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SPEAKER PRESENTATION DISCLAIMER

The content and views presented are made available for educational purposes only. The
information presented are the opinions of the presenter and do not necessarily represent
the views of the Society of Diagnostic Medical Sonography (SDMS) or its affiliated
organizations, officers, Boards of Directors, or staff members.

The presenter is responsible for ensuring balance, independence, objectivity, scientific
rigor, and avoiding commercial bias in their presentation. Before making the presentation,
the presenter is required to disclose to the audience any relevant financial interests or
relationships with manufacturers or providers of medical products, services, technologies,
and programs.

The SDMS and its affiliated organizations, officers, Board of Directors, and staff members
disclaim any and all liability for all claims that may arise out of the use of this educational
activity.
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Cardiac Function

Systolic function is seen in the steep
rise of LV pressure and rapid fall in LV
volume during ejection.

Diastolic function is reflected in how
quickly LV pressure falls in relaxation
and how efficiently it fills during early
diastole.
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Stl‘ain Fundamentals End Diastole End Systole

Measures the tissue stiffness and
degree of distortion or
deformation with shortening
during systole

Strain rate and strain deformity
imaging is helpful in
echocardiography for
determining the stiffness of the
ventricular walls and function

Strain Fundamentals

Speckle Tracking Technology

Speckle is caused by interference of ultrasound
waves/energy from randomly distributed scattered
echoes

Speckle Tracking uses technology to follow patterns in
the ultrasound image
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Strain Fundamentals

Speckle Tracking Technology

Speckle Tracking uses technology to follow
patterns in the image.

Speckle Tracking can be used to calculate
velocity, motion, deformation (deformation
rate) by using pattern matching technology
to determine myocardial distortion and
deformation

Strain Fundamentals

In echocardiography, the term “strain” is used to describe local shortening, thickening and lengthening of the
myocardium as a measure of regional and global function.

Radial Circumferential Longitudinal
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Strain Fundamentals

In echocardiography, the term “strain” is used to describe local shortening, thickening and lengthening of the
myocardium as a measure of regional and global function.
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Strain Fundamentals

Rotation occurs around the long axis
of the LV

* Basal rotation in a clockwise
direction (negative value)

* Apical rotation in an anticlockwise
direction (positive value), when
viewed from the apex during
systole

* From rotation values, twist and
torsion are calculated

Speckle Tracking Echocardiography in Patients With Diastolic Dysfunction and Normal Ejection Fraction” by Park SJ et
al.; Borg, Alexander N. et al. Journal of the American Society of Echocardiography, Volume 22, Issue 3, 318 - 320
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Strain Fundamentals

Imaging parameters of quality LV Strain imaging
NO or little heart rate variability from view to view
NO changes in image depth from view to view
No axis deviation/foreshortening
Good ECG waveform (Tall R waves)
Frame Rate of 40-90Hz

MACH e " A2CH g

Strain Fundamentals

Additional parameters & analysis:

* Left Ventricular Ejection Fraction (LVEF), Left Ventricular
Volume, and Cardiac Output

Displacement: distance that a certain feature, such as a
speckle, has moved between two consecutive frames (cm)

Myocardial Velocity: reflects displacement per unit of time,
or how fast the location of a feature changes (cm/s)

Cardiac Strain: describes myocardial deformation, or the
fractional change in length of a myocardial segment (%).
Algorithms exist to calculate cardiac strain in the ventricles
and atria (LV, RV, LA, or RA)

Strain Rate: is the rate of change in strain and is expressed
as 1/sec or sec-1
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Strain Fundamentals

Strain Strain Rate
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Strain=L_- Lo 4 |00 Difference between Strain Rate =
Lo Strain Rate and Strain || c—cGp——

L= Length at given point in time t = time (in seconds)
Lo= Baseline length

d€
dt

derivative of strain with respect to time

(Lagrangian)

Strain Fundamentals

Table 5 Etfect of vendor age and gender on GLS

Global Longitudinal Strain Values

~212+18 21121 —21.4 220 -210+22 -203=19
 Normal: -17% or more negative 209218 206219 209218 21019  -197=14
: -23:16 28218 226221 233119  -208:21
* Borderline: -15% to -17% P (male vs female) 22 0316 <0001 o178 0029 1381
v2

¢ Abnormal: -15% or more positive Overal ~199+25  -190:21 195222  -182225  -178%25 -167:21
Male 19427 188120 191223 -179%28 -169+23 -158:14

Varies by vendor but in general (-)17% Female -205+22 -06x23 -202:20 193209 20415 -17.3x23
P (male vs female) 1349 0248 1083 4316 0294 0928

va

Overall 2417 02:21  M4£23 104522  185%26  7B+2B
Male 21620 -02:20 -W4:22 198223 -187£26 163231
Female 212:15  -202:24 04228 18718 -183+28  -186:23
Pmalevstemal) 6076 o8 : 0668

V1, Vivid 7 or Vivid ES (GE Healthcare); V2, iE33 (Philips Medical Syste

Head-to-Head Comparison of Global Longitudinal Strain Measurements among Nine Different Vendors
Farsalinos, Konstantinos E. et al.
Journal of the American Society of Echocardiography, Volume 28, Issue 10, 1171 - 1181.e2
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Clinical Impact of Strain
Why Strain?
Ejection fraction limitations

Subclinical myocardial dysfunction
Less load dependent

+A4Cs
LVLength 5.61cm
LVArea 14.4cm
LV Vol 31 ml
*  ESV(A4C)1 30.90 ml
B EF(AC)Y 68Y%
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Ischemia Cascade

Perfusion Wall Motion EKG Angina, Ml &
Abnormalities Abnormalities Abnormalities Death

