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Assessment of Diastolic Function
Challenging, but Can be Simple

ASE Echo Board Review 2019

Jae K. Oh, MD
Samsung Professor of CV Diseases
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Learning Objectives for Diastology
After this talk, you will be able to

• Understand physiology and hemodynamics of diastole

• Know correlation between Echo diastolic parameters 
and underlying hemodynamics

• Appreciate how 2016 Guideline was created

• Understand pitfalls of Echo diastolic function 
assessment

• Classify and grade diastolic function

• Estimate filling pressure reliably in most patients at rest 
and with exercise
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Do you believe Diastolic Function Assessment is Essential 
in Echocardiography and Patient management ?

1. YES

2. NO

3. I Am Not Sure

4. Only Important for Board Examination 
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Kitabatake et al Japanese Circ J 1982 
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Healthy Normal
E A

Hypertension

Hypertrophic CM

Myocardial Infarction

Kitabatake Circ J. 1982
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Diastolic Filling with Relaxation

διαστολή: Greek word for dilation
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Myocardial relaxation is one of the earliest manifestations of 

mechanical dysfunction of the human LV. The time constant tau 

(Ƭ) is higher in the elderly and patients with HCM, CAD, and 

cardiomyopathies.

Circulation 1980
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Echo evaluation of diastolic function
Trans-mitral inflow velocity
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LV relaxation

LA pressure

All combinations = 7

(ie, same mitral inflow velocity pattern)

7

CP988318-17

Pseudo-normalization
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Mitral Inflow and Pulmonary Vein Flow 
Diastolic Function Assessment

Normal Grade 1 Grade 3
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Diastolic  Function Grading
Mitral Inflow (U curve)

40

0

Normal
Abnormal
relaxation

Pseudo-
normalization

Restrictive

LAP NL (< 15)           Normal

TAU NL (< 45)

Grade 1 2 3

CP1254003-13
Concept from Appleton and Hatle, 1985
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Assessment of  LV Relaxation by Echo

e’ velocity reflects LV relaxation

CP1254003-8Myocardial Relaxation is the Key for Diastole
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Myocardial Relaxation (e’)

e’= 12 cm/s e’ = 4 cm/se’= 7 cm/s



4/30/2019

8

©2018 MFMER  |  3712003-15

Mitral flow

Mitral annulus
velocity

Evaluation of Diastolic Function
Mitral  Inflow and Annulus Velocity

DW Sohn et al:  JACC, 1997

Normal         Ab Relax           Pseudo                 Restrictive

Grade 1 Grade 2 Grade 3

CP1254003-30

Preload dependent

Preload independent
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Nagueh et al:  JACC, 1997

Ommen et al: Circ, 2000   
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CP1254003-31
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Estimation of LV Filling Pressures
E/e’  (Medial MV annulus)
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Ommen SR et al: Circulation 102:1788, 2000
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E/E <8 E/E 8-15 E/E >15
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Ritzema et al JACC Imaging 2011
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What are normal values for e’ and E/e’ ?
Who has normal diastolic function?
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LA Volume Index vs
Diastolic Dysfunction

CP1041500-8
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Left atrial volume index
E/e' ratio

Left ventricular mass index
Relative wall thickness
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p<0.01
*vs line of no 
information;
†vs PASP

*†
*†

*†
†

*

Hypertensive Heart Disease vs HFpEF
Importance of PASP and E/e’

Lam C et al, JACC, 2009
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Four Major Parameters in Diastology
Normal values

1. E’ velocity ≥ 7(med), 10 (lat) cm/s

2. E/e’ ≤ 14 (Av), 15(Med)

3. TR velocity ≤ 2.8 m/sec

4. LAVI ≤ 34 mL/m2

Four Major Diagnostic Parameters

Normal Values

JASE and EJ CV Imaging  April 2016
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New Criteria for Diastolic Function Assessment

Criteria for diagnosis of LV diastolic dysfunction in patients with 
normal LVEF in JASE 2016

In  pts with normal LVEF≥ 50%

1 – Septal e’ velocity ≥7 cm/s or
lateral e′ velocity ≥10 cm/s

2 – Average E/e′ ≤14  , 15 (Med)

