies which used a variety of different measuring 

points and totalled 109 patients, and one (1) additional study of 522 patients, 
where an abnormal DST was determined if the septal E/e’ increased to 
more than 10

• Two (2) studies were performed on supine bicycle and two (2) on treadmills

• Two (2) looked at change to E/e’, two (2) assessed more comprehensively

• One (1) with 12 patients compared stress diastology to right heart catheter 
pulmonary pressures

• Guidelines diastolic stress test: “expert opinion”
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Stress diastology
Normal response is for the E/e’ ratio essentially not change

Rest E 80cm/s  e’ 10cm/s  E/e’ 8 Peak E 95cm/s  e’ 13cm/s  E/e’ 7

J Am Coll Cardiol. 2006;47(9):1891-900



Stress diastology

J Am Coll Cardiol. 2006;47(9):1891-900

The abnormal response if for the E/e’ to significantly increase

Rest E 60cm/s  e’ 8cm/s  E/e’ 8 Peak E 125cm/s  e’ 8cm/s  E/e’ 15



Stress diastology

J Am Soc Echocardiogr. 2008 Apr;21(4):331-6



• Guidelines recommend exercise related diastolic 
dysfunction with E/e’ > 14 and 15

• Research defining an abnormal DST as a septal E/e’ 
>10

Diastolic stress test

JASE 2016; 29:277-314 
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Stress diastology

• Subsequent research 
suggests that it also may 
predict HF outcomes

• 2201 consecutive stress 
echocardiograms

• Septal E/e’ was determined 
to be the best marker

• Increased E/e’ to ≥ 12 was 
determined to be the 
prognostic cut point for 
statistical significance

Fitzgerald, Presneill, Scalia I, Hawkins, Celemajer, Scalia W, Scalia GM 
JASE 2019;32(10):1298-1306



Stress diastology
This research suggests that it also may be a marker of increased 

HF outcomes  (n=2201)

Fitzgerald, Presneill, Scalia I, Hawkins, Celemajer, Scalia W, Scalia GM 
JASE 2019;32(10):1298-1306



Stress diastology

Fitzgerald, Presneill, Scalia I, Hawkins, Celemajer, Scalia W, Scalia GM 
JASE 2019;32(10):1298-1306
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• 14 338 Patients
• Defined 

• LV filling pressures by septal E/e’
• Normal Doppler response to stress as a 15-25% increase 

in mitral E velocity and a 20-30% increase in the septal e’ 
velocity

• Abnormal response was a marked increase in E velocity 
and little or no increase in e’ velocity

Diastolic stress test
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• Findings:
• Increase in E/e’ resulted in an 

increase in mortality
• The higher the E/e’ post 

exercise, the worse the 
survival

Diastolic stress test
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• A post stress E/e’ ≥ 15 resulted 
in the highest mortality

• An E/e’ ≥ 10 still produced 
statistically significant increase in 
mortality

Diastolic stress test
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• A post stress E/e’ ≥ 15 resulted 
in the highest mortality

• An E/e’ ≥ 10 still produced 
statistically significant increase in 
mortality

• But the highest mortality 
occurred with an elevated E/e’   
at rest

Diastolic stress test
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• Authors’ comment:
• Elevated post exercise E/e’ ≥ 15 is an independent 

predictor of mortality

but a post exercise E/e’ ≥ 10 is also!

Diastolic stress test

JASE 2024; 37: 382-393 



• Guidelines recommend exercise related diastolic dysfunction 
with E/e’ > 14 and 15

• Research defining an abnormal DST as a septal E/e’ ≥ 10
• 2019 paper showed increased heart failure outcomes after a 

post exercise septal E/e’ ≥ 12

Diastolic stress test
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• Research has showed exercise related diastolic dysfunction 
with E/e’ > 14 and 15

• Research defining an abnormal DST as a septal E/e’ >10
• 2019 paper showed increased heart failure outcomes after a 

post exercise septal E/e’ ≥ 12

Diastolic stress test

JASE 2024; 37: 382-393

2024 paper showed steadily worsening 
mortality with progressive increase from a post 
exercise septal E/e’ ≥ 10 and greatest more 
than 15



Recommended in 2016 ASE Guidelines
For patients where resting echocardiography does not explain patient’s 

symptoms
Not recommended for patients with “normal” resting diastolic function, or 

for those with definite diastolic dysfunction at rest
They recommend doing on the supine bicycle (but concede that it can be 

done on the treadmill)
• They consider the test as being abnormal if averaged E/e’ > 14 or 

septal E/e’ > 15 PLUS TR velocity > 2.8m/s AND septal e’ velocity < 7cm/s 
(or lateral < 10cm/s)