'ELECTRICAL CHANGES

REGIONAL SYSTOLIC DYSFUNCTION

DIASTOLIC DYSFUNCTION

ISCHEMIA

Increasing Duration & Degree of Ischemia

Ischemia Cascade

Perfusion Wall Motion EKG Angina, Ml &
Abnormalities Abnormalities Abnormalities Death

'ELECTRICAL CHANGES
REGIONAL SYSTOLIC DYSFUNCTION

>k Abnormal Strain Imaging
DIASTOLIC DYSFUNCTION

ISCHEMIA
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Clinical Impact of Strain

Strain Deformation Imaging

Ischemia Detection: Delayed peak
strain beyond aortic valve closure
suggests post-systolic shortening—a
sign of regional ischemia.
Dyssynchrony Assessment: In a healthy
ventricle, all segmental strain curves
reach peak just before aortic valve R
closure;in dyssynchrony, peaks scatter B
across systole. ; _/
Diastolic Function: Strain recovery 3 : 3 N Electrocardiogram
slopes during early filling can mirror 3 ot i3 | 3 3 _

. . . i A : Mp— Phonocardiogram
diastolic relaxation seen on the ‘ Poob ‘ :
Wiggers diagram volume curve
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Clinical Impact of Strain

Strain Deformation Imaging

In cardiac imaging, strain is primarily evaluated in relation to the deformation and stiffness of

the myocardial fibers
Helpful in echocardiography for determining the stiffness of the ventricular walls and function

‘ . [ PeakSystolic Strain
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Clinical Impact of Strain

* LV global longitudinal diastolic strain
measurements during the isovolumic
relaxation period and during early diastole.

* The timing of peak untwisting rate can be
of value in diagnosing patients with
diastolic dysfunction and normal LV
volumes and EF.

©AIl About Ultrasound, Inc.

Clinical Impact of Strain

Cardio-Oncology & Cardiotoxicity Diagnosis via Strain
Changes in strain precede declines in left ventricular ejection fraction
10-15% early reduction in strain, the most useful parameter for prediction of cardiotoxicity.

A relative decline in global longitudinal strain >15% is defined as indicative of subclinical left ventricular
dysfunction and should prompt cardiology consultation

4
4

Pre-Chemo EF 62% 6Months EF 54% 12Months EF 48%
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Strain Analysis

Standard longitudinal strain curve plots:

* X-axis: Time (one full cardiac cycle from
end-diastole to the next end-diastole)

* Y-axis: Strain percentage (% change in
length)

* Zero line: Represents baseline length at
end-diastole.

AV CLOSURE
—_

Dyssynchrony
Premature LV
Shortening
Reduced GLS
Normal GLS
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Strain Analysis

Bull’s Eye View
The bull’s-eye view is a comprehensive visualization of the entire LV based on A4C, A2C and A3C views.
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Strain Analysis

Bull’s Eye View
The bull’s-eye view is a comprehensive visualization of the entire LV based on A4C, A2C and A3C views.

Dyskinetic
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Pathology Diagnosis ® Strain Echocardiography

Pathology Diagnosis via Strain
Hypertrophic Apical Fabry
Cardiomyopathy Cardiomyopathy Amyloidosis Disease
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Pathology Diagnosis ® Strain Echocardiography

Hypertrophic Cardiomyopathy

Strain Findings in Hypertrophic Cardiomyopathy

Septal Strain Markedly Reduced

Apical Strain Relatively Preserved

GLS Value Mildly Reduced (-14 to — 17%)

Visual BE Pattern  Basal septal hypokinesis on polar map

Prognostic Use Reflects fibrosis (may predict arrhythmias)

Pathology Diagnosis ® Strain Echocardiography

Apical Cardiomyopathy

Strain Findings in Hypertrophic Cardiomyopathy

Septal Strain Markedly Reduced

Apical Strain Relatively Preserved

GLS Value Mildly Reduced (-14 to — 16%)
Visual BE Pattern  Light colored apex, darker base

Prognostic Use Fibrosis correlation and functional mapping
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Pathology Diagnosis ® Strain Echocardiography

Amyloidosis
Strain Findings in Hypertrophic Cardiomyopathy

Septal Strain Severely Reduced

Apical Strain Relatively Preserved

GLS Value Significantly Reduced (< -14 %)

Visual BE Pattern  Cherry on top pattern due to apical sparing

Prognostic Use Distinguish from other LVH etiologies

Pathology Diagnosis ® Strain Echocardiography

Fabry Disease

Strain Findings in Hypertrophic Cardiomyopathy

Septal Strain Focally Reduced

Apical Strain Relatively Preserved

GLS Value May be normal or mildly reduced (-16 to — 19%)
Visual BE Pattern ~ Asymmetric, localized strain defects

Prognostic Use Early sign of cardiac involvement
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Strain Echocardiography e LA Strain

‘ A ‘ conduitphase (eCD)
Epcps / ECD
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eservoir phase (eR)
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LA contraction phase (eCT)

Vieira MJ, Teixeira R, Gongalves L, Gersh BJ. Left atrial mechanics: echocardiographic assessment and clinical implications. J
Am Soc Echocardiogr. 2014 May;27(5):463-78. doi: 10.1016/j.ech0.2014.01.021. Epub 2014 Mar 20. PMID: 24656882
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Strain Echocardiography e LA Strain

* LA reservoir strain(LARS) is utilized
as an advanced diastolic function
assessment parameter

* Normal values are typically >35%
(vendor dependent)

* An inverse correlation is present
between LARS and mean wedge
pressure.

Strain Echocardiography ¢ RV Strain

1.'

* RV GLS is calculated by the
average of the 3 segments
of the RV free wall.

* RV GLS has prognostic value
in conditions like pulmonary
embolism and heart failure
with preserved ejection
fraction (HFpEF).
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Thank youl!
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