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ABSTRACT

Background and Objectives : The objective of this study was to find the possivility for quantification of ventri-
cular dyssynchrony by analsis of myocardial velocity curve obtained with Doppler myocardial imaging (DMI)
in patients with advanced heart failure. Subjects and Methods : Doppler myocardial images at the apical 4
chamber and 2 chamber views were recorded in 28 patients with a left ventricular ejection fraction (LVEF)
<45%, and in 18 normal controls. Time intervals from the onset of the QRS complex to the peak systolic
velocity were measured at the mid-portion between the basal and mid segments of 4 different ventricular
walls (septal, lateral, inferior and anterior) ; their maximal differences (DIFF) and standard deviation (STD)
were calculated and compared. Results : There were significant differences in the LVEF (30£8 vs. 63+4%,
p<0.05) and QRS durations (117+35 vs. 929 msec, p<0.05) between the heart failure and control groups. The
mean values of DIFF in the heart failure and control groups were 73+32 and 14+6 msec, respectively (p=
0.001). The DIFF and STD showed negative correlations with the LVEF (r=-0.773 with DIFF, r=-0.771 with
STD, p<0.001) and positive correlations with the QRS duration (r=0.51 with DIFF, r=0.498 with STD, p<0.001).
Fifteen of the patients with heart failure (54%) showed a QRS duration <110 msec ; although their QRS
duration was not significantly different from that of the normal controls (93+12 vs. 92+9 msec, p>0.05), but
the DIFF, from the DMI, was significantly prolonged (61+35 vs. 14+6 msec, p=0.001). The QRS duration
showed no significant correlation with the LVEF in the patients with a QRS duration <120 msec (r=-0.276, p=
0.103), but the DIFF showed a significant negative correlation in these patients (r=-0.769, p=0.001). Conclusion :
The DIFF and STD, as measured by DMI, are useful in the quantification of ventricular asynchrony, and
correlated with other indices known to reflect the left ventricular systolic function. (Korean Circulation J
2004;34(5):492-499)
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&3 48] (Vingmed
system FiVe, General Electric—Vingmed, Milwaukee,
WD E o] 8€3}o] apical 4 chamber view$} apical 2
chamber viewellX] 22] Doppler myocardial im-
agings AT Color Doppler frame ratesi= 80~
115 frames/sec®]$1. 2™ pulse repetition frequency
£ 500 Hz~1 KHz%1 11, aliasing velocity= 16~32
cm/secoltt. QRS EEFARZ trigger¥ 5719 di-
gital X = magneto—optical diskel] A= ATt

A 23X E9 o] (Echopac version 6.2, General

i | 1
Velnoity (¥, r:
. a= _@I-_--

ange:-16.48 - +16.48 em/s

Velooity (TVI) , range: ~16.48 - +16.48 om/s
2

Tracens:

Fig. 1. A representative myocardial velocity curve obtained by Doppler myocardial imaging in a patient with heart
failure; myocardial velocity curves of septum (yellow, arow head) and lateral wall (green, arow) of apical 4 chamber
view are demonstrated in A, and those of inferior (yellow, arrow head) and anterior wall (green, arrow ) are demon-

strated in B.
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Electric—Vingmed, Milwaukee, W) S ©]-8-3} digital
cine—loop?] i-4Jo] o]Foi T}, Apical 4 chamber
view$} apical 2 chamber viewelx] 4 A4 5}
W Z8 gl A FA0 7|A e S F-919] ALl
AT Ao 72 H-9oll sample volume2 $IXIAIA
t} o]& Fall ZF F-glollA f2 vl i) A 5 I
(myocardial velocity curve) 2] &A1elA, HHEA2
QRS A& ARE] myocardial velocity curve MVC)
ZdollAe] A 75 &xef o]Z= A7) ARE 71
2 (time interval) & 27 S35 ckEFig. 1). ¥l 719