Normal test: E/e’ < 10 AND peak TR velocity < 2.8m/s

Diastolic stress test

JASE 2016; 29:277-314 



Recommended in 2016 ASE Guidelines
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done on the treadmill)
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Normal test: E/e’ < 10 AND peak TR velocity < 2.8m/s

Diastolic stress test
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2.8m/s = 
32mmHg



PASP with exercise

Mahjoub et al,  European Congress of Cardiology,  2009

20-30 yrs 30-40 yrs 40-50 yrs 50-60 yrs 60-70 yrs 70-80 yrs 

PASP at rest 
(mmHg) 

27±4 
(22-34) 

29±3 
(22-32) 

28±3 
(23-35) 

26±4 
(19-35) 

27±4 
(21-33) 

28±6 
(20-38) 

EF at rest 65% 63% 68% 68% 66% 69% 

PASP at peak 
(mmHg) 

45±7 
(33-55) 

51±6 
(36-56) 

52±9 
(41-65) 

53±4 
(45-60) 

54±12 
(37-70) 

58±7 
(46-65) 

EF at peak(%) 76% 72% 76% 75% 69% 71% 

% of 
PASP≥60mmHg 0 0 26% 

(n=4) 
0.08%
(n=1) 

36% 
(n=4) 

50% 
(n=5) 





● n=1100

● TR velocity increased from 2.6±0.6m/s to 3.2±0.4m/s

● RVSP increased from 30mmHg to 45mmHg, with an upper limit of 
normal of 55mmHg     or 3.7m/s

● ePLAR increased from 0.27m/s to 0.36m/s
● Normal cardiac output increase with exertion

RVSP with exercise

CSANZ 2018



• RVSP assessment

Diastolic stress test
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● 2024   n=14 338

● RVSP > 50mmHg (3.5m/s) 
associated with increased 
mortality

● RVSP < 50mmHg NOT 
associated with increased 
mortality

RVSP with exercise

JASE 2024; 37: 382-393



? Diastolic stress test requiring a peak exercise TR velocity 
of > 2.8 m/s, and for a normal test to have a peak TR 
velocity of < 2.8m/s

RVSP with exercise



• 2016 ASE Guidelines
• For patients where resting 

echocardiography does not 
explain patient’s symptoms

• Abnormal DST:
• Averaged E/e’ > 14 or septal E/e’ > 15 

• PLUS TR velocity > 2.8m/s 

• AND septal e’ velocity < 7cm/s (or 
lateral < 10cm/s)

• Normal test: 

• E/e’ < 10 AND peak TR velocity < 
2.8m/s

Diastolic stress test
• BUT
• Research has mainly looked at 

E/e’
• A variety of E/e’ values have 

been shown to be significant
• What is a normal post exercise 

TR velocity?
• Only recordable in about 60% of 

patients



Diastolic stress test
What to do?



• Diastolic dysfunction produces ↑ SOB, especially 
with exertion

• Therefore, patients with diastolic dysfunction should 
have reduced exercise capacity

Exercise capacity



• 2019 DST paper
• Mean exercise capacity in Normal DST (n=2001) was 

10.9 METs ± 3.3
• Mean exercise capacity in the Abnormal DST (n=200) 

was 8.9 METs ± 2.7 p=0.01

• Upper 95th percentile for exercise for patients with 
diastolic dysfunction was < 9.5 METs

Exercise capacity

Fitzgerald, Presneill, Scalia I, Hawkins, Celemajer, Scalia W, Scalia GM 
JASE 2019;32(10):1298-1306



• Left atrial strain is a speckle tracking technique that 
quantifies magnitude and rate of LA myocardial 
deformation

• The 3 most commonly used parameters currently 
measure

• Reservoir
• Conduit
• Contractile LA function 

Left atrial strain



• Left atrium receives returning venous blood, acting 
as a reservoir

• The small pressure gradient between the LA and 
LV then permits the passive transfer of blood 
(acting as a conduit)

• In late ventricular systole, the LA actively pumps, 
adding to LV SV (contractile pump)

• Finally, LA suction assists in LA early systolic filling

Left atrial strain

Thomas et al. JASE. 2020;33(8):934-52



• Assessment of LAS before 
and after treadmill exercise is 
feasible, quick and 
reproducible

• In patients with non-ischaemic 
stress echocardiograms with 
normal filling pressures, LAS 
parameters increase post 
exercise

Left atrial strain

Paper submitted 2025



• LAS did not increase in 
patients with an ischaemic SE

Left atrial strain
Ischaemic

Paper submitted 2025



• LAS did not increase in 
patients with an ischaemic SE

• LAS did not increase in 
patients with an Abnormal 
DST (non-ischaemic SE with 
elevation in filling pressures) 

Left atrial strain
Ischaemic Abnormal DST

Paper submitted 2025



• These data suggest 
that LAS may have a 
role in the DST (as 
well as myocardial 
ischaemia)