3 – TR velocity ≤2.8 m/s

4 – LA volume index ≤34 mL/m2

≥ 3 Normal 2 and 2 ≥ 3 Abnormal

Normal diastolic function Indeterminate Diastolic dysfunction

©2018 MFMER  |  3712003-24
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Echocardiographic Reference Ranges for Normal 
Septal e’ and E/e’ from the NORRE Study

Luis Caballero et al: EHJ, 2015
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Normal Diastolic Function According to 2016 Guideline
Both have LAVI < 34 mL/m2 and TR < 2.8 m/sec

E = 50 A= 100  E/A =0.5 Septal e’ = 6 cm/sec

E/e’ = 8

Septal e’ = 12 cm/sec

E/e’ = 7
E = 80 A= 40  E/A =2.0

True Normal

Age-Related Normal

All 4 are normal

3 are normal

©2018 MFMER  |  3712003-26

Burden of Systolic and Diastolic Ventricular 
Dysfunction in the Community

• Majority was asymptomatic

• Mean age  62.8 year old

• 4.5% Diabetes

• 12.2% CAD

• 25%  Hypertension

Asymptomatic patients with Grade 1 have > 40% Mortality at 4 year 
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Diastolic function

Moderate or severe dysfunction
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Normal

Grade 1 (20.8%)

Grade 2-3 (7.3%)P<0.001

Redfield et al. JAMA 2003
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59 year old male with multiple myeloma
No cardiac symptoms

LAVI = 28 mL/m2

#2

©2018 MFMER  |  3712003-28

59 year old male with multiple myeloma
No cardiac symptoms

TR = 2.3 m/sE= 50 cm/s E/A= 0.8

Septal e’ = 5 cm/s   E/e’ =10

3 are Normal Normal DF
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Impact of the 2016 ASE/EACVI Recommendations on the 
Prevalence of Diastolic Dysfunction in the General Population

Almeida et al EJCVI 2018

%

2016

recommendations

2009

recommendations

Normal

Diastolic dysfunction

Indeterminate

©2018 MFMER  |  3712003-30

Impact of the 2016 ASE/EACVI Guidelines for Evaluation 
of Diastolic Function – A Real World Experience.

Indeterminate

Diastolic DysF

Normal

Prabhakaran Gopalakrishnan MD  et al  AHA 2018
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72 year old male with dyspnea
LAVI and TR Velocity are Normal

E= 40 cm/s  E/A = 0.5

Medial e’ = 5 cm/s     E/e’ =8

3 are Normal Normal DF

What if he has hypertension, ?

©2018 MFMER  |  3712003-32

Abnormal Diastolic Dysfunction by History and 2-D
2016 Diastolic Function Guideline (Algorithm #2) 

• Reduced LVEF  (< 50%)

• Hypertension

• Coronary artery diseases

• Diabetes Mellitus

• LVH

• LA enlargement

We are assuming abnormal relaxation, hence reduced 

e’ velocity.  The best diastolic function in this 

population is grade 1 based on mitral inflow velocity
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In patients with depressed LVEF 
or normal EF with diastolic dysfunction

Mitral inflow

E/A ≤0.8 + E <50 
cm/s

E/A ≤0.8 + E >50 cm/s
or

E/A >0.8-<2

E/A ≥2

Normal LAP

Grade I diastolic 
dysfunction

3 criteria to be evaluated*

1 – Average E/e′ >14

2 – TR velocity >2.8 m/s

3 – LA volume index >34 mL/m2

2 of 3 
negative

2 of 3 or
3 of 3 

positive

2 negative
1 positive and

1 negative
2 positive

When only 2 criteria are available

Cannot determine LAP and 
diastolic dysfunction 

grade*

 LAP

Grade II diastolic 
dysfunction

 LAP

Grade III diastolic 
dysfunction

If symptomatic consider 
CAD or proceed to 
diastolic stress test

©2018 MFMER  |  3712003-34

71 year old woman with 
TR = 2.6 m/sec & LAVI = 39 mL/m2

Lateral e’ = 10 cm/sec Medial e’ = 9 cm/sec

E/e’ = 9 E/e’ = 10

E/e’   NL  < 14

e’     NL  > 7

LAVI  Enlarged

TR    NL   < 2.8

1= Grade 1

2= Grade 2

3= Grade 3

4= Normal
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71 year old woman with 
TR = 2.6 m & LAVI = 39 mL/m2

