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How to describe LV Function?
From fiber shortening to ejection —

The physiology behind.

Sofia, Bulgaria, 5-7 April 2012

F.E. Rademakers

. e A UNIVERSITY HOSPITALS LEUVEN

eeeeeeeeee



/! | LEUVEN Content

« Definition
« Anatomy
 Physiology
— Myofilaments
— Ventricle

— Stress - strain
— Pressure — volume

— Passive properties
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The ability to work (pump) and keep on
working sufficiently.
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Figure 1. Embryonic development of the left ventricular wall in a chick. (A) The tubular myocardium (My) (2 to 3 cell layers thick) is separated from the
endecardium (En) by acellular cardiac jelly (CT). (B) The inner layers proliferate to form trabeculations (Tr), which are nourished by the blood circulating
through the intertrabecular spaces (ITS). The cuter layers proliferate and underge compaction (Ca) and are covered by epicardium (asrowhead). (C) By
the sixth embryonic day, the compact layer has thickened and is invaded by developing coranaries from the epicardial surface. (D)) In the neonatal (day 10)
heart, the multlayered compact architecture of the left ventricular wall is clearly aPPrcdat\:d with the innermost layer merging with the api]l‘a.ry rmuscle
l:mP]. O the right side of cach picture is a schematic drawing illustrating the major steps in dcvclopm:ut of ventricular myoarchitecture. %calc bars = A,
B, C, 100 pwm; D, 500 jwm. chrcducad from Sedmera et al. (20) with permission.
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LEUVEN Fiber Architecture

A  RIGHT VENTRICULAR CONTRACTION
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Am J Physiol Heart Circ Physiol 289: H1898—H1907, 2005;
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LEUVEN Diffusion Tractography

Sosnovik , Circ CV Imaging 2009



sheet extension
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b \Véven Myofilaments 0)

sarcomere

thick filament thin filament
{myosin filament) {actin filament)

RELAXATION I l CONTRACTION
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[buveny  Cardiac physiology

A ISOMETRIC PHASE B ISOTONIC PHASE
OF CONTRACTION OF CONTRACTION

E LOAD-VELOCITY DIAGRAM
10 " At a glven velocity of shortening, the
| .::h it with a gr pre-load.

€ RECORDS OF TENSION AND LENGTH
FOR A SINGLE WEIGHT (L.E., AFTER-LOAD)

Degree of
shortening

Tension
o 500 1000 = - ‘
Time (msec)
Load (ng
Iﬂ\econuacﬁm isisometﬂcatzexovelodty.
D EFFECT OF AFTER-LOAD ON VELOCITY OF SHORTENING F VELOCITY-LENGTH DIAGRAM

Velocity
(mm/
sec)

500
Time (msec)
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A LENGTH-TENSION B STARLING'S “LENGTH-TENSION"
DIAGRAMS (ISOMETRIC) DIAGRAM FOR AN ENTIRE HEART
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(um) (ml)
C PERFORMANCE CURVES

ERNEST STARLING AND THE FRANK-STARLING LAW 06

0.5

. (Newton »
FIBERS ARE STRETCHED - meters)

\
7 ; i No sympathetic
RDER THEY CONTRACT” o 02 stimulation

0.1 Increasmg

sympathetic
stimulation

A 0.4 /
; i Stroke work
*THE MORE THE MUSCLE : orPxV 0 //

THE HA

Ernest Starling

0 5 10 15 20 25
Left atrial pressure

Plitograph @ Wellcame nsttute Library, London. (mm Hg)

Copyright © 2002, Elsevier Science (USA). All rights reserved.
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 ILEUVEN Cardiac Pump
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lr, Sarcomere Shortening
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LEUVEN Ventricular Pump Performance




;ff HéUVEN LV Pressure and Volume

A RIGHT HEART B LEFT HEART
Diastole ! Systole Diastole
110 — A —
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SARCOMERE

Force Development

e

Activator [Ca**]

NL

Ventricular Pressure

VENTRICLE

ﬂontractility iy
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Ventricular Volume

Journal of Molecular and Cellular Cardiology 48 (2010) 851-858
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Load Dependence

A STANDARD CONTRACTILITY CONDITIONS

Left
ventricular
pressure

Theoretical maximal
isovolumetric pressure
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Left ventricular volume

B INCREASED CONTRACTILITY
.

. l'
. ____._-'f—Immaaod contractility
—Control (ESPVR)

Left ventricular volume

C INCREASED PRELOAD (FILLING)

Left
ventricular
pressure

Left ventricular volume

D INCREASED AFTER-LOAD (AORTIC PRESSURE)

Left
ventricular
pressure

Increased after-
load decreases
stroke volume.

Left ventricular volume




lr, Deformation modes: What?

LEUVEN




;/}’ }_JEZUVEN Strain: definition

> dimensionless
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LEUVEN Strain Rate (g)
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'7 LEUVEN 2D strain

Pura & strain Pute y g1rain Shaar v Btraln Shear @ straln

a 10 1%

Combined pura strsins

Cambinzd pure and shoar strains
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From echocardiography and cuff brachial BP in 9 subjects
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LV presssuee {mm Hy)
LV peassung (mm Hg)

LV valuma {mi) LV wadums (m)

7o

LV pressure (mm Hp

LV volume (=)

Straks valums
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A. Diastolic Filling
o Mitral Valve Closes

B. isovolumic Contraction
@ Acrtic Valve Opens

C. Ejection
@ Acrtic valve Closes

D. Isovolumic Relaxation
@ Mitral Valve Opans

LVP (mmHg)
LVP (mmig)

SW (mmHg x uL)

EDV (ul) LVV (ul) LWV (ul)
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Circled P’s indicate phosphorylatible sites.

Circulation 2010;121;2137-2145



;f’ |l_JEZUVEN Stretching Titin
A
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straightening of tandem Ig segments
shortening

slack sarcomere

1.8 2.0 2.2 24
Sarcomere length (um)

lstretch

D  Extension of PEVK and N2B unique sequence

Stretching of the sarcomere from slack length (panel B) results in sequential extension of tandem Ig (panel C) and then PEVK and
N2B elements (panel C), each of which is responsible for a segment of the sarcomere length (SL)—passive force relation (right).
Shortening below slack length (panel A) results in reverse extension of titin with development of a restoring force

Clinica Chimica Acta 375 (2007) 1-9
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