Study of Diastolic Filling Property in Left
Ventricular Inflow Tract by Pulsed Doppler
Echocardiography 1. Diastolic Left Ventricular
Filling Property in Children with Heart Disease
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FRMOER, Z0OMEs L UIEABGEHE (hypertrophic cardiomyopathy, HCM) @/NE#z
DWT, BER/ VR - P77 -G 6B o2 BEADMRER 25 L, EERARLIC DV TR
L7z, LBEHREKIE (atrial septal defect, ASD), [LEHRE/RIE (ventricular septal defect, VSD), &
JREBE%E (patent ductus arteriosus, PDA), 7 7 u—P4#k (tetralogy of Fallot, TOF), ASD ffif&,
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B, Ar A/RBERBOHEECEDHBIELTY of normal (% A, % A/R) 2EH L, RIZFEAEIZDWT,
BIEORR L NG % B L e, SR ORBTIE, % A 12 VSD, PDA OREREBNERICEL, R
i TOF THEBW{ED - %2, % A/R & VSD, PDA @ X5G#&E, TOF THERWE > 7, VSD, PDAfIT
12, EREEER L UMENLREL E % A XEEOHEBE 2R L. TOFBITE, GEGKEL RBLU%
A/R ZEEOHBERU. MR L HCM OB T, % A id HCM TEEICE S, figfliivning
FEICE» -7, RiZ HCM, ASD#i#, VSDfsERIC{EL 7. % A/R 1 HCM BEE IR,
ASD i, VSD i ERBICAED o o, DIaERER, BURERRE, OEEE, BUEEI LS THIIE L THRETL
72 HEIE L IR A EE L <, WK1 HCM THERED - 7o, |IE L - InEE, BEE iz TOF,
HCM, VSD i TEB I E» > 7. UEOERD S, BEAOMBEOHEAL T2 £ 2 513 VSD,
PDA T, SERACK T3 HESSL L, LEIEROMBIET boLEZ sk, —7, FEAD
MHEBEDOBWAH L T2 LF 2 505 TOF Tik, BETMAIEA L, LHEIFEO MTEAOFEE PR
b rEZ s, HCM TONREE, WMEEDOET, R OEEREEMEREE > KL, A ZREECE
{RBLDLELSNT, MEFATRE, FHMRECL 2 3EMABECLENHET IRR S k.

Key words pulsed Doppler echocardiography, mitral valve flow, congenital
heart disease, cardiac surgery, hypertrophic cardiomyopathy
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Abbreviations : ASD, atrial septal defect; HCM, hypertrophic cardiomyopathy ; PDA,
patent ductus arteriosus; TOF, tetralogy of Fallot; VSD, ventricular septal defect.
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Fig.1. Parameters derived from mitral valve flow velocity pattern.

Mitral valve flow velocity pattern reveals two wave components: one in
rapid filling phase and the other in atrial contraction phase. Seven
indices, i.e., the peak flow velocity of atrial contraction phase (A), the peak
flow velocity of rapid filling phase (R), the ratio of A to R, the acceleration
time, the deceleration time, the acceleration rate and the deceleration rate
in rapid filling period were calculated from the velocity pattern.
M-mode, M-mode echocardiogram; SV, sample volume; FLOW, mitral
valve flow velocity ; ECG, electrocardiogram.
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7T AR RTHEEE L LTRRENE, Tu—
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Fig.2. Changes of A, R and A/R ratio by atrial
pacing in a healthy child.
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Fig.3. Correlations between heart rate and para-
meters of A, R or A/R ratio.
Upper panel show correlation between heart rate
and A. The regression equation is Y=0.501X+
2.334 and the coefficient of correlation is r=0.803
(p<0.01, n=85). Middle panel show correlation
between heart rate and R. The regression
equation is Y=—0.181X+96.338 and the coeffic-
ient of correlation is r=—10.244 (p<0.05, n=85).
Lower panel show correlation between heart rate
and A/R ratio. The regression equation is Y=0.
0079X —0.1012 and the coefficient of correlation
is r=0.803 (p<0.01, n=285).
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Fig.4. Comparison of % normal of A, R and % normal of A/R ratio in control, and

congenital heart diseases.

Left panel, % normal of A ; middle panel, R ; right panel, % normal of A/R ratio.
Each value represents the mean+standard deviation.
***p<0.001, **p<0.01, *p<0.05 versus control group.