= T HdlaE Haake] Aol
vl 7 #kE2l ¥ HARE standard deviation (STD)
02 A8t} Sphericity indexs AF2Y]
4 chamber view®l|4] major axisE minor axis® Y+
o= Ao e

o] apical

51 24
%@iu EHS{ %lf% Eéﬁ‘i]i}{% HAE TAISHL
student t—testE
%ﬁ MI’_ Hd—zr %—’FL chl—square testE ]88
k. DIFF £ STD#k 7K A %E521e] ¥M= linear
regressions ©]-83to] 431312 scatter plot o=
SAIBRILE BAACE {25 1ol pate] 0.057]7F
Ql AR Z*J skt 579%k°] intraobserver vari-
Q1atr] flsto] 5ol FAfellx ZF 4749
myocardial segment?] Sz F ¥ k&S], &
40708 S7ke] Y-Foll S5HAQ F SHX 9] Hot
ftol X—=oll 1A]8k= scatter plots 7-8I3ith ©17]
A 43k standard errors Tk ©]F £ 43
9] Htk2] percentage® YR AL variability 2] A
HE ARSI, Aellx] S99 DIFFSF STD
9] intraobserver variability:= 217} 4.5%2} 5.1%
Atk

ability S 2+

2 0

A gkt g iz ?LoﬂAH i g2 4
7} 56519} 27+ 4411 JVW & 77
8% 63+4%ATHp=0.001). ¥ ] A4 54

2 Table 13} 2t} Axwde] QR 22 gl A
117436 mso|on A thZzTelA 92+9 mso|
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difference (DIFF) =,

Table 1. Baseline characteristics of the subjects

Heart failure  Control
(n=28) (n=18)
Heart rate (/min) 86+ 28 70+9
PR interval (ms) 173+26 159+17
QRS interval (ms) * 117+£35 92+9
Ejection fraction (%) * 30+8 63+ 4
End systolic volume (cc)* 111+ 49 33+ 10
End diastolic volume (cc)* 154+ 60 89+ 23
Sphericity index (systolic) * 1.5+0.2 2.4+0.2
Sphericity index (diastolic) * 1.5+0.2 21+03
QRS duration <110 ms* 15 (54%) 18 (100%)
Left bundle branch block 6 (21%) 0 (0%)
Nonspecific Intraventricular
conduction delay 7 (25%) 0 (0%)

(QRS >110 ms)

x: 0<0.05 heart failure versus control

Table 2. Prevalence of left ventricular wall with the lon-
gest time inferval from the onset of QRS to the peak sys-
tolic velocity measured by Doppler myocardial imaging

Septal Lateral  Inferior Anterior
Heart failure 32% 21% 36% 1%
Control 1% 28% 28% 33%

AcHp=0.005). AF-A FA= F 25%°14 QRS *
110 msolde] 22t ks Rkl ok A4 vl A
= A (intraventricular conduction delay) 2] SEjE
Bolow #zF Xet(left bundle branch block) < 21%
ol A SISt AF-A At A 5 S1 7W
A Egeke Fole A T4 32%, 549 21%,

H 36%, 3P 11%=E S3X%0 BEH glo] *F’_—EF
XS (Table 2).

AR #Ro|A 2] DIFFQF STDS] Ht#k2 22}
73432 ms9} 35416 msolem, G thrtolA
+ 14+6 ms$} 6+3 msolek A FEES 35%
u|gk 35~45% ARo] 18]al 45% oA i) o
2 o] HlwslslS ol DIFF: 7H2f 77+31, 66+
36, 14+6 ms®]%lal STD+= 37+15, 32+18, 6+3
msO|tHp=0.001) Fig. 2). QRS F& 160 ms °)*,
110~160 ms A}°], 110 ms ©J3lZ & Y] vl
31905 v DIFF& 242} 96425, 72432, 32+34 ms
°]3L STD= 46+12, 3616, 17216 mse|3{th
(p=0. OOl)(Fig 2). AF-Ho] glomA 110 ms ©l3t
o] QRS F5 2= 15%9] A-9-ollM QRS 9] Ftgk
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Fig. 2. Distribution of maximal difference (DIFF) and standard deviation (STD) of 4 time intervals from QRS onset to the
peak systolic velocity of 4 different left ventricular walls according to the ejection fraction (A) and QRS duration (B).