Left atrial strain

Paper submitted 2025



• 2016 ASE Guidelines
• For patients where resting 

echocardiography does not 
explain patient’s symptoms

• Abnormal DST:
• Averaged E/e’ > 14 or septal E/e’ > 15 

• PLUS TR velocity > 2.8m/s 

• AND septal e’ velocity < 7cm/s (or 
lateral < 10cm/s)

• Normal test: 

• E/e’ < 10 AND peak TR velocity < 
2.8m/s

Diastolic stress test



• 2016 ASE Guidelines
• For patients where resting 

echocardiography does not 
explain patient’s symptoms

• Abnormal DST:
• Averaged E/e’ > 14 or septal E/e’ > 15 

• PLUS TR velocity > 2.8m/s 

• AND septal e’ velocity < 7cm/s (or 
lateral < 10cm/s)

• Normal test: 

• E/e’ < 10 AND peak TR velocity < 
2.8m/s

Diastolic stress test
• How I perform the DST:
• For patients where resting 

echocardiography does not 
explain patient’s symptoms

• Abnormal if post exercise septal 
E/e’ increases to ≥ 10- 12 

• And exe rcise  ca pa city is reduced

• Normal te st if the  post exe rcise  
sep ta l E/ e ’ < 10



• 2016 ASE Guidelines
• For patients where resting 

echocardiography does not 
explain patient’s symptoms

• Abnormal DST:
• Averaged E/e’ > 14 or septal E/e’ > 15 

• PLUS TR velocity > 2.8m/s 

• AND septal e’ velocity < 7cm/s (or 
lateral < 10cm/s)

• Normal test: 

• E/e’ < 10 AND peak TR velocity < 
2.8m/s

Diastolic stress test
• How I perform the DST:
• For patients where resting 

echocardiography does not 
explain patient’s symptoms

• Abnormal if post exercise septal 
E/e’ increases to ≥ 10- 12 

• Normal te st if the  post exe rcise  
sep ta l E/ e ’ < 10

• And exe rcise  ca pa city is reduced

• Utilise  LAS to confirm the  
d ia gnosis



Resting quads



Diastolic stress test

E/e’ = 7



Diastolic stress test
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Diastolic stress test

Courtesy Prof Scalia



Diastolic stress test

Courtesy Prof Scalia



Complete in less than 90 seconds



Diastolic stress test



Diastolic stress test



Diastolic stress test



• You have time to do the mitral inflow Doppler and 
Doppler tissue imaging

• Early DST research performed the diastolic 
parameters between 5-10 minutes post exercise!

Diastolic stress test

JACC 1997;30(6):1527–33



• You have time to do the mitral inflow 
Doppler and Doppler tissue imaging

• Early DST research performed the 
diastolic parameters between 5-10 
minutes post exercise!

• Current research has performed E/e’ at 
2-3 minutes post exertion

Diastolic stress test

JASE 2019;32(10):1298-1306



Diastolic Stress Testing
• Measure the E and the e’ at the same phase of 

respiration (and the LAS clips)



• 68F

• Progressive SOBOE over 6 months

• Progressively limiting activities

Case







Complete in less than 90 seconds



Resting septal E/e’ = 9



Post exercise septal E/e’ = 12





Case
• Non-ischaemic stress images

• Poor exercise capacity (achieved 5.9 METs)

• Septal E/e’ increased 9 to 12 with exertion

• Abnormal LAS response

• Abnormal diastolic stress test

• Commenced on Forxiga

• 6 months later back playing golf and feeling much improved



• Future directions:
• New guidelines

Diastolic stress test



• Future directions:
• New guidelines
• LA strain….
• Utilising exercise 

capacity

Diastolic stress test

Circ. CV Imaging. 2017; 10(10):e007023



• For patients where resting echocardiography does not explain patient’s 
symptoms

• Measure the E and the e’ at the same phase of respiration

• You have time to get your measurements

Diastolic stress test



• What to do?
• Can follow the 2016 ASE Guidelines

or

• Abnormal if post exercise septal E/e’ increases to ≥ 10 - 12 
in patients with reduced exercise capacity ± abnormal LAS

• Normal test if the post exercise septal E/e’ < 10  (? 9)

Diastolic stress test



• What to do?

• Can follow the 2016 ASE Guidelines

or

• Abnormal if post exercise septal E/e’ increases to ≥ 10 - 12  with poor exercise capacity

• Normal test if the post exercise septal E/e’ < 10  (? 8)

• Consider using LAS

Diastolic stress test



Diastolic stress echocardiography
- What diastolic stress echocardiography is and how to do it

- The value and meaning of this form of testing
- Very valuable part of cardiac assessment
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