Lateral e’ = 10 cm/sec

E/e’ = 9

E/e’   NL  < 14

e’     NL  > 7

LAVI  Enlarged

TR    NL   < 2.8

LVOT TVI = 26 cm

©2018 MFMER  |  3712003-36

Reasons for LA enlargement

• Diastolic dysfunction

• Increased filling pressure 

• Increased volume

• Athlete’s heart

• Measurement error
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Definition of Diastolic Function and 
Dysfunction

• Normal Diastolic Function

• Normal Myocardial Relaxation

• Normal Mitral Annulus e’ velocity  

• Abnormal Diastolic Function

• Abnormal Myocardial Relaxation

• Reduced Mitral annulus e’ velocity

• Increased Filling Pressure

• Abnormal Relaxation , E/e’, TR and (LA Volume)

©2018 MFMER  |  3712003-38

38

Diastolic Function Assessment by E and e’
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82 year old male with dyspnea

LAVI = 38 mL/m2

E/A = 1   E= 95 cm/s TR = 2.83 m/s

Medial e’= 5  E/e’=17 Lateral e’= 7  E/e’=13

ARS

1= Gr 1      2=Gr  2     3= Gr  3       4=Abnormal Diastolic Function 

©2018 MFMER  |  3712003-40

The 2016 Algorithm #1

Criteria for diagnosis of LV diastolic dysfunction in patients with 
normal LVEF in JASE 2016

In  pts with normal LVEF≥ 50%

1 – Septal e’ velocity ≥7 cm/s or
lateral e′ velocity ≥10 cm/s

2 – Average E/e′ ≤14  , 15 (Med)

3 – TR velocity ≤2.8 m/s

4 – LA volume index ≤34 mL/m2

≥ 3 Normal 2 and 2 ≥ 3 Abnormal

Normal diastolic function Indeterminate Diastolic dysfunction
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Suggested  Algorithm #1 for Diastolic Function Assessment

In  pts with normal LVEF≥ 50%

1 – Septal e’ velocity ≥7 cm/s or
lateral e′ velocity ≥10 cm/s

2 – Average E/e′ ≤14  , 15 (Med)

3 – TR velocity ≤2.8 m/s

4 – LA volume index ≤34 mL/m2

≥ 3 Normal 2 and 2 ≥ 3 Abnormal

Normal diastolic function Indeterminate Diastolic dysfunction

E/e’, TR, and LAVI 

indicate increased 

filling pressure

Increased Filling 
Pressure

Normal Filling Pressure

©2018 MFMER  |  3712003-42

The 2016 Algorithm for Reduced EF (<50%) or               
Known (or Suspected) Diastolic Dysfunction/EF≥50%

(Hypertension, CAD, Diabetes, MI, History of HF, LVH, LAE)

E = 70cm/s  A=30cm/s  

E/A = 2.3

Grade 3

23 yo with LVH
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23 yo with LVH

Medial e’ = 8 cm/sec Lateral e’ = 10 cm/sec

E = 70 cm/s

E/e’ = 9 E/e’ = 7

Can he have a normal diastolic function ?

©2018 MFMER  |  3712003-44

23 yo man with HCM
LAVI  29 mL/m2

TR = 2 m/sec IVRT = 120 msec
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Valsalva in 23 yo HCM
Normal filling pressure

E/A=  2.3 E/A = 2.0

Normal Valsalva : Both E and A decrease          

with E/A change < 0.5

©2018 MFMER  |  3712003-46

Valsalva Maneuver : E/A reduced > 0.5
Grade 2 Dysfunction 

E= 90  A= 40 E/A=2.3 E= 60  A= 60 E/A=1.0
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Individuals with HPT, CAD, LVH, DM, or MI 
Can Have Normal Diastolic Function

Especially in Young Individuals

©2018 MFMER  |  3712003-48

The 2016 Algorithm for Reduced EF (<50%) or               
Known (or Suspected) Diastolic Dysfunction/EF≥50%

(Hypertension, CAD, Diabetes, MI, History of HF, LVH, LAE)

E’ <7 cm/s
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What about combining 2 algorithms 
together?