Table 3. Correlations between variables obtained by
Doppler myocardial imaging and other indices of left
ventricular function

DIFF STD
QRS duration* r=0.510 r=0.498
LV Ejection fraction (%) * r=-0.773 r=—0.771
End-systolic volume (cc)* r=0.742 r=0.864
End-diastolic volume (cc)* r=0.643 r=0.639
Sphericity index (systolic)* r=—0.686 r=—0.684
Sphericity index (diastolic) * r=—0.651 r=—0.639

*:p<0.001, DIFF and STD: maximal difference (DIFF) and
standard deviation (STD) of 4 time intervals from QRS on-
set to the peak systolic velocity of 4 different left ven-
tricular walls, LV: left ventricular

£ 93+12 msZE A AR, QRS # 110
ms o4l ol Bl DIFF #hel Aok61+
35 vs 87+23 ms, p=0.034) A tiz9] DIFF 3
7%k 1416 mse wwd ul FolsA 571a DIFF
e A E ASE YERTHp=0.001).

A A+ dPdRpellA 414l 857 DIFF 9 STD
= 59 AHHAS BYa(r=-0.773 with DIFF,
r=—0.771 with STD, p<0.001) QRS & o5} k<]
ABAAAE B9 ek(r=0.51 with DIFF, r=0.498 with
STD, p<0.001) (Table 3) (Fig. 3). DIFF ¥ STD+
%71 W 7% 84 (end—systolic volume, end—
diastolic volume) ¥} %2] ¥ #AIE, sphericity in-
dex 9= +9] A¥HAE YERISITH(Table 3). A
FAeA QRS 3} 2 FEES 39 HAE

H 0 r=-0.48, p=0.001) QRS % 120 ms vt
o] SARETE Woks v 2 FEEAE] ov] ole
A= A}AHr=-0.276, p=0.103). 18}, QRS
120 ms "|ke] $Ak=olA DIFFS} #4304 745
Afolells freldt &2 2t #A7E IThr=—-0.769,
p=0.001) (Fig. 3).

1%

2 ARA Fxe] Ao o
=707 Bugoe] gt} 7&

TEE 45% olsks ASsh=tl 3lo] Sol%(specifi-
city) £ 84%, W7 (sensitivity) & 44% 2 X113k v}
QTR g AR FAES PFow § 4 A
T QRS Fo] 160 ms °1dQl A7 APgollA
80%°19E ol Histe] HJH Y e Hel 3
ARrelAE 13%E JeRHp=0.001) QRS %2 57}
T AR Sl fHEY AFEES Eole 1Y
elrtebal BIckY ARA B gor AAES
A% £ o2 ATl thaEE] 24 (multivariate
analysis) < &3l A4 U A% AAL A= o
2 &7 7RetlelA] RS A5E A5k P
ok 55 Axlol QRS FHo| Tl ulEt AFGEE
A2} ol e FARTEY st AAEAE] QRS

Zo] zk3 Qe HAEE AAE L g, 7 L
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Fig. 3. Scatter plots showing correlations between left ventricular ejection fraction and QRS duration or maximal
difference (DIFF) of 4 time intervals from the QRS onset to the peak systolic velocity of 4 different left ventricular wallls;
scatter plots of total subjects are demonstrated in (A) and (B), whereas those of subjects with QRS duration <120

msec are demonstrated in (C) and (D).
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9] %24 (myocardial velocity curve, MVC)
o] vlEAY A 50 A F40 =
A5 grlstarat st

B 25 Aol glo] F4lA P EC] 456% nwk
AN B2t 2897 55% o)del 9tz 1849
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