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The Cardiomyocyte and LV Function
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Sheet Thickening and Interlaminar Shear
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LV Pressure (mmHg)

Classic Hemodynamic Definitions of
Contractility and Myocardial Work

Work Contractility
150 150
ESPVR ¢ — Increase
SWxHR=cardiac work ° afterload beat
L ESPVR
100- £ 100 =z
- Baseline
o beat
Area = é ——+1— Decrease
50 / |Stroke Work o 504 afterload
EDPVR o beat
0 T T T 0 T T T
0 50 100 150 200 0 50 100 150 200
LV Volume (mL) LV Volume (mL)

Echo Assessment of the Periodic Pump

Muscle Squeeze Volume
dp/dt LVEF
Tissue Doppler Shortening Fraction
VCF Stroke volume
Strain Stroke work
Strain rate (ESV-ESP relation)
Isovolumic acceleration
Torsion
Twist

“Myocardial work”




Assessing LV Volumes and LVEF

ISSUES

Accuracy
Reproducibility
Ability to account for geometric distortions

2-D Simpson’s Biplane - Limitations

* Two views only
» Foreshortening of the apex
* Endocardial definition
* Dealing with trabeculation
9
LVEF — A Messy Business
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Impact of 3D Echo in Patients With Regional WMA
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Impact on Assessment of LV
Size and Function

Good Mediocre
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Precision and Accuracy
MRI vs Echo MRI vs Contrast Echo
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Echo Assessment of the Periodic Pump

Muscle Squeeze Volume
dp/dt LVEF
Tissue Doppler Shortening Fraction
VCF Stroke volume
Strain Stroke work
Strain rate (ESV-ESP relation)
Isovolumic acceleration
Torsion
Twist

“Myocardial work”
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Strain and Strain Rate Imaging

d,-d
Deformation = d;-d, Strain = 11 o
0

Strain rate = strain/time
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Strain Calculation Based on
Tissue Doppler Data
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TDI-based Velocities and Strain Calculation
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Strain Calculation — Speckle Tracking
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Speckle-tracking Strain Echocardiography

Strain Strain Rate
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3-D and (4-D) Strain

Principal Shear

End-diastole End-systole

Radial serain ""]"". 100 (%)
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3D strain = 100 (%)

Seo Y, et al., J Cardiovasc Ultrasound 2014;22:490
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Velocity and Strain Echo Techniques

2-D 3-D
STE STE

Feasibility

Temporal resolution +++ ++ +
Angle independency = + ++
Affected by through-plane motion +++ + +++
Defined values (normal and dz) S +++ +
Segmental uniformity S ++ ++
Vendor variability ++ + +

- poor, +reasonable, ++ good, +++ very good
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Detecting Underlying Disease
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Expect Incongruent Data with Echo Data
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Normal

Concentric Remodeling

LVEF 66%
SV=81 mL

GLS 17.1%

LVEF 69%
SV =51mL
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Afterload and Force-velocity Relations
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Afterload and LV Function

f T T T T
125+ | Force-Velocity relation ~ Humen Papiliary Muscle.
A.K 05-22-14 27y d
| RHD & Mit Regurg
1 Funct closs I
100 Increased 37 - i
contractility £ | ]
Z \ g o 2
§ - 754 o ; | g
$3 o N g |
=2 R Bl
* = « \ 57
5 50 % 5
7 e\ z
. 1 5 2-
. g |
25 1 g
A
0 T T T 1 |—A N \
0 50 100 150 200 , ———— L :
Aortic Systolic Pressure L0AD {q)

mmHg

Sonnenblick EH, et al., J Clin Invest 1965;44:966

27

BP 220/114

o
+LVOTVTI at E°\ emls SRl
Vmax E 2

Sv4.omm
T3.3em

S’6cm/s

--120

75mms  qg70pm

WS
+15.

+LVOTNT] +Lat E' Vel 6.20 cmis]
Vmax 9.8 cmis

s

EilatE 88
Vmean  60.7 cmis i
MaxPG 4 mmHg

\l’;anPG 2mmHg S’ 10 Cm/S .

-120

=:160

* 75Rp R

.20
7aspm

28

14



Effect of Afterload on Strain
Acute Changes in BP in Pigs

Longitudinal Strain Radial Strain
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Hypertensive Response to Exercise
Systolic BP at Peak 218/74
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Frank-Starling Principles

Sarnoff SA, et al., Circulation 1954;9:706
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Pressure mmHG

LV Stiffness in Moderate-Severely Symptomatic Pts.
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Strain During Tilt Table Testing

Change in GLS with tilt study
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Shi, et al., Circulation 2017;30:1180
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Incremental Value of Global Strain Assessment

Hypertensive CM

Amyloid

Infiltrative

Transplant rejection

HCM

Muscular dystrophy
Valvular CM

Cardiotoxic effects of drugs
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Myocardial

Myocardial “Work”

work index
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Myocardial “Work” in Dyssynchrony
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LV Rotation, Twist, and Torsion
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Conditional Determinants of Twist/Untwist
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LV Twist for Systolic Function

Degree of Twist/Torsion

v

Degree of Untwist

v

Early diastolic suction
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Summary

Expert

Competent

Understands applications and limitations
of new echo technology and the
physiologic influences of function

Knowledge and reporting of new
technologies 2D/3D strain, dp/dt

Knowledge, reporting, and problem
solving for LVEF, SV, and TDI
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