©2018 MFMER  |  3712003-50

Revised Algorithm for Diastolic Function Assessment

In  Most Patients *

1 – Septal e’ velocity ≥7 cm/s 

2 – E/e′ ≤ 15 (Med)

3 – TR velocity ≤2.8 m/s

4 – LA volume index ≤34 mL/m2

≥ 3 Normal 2 and 2 ≥ 3 Abnormal

Normal filling pressure
Need more data

PV, IVRT, Valsalva, Strain
Increased filling pressure

Normal 
DF

Grade 1 
DF

Grade 2 
DF

Grade 3 
DF

*Except for
• MAC

• MR

• LBBB/PM

• HCM

• Constriction

• Unusual Cases

Diastolic 

Exercise
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Difficult Situations

• Assessment of diastolic function or filling pressure in

• 2 normal and 2 abnormal

• HCM

• LBBB

• MAC

• Atrial Fibrillation

• Additional supportive parameters

• Pulmonary vein

• Valsalva

• IVRT and timing intervals

©2018 MFMER  |  3727943-52

How is filling pressure in a 80 yo woman with 
Mitral annulus calcification and TAVR?

E= 100 cm/sec

Lat e’= 4 cm/s Med e’ = 3 cm/s

TR = 2.4 m/sec

E= 100 cm/s Pulmonary Vein

1=Normal  2= Increased  3= Indeterminate

S 50 cm/s  

D 30 cm/s
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Correlation of Selected Doppler Variables With 
Left Ventricular Filling Pressure

Abudiab et al: J Am Coll Cardiol Img, 2017
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Proposed Clinical Algorithm for Estimation
of Left Ventricular Filling Pressure in

Subjects With Mitral Annular Calcification

Abudiab et al: J Am Coll Cardiol Img, 2017

High LVFP

Normal LVFP High LVFP

Initial Cohort (n=50):

Sensitivity: 81%

Specificity: 100%

PPV: 100%

NPV: 67%

Total Cohort (n=71):

Sensitivity: 85%

Specificity: 95%

PPV: 97%

NPV: 78%

Initial: 8/9 (89%)

Total 12/13 (92%)

10/10 (100%)

11/11 (100%)

4/9 (44%)

9/14 (64%)

16/16 (100%)

23/24 (96%)

Mitral E/A

IVRTNormal LVFP

<0.8 0.8-1.8 >1.8

80 ms <80 ms
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Diastolic Function in A. Fib

•DT < 160 msec (with reduced EF)

•DT < 130 msec poor survival

•Other measurements

• IVRT ≤ 65 msec

•E/e’ ≥ 11

•TR velocity

©2018 MFMER  |  3727943-56

E/e’ =20

L waveE=120

E’= 6

JASE 1999
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Atrial Fibrillation
Variation in E velocities : NL Pressure

DT = 100 msecDT= 210 msec

©2018 MFMER  |  3727943-58

Atrial Fibrillation
Variation in E velocities and E/e’ <11

E/e’ = 9
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E/e Predicts Survival
in Nonvalvular Atrial Fibrillation
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P=0.02

Okura et al: Heart 92:1248, 2006

P=0.02

EF >50% EF 50%

Group A

E/E 15

Group B

E/E >15

Group A

E/E 15

Group B

E/E >15
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23 YO with LVH on ECG
What does the white arrow indicate?

1. J wave

2. K wave

3. O wave

4. L wave
E = 70 cm/s   A= 30 cm/s  

E/A = 2.3
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L wave

• Usually > 40 cm/sec

• Related to delayed myocardial 
relaxation

• Indicates increased filling pressure

• Grade 2 or 3 dysfunction

• Can be present in normal heart with 
bradycardia

• Usually < 40 cm/sec

Keren et al. Circulation 1986

©2018 MFMER  |  3727943-62

Diastolic Function?

1. Grade 1

2. Grade 2

3. Grade 3

4. Normal

5. Indeterminate

e’ = 4 cm/sec

E/e’ = 30
TR = 4 m/sec

E= 120 cm/s

E/A  = 6

e’     ABNL  < 7

E/e’ ABNL > 14

LAVI  ??

TR     ABNL  > 2.8
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Diastolic Function?

e’ = 4 cm/sec

E/e’ = 30
TR = 4 m/sec

E= 120 cm/s

E/A = 6

e’     ABNL  < 7

E/e’ ABNL > 14

LAVI  ??