Left to Right Shunt Ratio ( %)

% Normal of A

Pulmonary to Systemic Flow Ratio

Fig.5. Correlations between left to right shunt

ratio and % normal of A, and between pulmonary
to systemic flow ratio and % normal of A in VSD
and PDA.
Upper panel show correlation between left to
right shunt ratio and % normal of A. The
regression equation is Y=0.46X+95.60 and the
coefficient of correlation is r=0.473 (p<0.01, n=
31). Lower panel show correlation between
pulmonary to systemic flow ratio and % normal
of A. The regression equation is Y==11.19X +92.
65 and the coefficient of correlation is r=0.462
(p<0.01, n=31). ®, VSD; O, PDA.
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Fd : Doppler shift frequency
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F, : transmitted frequency
# . angle between Doppler beam and blood
stream
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Y=0.0079X—0.1012 TH o7, RiZLEKL r=-
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Fig. 6. Comparison of % normal of A, R and % normal of A/R ratio in VSD
and PDA with and without pulmonary hypertension.
Left panel, % normal of A ; middle panel, R ; right panel, % normal of A/
R ratio. Each value represents the mean+standard deviation.
PH, pulmonary hypertension ; NS, statistically not significant.
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Fig.7. Correlation between right to left shunt
ratio and R, and between right to left shunt

ratio and % normal of A/R ratio in TOF.
Upper panel show correlation between right to
left shunt ratio and R. The regression equation
is Y=-032X+67.46 and the coefficient of
correlation is r=—0.469 (p<0.05, n=23). Lower
panel show correlation between right to left
shunt ratio and 9% normal of A/R ratio. The
regression equation is Y=0.56X+118.10 and the

coefficient of correlation is r=0.517 (p<0.05, n=
23).
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Fig. 8. Comparison of % normal of A, R and % normal of A/R ratio in control, post-
operative state of congenital heart disease and HCM.
Left panel, % normal of A ; middle panel, R ; right panel, % normal of A/R ratio.
Each value represents the mean=standard deviation.
***p<0.001, **p<0.01, *p<0.05 versus control group.
ASD p.o, post-operative state of atrial septal defect; VSD p.o, post-operative state
of ventricular septal defect; TOF p.o, post-operative state of tetralogy of Fallot.
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Fig.9. Comparison of % normal of A, R and %
normal of A/R ratio between the group (Im) in 1
month period and the one (ly) in 1 year period
after operative procedure in congenital heart
diseases.

Upper panel, % normal of A ; middle panel, R;
lower panel, % normal of A/R ratio. Each value
represents the meanzstandard deviation.

NS, statistically not significant; ASD p.o, post-
operative state of atrial septal defect; VSD p.o,
post-operative state of ventricular septal defect ;
TOF p.o, post-operative state of tetralogy of
Fallot.
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Fig. 10. Comparison of % normal of A, R and %

normal of A/R ratio before and after operative

procedure in congenital heart diseases.

Upper panel, % normal of A ; middle panel, R;

lower panel, % normal of A/R ratio. Each value

represents the mean+standard deviation.

NS, statistically not significant; pre, before

operative procedure ; post, after operative pro-

cedure.
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Table 1. Rapid filling flow data in control, congenital heart disease, post-operative state of congenital
heart disease and HCM

Control ASD VSD TOF HCM ASD po VSDpo TOF po

Parameter

906+130 1032+141 97.0£131° 700482°  820+126 96.1+111" 921487
0.055+0.010 0.0620.012 0.052:0.009 0.0510.007 0.067=0.009 0.058-:0.018 0.053£0.008 0.056+0.005
cAT (sec) 0.0660.015 0.0740.010 0.068::0.011 0.065:-0.009 0.073-£0.012 0.067-£0.016 0.069=:0.009 0.069::0.006
AC (cm/sec’)  762.4+2146 648.5+163.6 700.0+156.8 593.8=176.7 501.2131.2 654.3238.2 616.9+125.2 680.9+133.4
CAC (cm/sec’)  642.9-193.1 527.3+109.7 536.1:122.8 472.7+158.4 468.9+132. 555.8:191.6 496.0:41002 552241153
(63)% (9 (16) (22) (8 (12) (20) (12)

