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 Visual score: 5-10% increments (~7% variability)

 Teichholz: partial outlook

 Simpson rule: where is the endocardium?



 3D Echocardiography
 Best correlation with MRI volumes



 Technical:

 LVEF obtained by echocardiography has a 95% 

confidence interval of ±11%; thus, subtle changes 

frequently are not detected because of measurement 

variability

 Depends on image quality

 Load dependent (pre-load and afterload)

 Heart rate dependent





Negative = shortening, expressed as percentage

Normal (longitudinal)= -20%

Larger negative number = more shortening, better 
contraction





 Off line analysis of echo clips

 Software measures displacement of speckles, using 
speckle velocities to follow speckles from frame to 
frame.

 Movement measured relative to tracked 
myocardial border (VVI)

 Relative speckle displacement is measured 
(distance between adjacent speckles/time)

Software: GE, Siemens (VVI), Philips (QLAB)
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 Displacement 
 Radial

 Circumferential (rotation)

 Longitudinal

 Relative displacement (strain)
 Circumferential

 Longitudinal

 Principal (strain vector)

 Radial 

 Time derivative of displacement (strain rate)
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Radial (SAX views)                   Longitudinal Apical views







 Average longitudinal strain at time of Aortic Valve 
Closure

 Peak of the average LV longitudinal segmental strain 
curve.

AVC
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SEA Infarct

Velocity                           Strain                           Strain Rate
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WMS
• 1 is less than normal
• 3 is not 0 shortening
• Late LS  is higher
• Late CS is lower in 

hypokinetic segments



Early Segmental strains Echo-Score AUC Strain

Threshold

Sens=Spec

Longitudinal strain Normal vs. Abnormal 0.83 (0.79-0.88) -11.7 0.76

Normal vs. Hypo 0.73 (0.65-0.80) -12.9 0.69

Hypokinetic vs. Akinetic 0.71 (0.61-0.80) -9.2 0.65

Circumferential strain Normal vs. Abnormal 0.77 (0.72-0.82) -18.2 0.70

Normal vs. Hypo 0.65 (0.57-0.74) -21.0 0.62

Hypokinetic vs. Akinetic 0.70 (0.60-0.79) -13.6 0.67

Principal strain Normal vs. Abnormal 0.83 (0.79-0.88) 22.7 0.76

Normal vs. Hypo 0.71 (0.63-0.79) 24.9 0.68

Hypokinetic vs. Akinetic 0.75 (0.66-0.83) 18.3 0.75

Late Segmental strains

Longitudinal strain Normal vs. Abnormal 0.74 (0.68-0.79) -13.9 0.68

Normal vs. Hypo 0.60 (0.52-0.69) -15.8 0.56

Hypokinetic vs. Akinetic 0.73 (0.64-0.82) -11.8 0.65

Circumferential strain Normal vs. Abnormal 0.77 (0.72-0.83) -19.1 0.70

Normal vs. Hypo 0.66 (0.58-0.75) -21.5 0.60

Hypokinetic vs. Akinetic 0.72 (0.63-0.81) -14.5 0.69

Principal strain Normal vs. Abnormal 0.80 (0.75-0.85) 23.8 0.75

Normal vs. Hypo 0.66 (0.57-0.75) 26.2 0.64

Hypokinetic vs. Akinetic 0.76 (0.67-0.85) 19.9 0.67
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 Low LS

 Low CS

 Low apical 
rotation





J Am Coll Cardiol 2014;63:2751–68



Negishi K et al, JASE 2013, 26: 493-8Sawaya H et al. Am J Cardiol 2011;107:1375

N=81, 30% CTOX, All 
trastuzumab, 40% AN=43, 21% CTOX, AC 

followed by TZM



NL

All Lower 

than NL

Compensated









-25

-20

-15

-10

-5

0

5

10

15

0 20 40 60 80 100

Time (percent cycle length)

L
o

n
g

it
u

d
in

a
l 
s

tr
a

in
 (

p
e

rc
e

n
t)

Normal (reference)

Mildly reduced shortening

Severely reduced Shortening

Severe holosystolic stretching

Dyssynchrony

prematurely halted shortening



3-4 Mildly Hypokinetic

2 Pseudo Dyssynchrony

1 Dyssynchronous

0 Akinetic

-2 Mildly Dyskinetic

-4 Severly Dyskinetic

Strain Pattern
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3-4 Mildly Hypokinetic

2 Pseudo Dyssynchrony

1 Dyssynchronous

0 Akinetic

-2 Mildly Dyskinetic

-4 Severly Dyskinetic

… and No severely dyskinetic Segments

Anterolateral dyssynchrony…

Septal pseudodyssynchrony…

Strain Pattern
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Negishi T et al, JACC CV Imaging, 2016, Oct 6
58 Readers from North America, Europe, Asia and Oceania
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No = 0 cases
Limited = 1-20 
Intermediate = 21-100
High  >100 cases
Expert > 1000 cases



What is normal LV systolic function?

Merely normal LVEF or:

 Normal bi-plane strain: LS and CS

 Normal strain gradients 
(Apex-base, Endo-Epi)

 Normal Rotation (magnitude, orientation)

 Normal segmental and global strain









…Discussion:



… When conventional 2D Doppler echo fails



θ1 – Peak rotation
angle

θ2 – Angle after 10%
cycle length into
diastole
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 Same cycle

 Automated contour 
detection

 LS and CS segmental 
registration
 Relative longitudinal 

motion correction

 More strains:
 Principal strain and 

angle

 Shear strains