TR    NL   > 2.8

©2018 MFMER  |  3727943-64

CP1100934-2
Frommelt et al:  J Am Soc Echocardiogr 16:176, 2003

Mid-diastolic mitral flow (L)
Delayed relaxation

A. Fib
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L wave

J
K

L

©2018 MFMER  |  3727943-66

Mitral annulus e’ velocity 

• ASE/EACVI recommends average value

• E’ from one location is acceptable

• We need a caution in using e’

• Primary pulmonary hypertension

• Pacemaker

• LBBB

• Wall motion abnormality

• Mitral annulus calcification

• Hypertrophic CM
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67 yo woman with LBBB

E= 60  A= 80  E/A = 0.7

Medial e’ = 3 cm/s  E/e’= 23

Lat e’ = 9 cm/s  E/e’= 8

©2018 MFMER  |  3727943-68

67 yo with LBBB

TR = 2.4 m/sec
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Normal Impaired
relaxation

 compliance
 LAP

 compliance
 LAP

PVs
PVd

PVa

Pulmonary Vein Velocity
PVs decreases as filling pressure increases

©2018 MFMER  |  3727943-70

Conclusion: In decompensated patients with advanced systolic 
heart failure, tissue Doppler-derived mitral E/e’ ratio may not be 
as reliable in predicting intracardiac filling pressures, particularly 
in those with larger LV volume, more impaired cardiac indices, 
and the presence of cardiac resynchronization therapy.
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Mullens et al: Circ 119:62, 2009

Discordance between PCWP and E/e’
Reduced LVEF and LBBB 

PCWP 23

E/e’ 18 E/e’ 7

Medial LateralE/A >2

©2018 MFMER  |  3727943-72

June 2011
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Diastolic Function Evaluation in HCM

• E’ velocity is reduced in almost all patients

• E/e’ predicts clinical outcome

• Use following parameters (ASE 2016 Guideline)

• E/e’ >15

• LAVI >34 mL/m2

• TR velocity > 2.8 m/sec

• PV Ar-A duration ≥ 30 msec

• The majority rules

©2018 MFMER  |  3727943-74

Conclusions—In 100 symptomatic patients with HCM, Doppler echo 

estimates of LV filling pressure correlate modestly with direct 

measurement of LAP. Given the complex nature of diastolic 

dysfunction in HCM, precise characterization of LV filling pressure in 

an individual patient cannot be determined with the use of these 

noninvasive parameters. (Circulation. 2007;116:2702-2708.)
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Geske et al:  Circulation; 116:2702, 2007

All studies
All = 0.45x + 11.5
r=0.44
P<0.001

Simultaneous studies
y=0.28x + 13.8
r=0.28
P=0.07

Simultaneous studies
<48 hours between studies

©2018 MFMER  |  3727943-76
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<48 hours between studies
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In patients with depressed LVEF 
or normal EF with diastolic dysfunction

Mitral inflow

E/A ≤0.8 + E 
<50 cm/s

E/A ≤0.8 + E >50 cm/s
or

E/A >0.8-<2

E/A ≥2

Normal LAP

Grade I diastolic 
dysfunction

3 criteria to be evaluated*

1 – Average E/e′ >14

2 – TR velocity >2.8 m/s

3 – LA volume index >34 mL/m2

2 of 3 
negative

2 of 3 or
3 of 3 

positive

2 negative
1 positive 

and
1 negative

2 positive

When only 2 criteria are available

Cannot determine 
LAP and diastolic 

dysfunction grade*

 LAP

Grade II diastolic 
dysfunction

 LAP

Grade III diastolic 
dysfunction

If symptomatic 
consider CAD or 

proceed to diastolic 
stress test

©2018 MFMER  |  3712003-78

Diastolic Stress Echocardiography
First Published in Jan 2005

Ha et al JASE 2005 and Oh et al JASE 2014
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CP1082496-61

73 yo woman with Hypertension and Exertional Dyspnea
No ischemia

E = 50 cm/s DT = 250 ms

e’ = 7 cm/s

E/e’ = 7

“This patient has delayed myocardial 

relaxation, but filling pressure is not 

increased at rest”

4/30/2019
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Dynamic Diastology
Filling Pressure (E/e) with Exercise

E e E/e

Normal

Abnormal

CP1254003-44

LV filling pressure (E/e’) does not increase much with exercise in 

normal heart, but increases in symptomatic patients with diastolic 

dysfunction. 
4/30/2019
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Diastolic Stress Test
Baseline and Peak (or Post) Exercise

