
  

� 

Abstract² Echo-dynamography (EDG) is a method for 

visualizing left ventricular (LV) blood flow based on cardiac 

Doppler measurement in which blood flow component 

perpendicular to the ultrasonic beam is deduced by applying 

fluid dynamics theories to two-dimensional (2D) distribution of 

blood flow component along the ultrasonic beam. EDG has been 

validated by numerical simulation and particle image 

velocimetry of model circulation. However, these validations 

were too simple to reproduce unstable and asymmetrical flow in 

a beating heart. In the present study, EDG is compared with 

three-directional (3D) blood flow distribution on the same plane 

obtained with phase contrast magnetic resonance angiography 

(PCMRA) for clinical validation. Moreover, the location and 

vorticity of the vortex flow in LV are measured quantitatively 

and the relation to echocardiographic parameters of systolic 

and diastolic functions is discussed. 

   3D components of blood flow on a plane were obtained with 

triple scans of the same plane with ECG trigger and breath 

holding; 1) phase encode (x-axis), 2) read out (y-axis) and 3) slice 

selection (z-axis). After the acquisition of MRA dataset, color 

Doppler dataset of the same plane was acquired and 2D velocity 

distribution was obtained with EDG in MATLAB programs. 

   EDG and PCMRA showed similar velocity vector 

distribution and formation of LV vortex flow. The vortex at mid 

diastolic phase was strongly affected by early diastolic filling 

while the vortex at isometric contraction was affected by atrial 

filling. EDG gained a new insight on systolic-diastolic coupling 

from the view point of LV blood flow such as LV vortex 

formation. 

I. INTRODUCTION 

CCORDING to the Frank-Starling law, the stroke volume 

of the heart increases in response to an increase in the 

volume of blood filling the heart (the end diastolic volume). 

Thus, cardiac pump function is determined how long the 

myocardium stretches in end-diastole. Left ventricular (LV) 
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diastolic function apparently affects LV systolic function. In 

clinical settings, diastolic function is often measured as well 

as systolic pump function such as LV ejection fraction (EF). 

5HFHQWO\��WKH�FRQFHSW�RI�³GLDVWROLF�KHDUW�IDLOXUH�>�@´�RU�³KHDUW�

failure wiWK�SUHVHUYHG�()´�KDV�EHHQ�SURSRVHG�DQG�GLDVWROLF�

function is believed to deteriorate prior to the deterioration of 

systolic function.  

Myocardial tissue Doppler imaging can measure 

longitudinal myocardial velocities of the mitral annulus; (1) 

s¶, systolic myocardial velocity above the baseline as the 

annulus descends toward the apex; (2) e¶, early diastolic 

myocardial relaxation velocity below the baseline as the 

annulus ascends away from the apex; and (3) a¶, myocardial 

velocity associated with atrial contraction. The strong 

FRUUHODWLRQ�EHWZHHQ�V¶�DQG�H¶�PD\�LQGLFDWH�V\VWROLF-diastolic 

coupling in short term relationship from a view of physiology 

of cardiac myocytes. On the other hand, evaluation of cardiac 

function has been performed by intracardiac blood flow 

measurement. For example, diastolic function was assessed 

by early diastolic filling (E) over /atrial filling (A) ratio and 

most suitable parameters of CRT (cardiac resynchronization 

therapy) is set to maximize velocity-time integral of left 

ventricular outflow. 

The blood flow structure in whole LV has been assessed by 

echo-dynamography (EDG) [2-5]. EDG is a method for 

visualizing left ventricular (LV) blood flow based on cardiac 

Doppler measurement in which blood flow component 

perpendicular to the ultrasonic beam is deduced by applying 

fluid dynamics theories to two-dimensional (2D) distribution 

of blood flow component along the ultrasonic beam. EDG has 

been validated by numerical simulation [6] and particle image 

velocimetry of model circulation. However, these validations 

were too simple to reproduce unstable and asymmetrical flow 

in a beating heart. 

In the present study, EDG is compared with 

three-directional (3D) blood flow distribution on the same 

plane obtained with phase contrast magnetic resonance 

angiography (PCMRA) for clinical validation. Moreover, the 

location and vorticity of the vortex flow in LV are measured 

quantitatively and the relation to echocardiographic 

parameters of systolic and diastolic functions is discussed. 

II. METHODS 

A. Echo-dynamography 

A Color Doppler movie of the apical three-chamber view 

containing LV apex, center of mitral leaflets, and center of 

(YDOXDWLRQ�RI�9RUWH[�)ORZ�LQ�/HIW�9HQWULFOH�E\�(FKR-G\QDPRJUDSK\�

DQG�3KDVH�&RQWUDVW�0DJQHWLF�5HVRQDQFH�$QJLRJUDSK\ 
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IV. DISCUSSION 

EDG is superior in the spatial resolution in regards to the 

slice thickness. The slice thickness of the PCMRA data was 

8-mm in order to gain the signal-to-noise-ratio. Because the 

color Doppler contains the instantaneous velocity 

information, EDG is superior in temporal resolution, too. On 

the other hand, concerning reproducibility and a degree of 

freedom of dimensions, PC-MRA is superior to EDG. 

The intraventricular vortex had close relationship with the 

maximum velocity of the A wave. The inertial force of the LV 

inflow continuing after mitral valve closure should be the 

origin of the LV vortex formation. 

Our previous study [5] has shown that the size of the vortex 

became larger in failure heart compared with normal heart. 

The phenomenon was discussed with LV contraction and 

geometry. The results of the present study clearly showed that 

LV inflow also influence the size and location of LV vortex. 

When the heart rate is increased, LV inflow velocity is 

increased because of fusion of E and A waves. In such cases, 

large vortex at IC was observed. In cases of atrial fibrillation, 

LV vortex was not affected by A wave but the influence of E 

wave remained until IC. 

Conventionally, diastole is occurred by releasing elastic 

energy stored by the preceding systolic deformation. This 

concept of systolic-diastolic coupling was discussed based on 

the physiology of contraction of the myocytes. In the present 

study, systolic-diastolic coupling was discussed based on LV 

blood flow such as vortex formation. Watanabe et al. found 

that the physiological flow path did not have an 

energy-saving effect by their multiscale, multiphysics heart 

simulator [7]. However, the vortex at early systole was 

affected by diastolic blood flow. Steen and Steen reported 

that the flow propagation velocity was originated by the 

movement of LV vortex [8]�� 7KH� ³YRUWH[´� LQ� WKHLU� UHSRUW�

VKRXOG� EH� WKH� ³VHSDUDWLRQ� YRUWH[´� ZKLOH� RXU� PHDVXUHPHQWV 

LQFOXGHG� ERWK� ³VHSDUDWLRQ� DQG� URWDWLQJ� YRUWH[HV´�� 7KH�

difference should be discussed later. 

V. CONCLUSIONS 

In the present study, 3D blood flow vector using the 

PCMRA was obtained and its 2D velocity components on the 

observed plane were compared with the 2D distribution of 

blood flow vector obtained by EDG method. In many cases, 

the vector components showed similar patterns in both 

methods. 
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Fig. 6 Relation between atrial filling velocity and vortex flow 
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