HR (beat/min) 87.0+18.0

AT (sec)

83.7+16.3 936117 947+124° 70.1+82° 826126 90.9+93 920488
0.071£0.015 0.077£0.015 0.073::0.009 0.068::0.016 0.101:£0.030 0.0790.017 0.066=:0.009 0.0710.018
0.082+0.014 0.092+0.011 0.03120.013 0.08520.017 0.109::0.033 0.091£0.016 0.082:0.012 0,088:0.021
£02.9:+182.4 526,04 1162 5129166 446.9+120-3 349.7+106.0 505.5+ 144.2 519.9:90.3 56581465
513.24143.4 42924765 412.0:£32.2 357.0:£86.1 328.6-117.1 429.6=159.9 422.1%79.3" 458.6:£120.0

(54) (® (n (16) (8 12) (15) )

HR (beat/min) 89.3413.3
DT (sec)
cDT (sec)
DC (cm/sec?)

¢De (cm/sec?)

Each values represented the mean+standard deviation. *** p<0.001, ** p<0.01, * p<0.05 versus control group. AT,
acceleration time; cAT, corrected acceleration time; DT, deceleration time; c¢DT, corrected deceleration time; AC,
acceleration rate; cAC, corrected acceleration rate; DC, deceleration rate; cDC, corrected deceleration rate; ¥,

number of cases.
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Study of Diastolic Filling Property in Left Ventricular Inflow Tract by Pulseqd
Doppler Echocardiography (II) Diastolic Left Ventricular Filling Property in Children
with Heart Disease Shigekazu Nakaya, Department of Pediatrics, School of Medicine,
Kanazawa University, Kanazawa 920—1J. Juzen Med. Soc., 96, 798 —810 (1987)

Key words : pulsed Doppler echocardiography, mitral valve flow, congenital heart disease,
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Abstract

To assess the left ventricular diastolic filling property in congenital heart disease and
hypertrophic cardiomyopathy (HCM), the mitral valve flow pattern was studied using pulsed
Doppler echocardiography. The subjects consisted of 154 patients with atrial septal defect
(ASD), ventricular septal defect (VSD), tetralogy of Fallot (TOF), post-operative state of ASD
(ASD p.0), post-operative state of VSD (VSD p.o), post-operative state of TOF (TOF p.o) and
HCM. Eighty-five healthy children served as controls. The following parameters were obtained
from mitral valve flow pattern : the peak velocity of atrial contraction phase (A), peak velocity of
rapid filling phase (R), A/R ratio, acceleration time (AT), deceleration time (DT), acceleration
rate (AC) and deceleration rate (DC). In the control group, A and A/R ratio highly correlated
with heart rate, so that % normal of A and A/R ratio (% A, % A/R) were calculated from the
predicted value obtained from the regression equation for a given heart rate. % A, R and % A/R
were compared between the heart disease group and the control group. With regard to congenital
heart disease, % A was significantly higher in large shunt group of VSD and PDA, R was
significantly lower in TOF and % A/R was significantly higher in TOF and large shunt group of
VSD and PDA. There were significant correlations VSD and PDA between left to right shunt
ratio and % A, and between pulmonary flow to systemic flow ratio and % A. There were
significant correlations in TOF between right to left shunt ratio and R, and between right to left
shunt ratio and % A/R. With regard to post-operative state of congenital heart disease and
HCM, % A was significantly higher in HCM and was significantly lower in post-operative state of
congenital heart disease, R was significantly lower in HCM, ASD p.o and VSD p.o, and % A/R
was significantly higher in HCM and significantly lower in ASD p.o and TOF p.o. The values
of AT, DT, AC and DC were divided by the square root of RR interval to correct for the effect
of heart rate (cAT, cDT, cAC and cDC). cAT, cDT, cAC and cDC were compared between the
heart disease group and the control group. There was no significant difference in cAT between
the two groups, but ¢cDT was significantly lower in HCM, and cAC and cDC were significantly
lower in TOF, HCM and VSD p.o. These results indicated that VSD and PDA with increased
mitral valve flow affects more the atrial contraction phase than the rapid filling phase, TOF with
decreased mitral valve flow influences more the rapid filling phase than the atrial contraction
phase, both rapid filling and atrial contraction are impaired in post-operative states, and
disturbance of relaxation exists in HCM.