• Supine bike or Treadmill 

• 25 watts (3 min) increments

• Assess LVEF, size, and wall motion

• Mitral inflow (E, A, and DT)

• Mitral annulus velocity

• E/e’ ratio

• TR velocity

4/30/2019
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Diastology Exercise Test 
Normal Values

Ha J et al:   AJC, 2003

Baseline Exercise

E (cm/s) 73±19 90±25

A (cm/s) 69±17 87±22

DT (ms) 192±40 176±42

e (cm/s) 12±4 15±5

E/e 6.7±2.2 6.6±2.5

CP1254003-464/30/2019

Mean age 59±14 yrs
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LV Diastolic Function at Rest and With Stress
Diastolic Stress Echoin the Young: Nonathletic (NA) and 

Endurance-Trained (ET) Healthy Subjects

Bruengger et al: JASE, 2014
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E   = 50 

DT = 250 

e’ = 7

Baseline

E/e’ = 7    

TR = 2.4

CP1082496-61Supine Bike

E   = 85 

DT = 140

e’ = 7

E/e’ = 12 

TR = 3.8

Exertional Dyspnea

4/30/2019
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Echo Hemodynamics During Exercise
E/e’ at Sub- and Maximal Exercise

HFpEF = PCWP > 25 mmHg
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Obokata M et al: Circ 135:825-838, 2017
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78 year old male with exertional dyspnea
Diastolic Exercise Test

E= 55 cm/s

E/A= 0.5

e’ = 4 cm/s

E/e’ = 13

E= 120 cm/s

E/A= 1.5

e’ = 5 cm/s

E/e’ = 24

50

Rest Exercise
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The 2016 Guideline can be improved !

• Cut-off values are based on the asymptomatic elderly

• Confusion between diastolic dysfunction and increased 
filling pressure

• Early or compensated diastolic dysfunction (Grade 1) 
can be classified as normal diastolic function

• Adjudication of diastolic dysfunction by clinical and 2-D 
imaging data may not be reliable or available 

• There are 2 separate algorithms

• Additional promising parameters (LA Strain)
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Left atrial volume index (LAVI) and LA strain

• Overlap of LAVI among 
normal and abnormal 
diastolic function (26% 
abnormal in Almeida study; 
EHJ Imaging 2018)

• LA volume measurement can 
be technically challenging

• LAVI does not regress much 
as LVFP gets normalizes, but 
LA strain does. (Huynh et al 
JASE 2015)

Singh et al: JACC Imaging 10:735, 2017
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Normal Grade 1 Grade 3Grade 2
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Lancaster et al. JACC Imaging 2018
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Diastolic Function Assessment
Take Home Point #1

• LV myocardial relaxation is reduced in all stages of diastolic 
dysfunction

• Mitral annulus e’ velocity reflects myocardial relaxation

• Normal e’  = Normal diastolic function

• Algorithm #1 separates normal filling from elevated filling 
pressure

• Initial assessment of diastolic functon is based on

• E’, E/e’, TR velocity, and LAVI
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Diastolic Function Assessment
Take Home Message  #2

• Grade 1 diastolic dysfunction is the best pattern for the 
patients with Heart Failure

• Evidence for diastolic dysfunction needs an objective 
evidence  

• Hypertension

• Cardiomyopathy

• Old age

• DM
The best evidence is reduced relaxation

Reduced e’

L wave

Prolonged IVRT
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Clinical Applications of Diastolic Function Assessment

• Estimation of Filling Pressure at Rest and with Exercise

• Diagnosis of Heart Failure (with Preserved LVEF)

• Evaluation of Dyspnea

• Identification of Myocardial Disease

• Amyloid vs HCM vs Athlete’s Heart vs Hypertension

• Distinction between Restrictive CM and Constriction

• Prognosis

• Myocardial Infarction

• Myocardial Diseases

• Aortic Stenosis
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Doppler Evaluation of Filling Pressure                 
Non-invasive Swan-Ganz Catheter

RAP

PAP

PCWP

Hepatic Vein IVC TR

Mitral 

Inflow 

E

Mitral 

Annulus

e’

Oh  Circulation June 2005

E/e’ = PAWP
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Questions & Discussion


