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Quantitative Assessment of Myocardial Tissue Velocity in Normal
Children with Doppler Tissue Imaging :
Reference Values, Growth and Heart Rate Related Change

Se Young Kim, M.D., Myung Chul Hyun, M.D.” and Sang Bum Lee, M.D."

Department of Pediatrics, College of Medicine, Daegu Catholic University,
Department of Pediatrics’, College of Medicine, Kyungpook National University, Daegu, Korea

Purpose : To measure the peak myocardial tissue velocities and patterns of longitudinal motion of
atrioventricular(AV) annuli and assess body weight and heart rates-related changes in normal chil-
dren.

Methods : Using pulsed wave Tissue Doppler Imaging(TDI), we measured peak systolic, early and
late diastolic myocardial velocities in 72 normal children at six different sites in apical-4 chamber
(A4C) view and at four different sites in apical-2 chamber(A2C) view and compared those values
with each other, also observing effects with body weights and heart rates. Longitudinal motions of
the AV annuli were measured at three different sites in A4C.

Results : There were no significant differences of the TDI parameters between gender, ECHO-
machines and among the three Doctors performing TDI. Peak myocardial velocities were significantly
higher at the base of the heart than in the mid-ventricular region and in the right lateral ventricular
wall than in the left lateral ventricular wall or IVS. The TDI parameters showed no significant cor-
relation with fractional shortening(%). Peak systolic and early diastolic myocardial velocities had no
correlation with heart rates, but peak late diastolic velocities and A/E ratio correlated positively with
heart rates. Correlations between the TDI parameters and body weight were inconsistent. Absolute
longitudinal displacement and % displacement were not differ between gender and not correlated
with the TDI parameters.

Conclusion : We measured the peak myocardial velocities with TDI and the longitudinal motion of
the AV annuli using M-mode echocardiography in normal children. With more large scale evaluation,
we may establish reference values in normal children and broaden clinical applicabilities in congenital
and acquired heart diseases. (Korean J Pediatr 2005;48:846-856)
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Fig. 1. Location of sample volume of pulsed-wave tissue
Doppler imaging in apical-4 chamber view (1) A4C RV valve
level : subendocardium at junction of right ventricular free-wall
and tricuspid valve annulus (2) A4C RV mid-wall level : sub-
endocardium at right ventricular free-wall between cardiac
apex and tricuspid valve annulus (3) A4C IVS valve level:
subendocardium at junction of interventricular septum and mi-
tral valve annulus (4) A4C IVS mid-septum level: subendocar-
dium at interventricular septum between cardiac apex and
mital valve annulus (5) A4C LV valve level : subendocardium
at juction of left ventricular free wall and mitral valve an-
nulus (6) A4C LV mid-wall level: subendocardium at left
ventricular free-wall between cardiac apex and mitral valve
annulus.
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Fig. 2. Location of sample volume of pulsed-wave tissue
Doppler imaging in apical-2chamber view (1) A2C LV valve
level : subendocardium at junction of left ventricular posterior
wall and mitral valve annulus (2) A2C LV mid-wall level:
subendocardium at left ventricular posterior wall between car-
diac apex and mitral valve annulus (3) A2C IVS valve level :
subendocardium at junction of interventricular septum and
aortic valve annulus (4) A2C IVS mid-septum level : subendo-
cardium at interventricular septum between cardiac apex and
aortic valve annulus.

= kyUNGPEOK UTRLDS

Fig. 3. Three wave form of pulsed-wave tissue Doppler im-
agingS: systolic wave form, E :early diastolic wave form, A :
late diastolic wave form, Very low velocity waveforms were
frequently present during isovolumic contraction and relaxa-
tion, likely representing cardiac translational motion.
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Table 1. Abbreviations
Sites

of Various Variables at Different

Apical-4 chamber view

A4AC" RV -valve level : S(cm/sec) 4Stv
A4C RV-valve level : E(cm/sec) 4Etv
A4C RV-valve level : A(cm/sec) 4Atv
A4C RV-midwall : S(cm/sec) 4Stm
A4C RV-midwall : E(cm/sec) 4Etm
A4C RV-midwall : A(cm/sec) 4Atm
A4C IVSt-valve level : S(em/sec) 4Siv
A4C TVS-valve level : E(cm/sec) 4Eiv
A4C TVS-valve level : A(cm/sec) 4Aiv
A4C IVS-midseptum : S(cm/sec) 4Sim
A4C IVS-midseptum : E(cm/sec) 4Eim
A4C IVS-midseptum : A(cm/sec) 4Aim
A4C LV-valve level : S(cm/sec) 4Smv
A4C LV-valve level : E(cm/sec) 4Emv
A4C LV-valve level : A(cm/sec) 4Amv
A4C LV-midwall : S(cm/sec) 4Smm
A4C LV-midwall : E(cm/sec) 4Emm
A4C LV-midwall : A(cm/sec) 4Amm
Apical-2 chamber view
A2CY LV-valve level : S(cm/sec) 2SLv
A2C LV-valve level : E(cm/sec) 2ELv
A2C LV-valve level : A(cm/sec) 2ALv
A2C LV-midwall : S(cm/sec) 2SLm
A2C LV-midwall : E(cm/sec) 2ELm
A2C LV-midwall : A(cm/sec) 2ALm
A2C TVS valve level : S(cm/sec) 2Siv
A2C TIVS valve level : E(cm/sec) 2Eiv
A2C TIVS valve level : A(cm/sec) 2Aiv
A2C IVS midseptum : S(cm/sec) 2Sim
A2C IVS midseptum : E(cm/sec) 2Eim
A2C IVS midseptum : A(cm/sec) 2Aim

"A4C : Apical-4 chamber, "RV :right ventricle, TIVS : interven-
tricular septum, $ A2C : Apical-2 chamber
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Table 2. Mean and Range of Peak Tissue Doppler Velocities in Apical-4 Chamber View

Apical-4 chamber view Abbr.” Case Mean+SD

A4C RV-valve level : S(cm/sec) 4Stv 71 12.96£2.25(8.0-18.0)

A4C RV-valve level : E(cm/sec) 4Etv 71 16.38+3.15(10.0-25.0)

A4C RV-valve level : A(cm/sec) 4Atv 71 11.39+3.37(6.0-22.0)

A4C RV-valve A/E ratio 71 0.70%0.26(0.33-1.40)

A4C RV-midseptum : S(cm/sec) 4Stm 65 9.66+£2.05(6.0-15.0)

A4C RV-midseptum : E(cm/sec) 4Etm 65 13.194+2.07(8.0-19.0)

A4C RV-midseptum : A(cm/sec) 4Atm 65 8.91+2.95(3.0-15.0)

A4C RV-midseptum A/E ratio 65 0.70£0.26(0.28-1.40)

A4C IVS-valve level : S(cm/sec) 4Siv 71 7.89%1.76(6.0-15.0)

A4C IVS-valve level : E(cm/sec) 4Eiv 71 12.831+2.45(6.0-19.0)

A4C TVS-valve level : A(cm/sec) 4Aiv 71 6.8911.94(4.0-13.0)

A4C TVS-valve A/E ratio 71 0.56+0.21(0.26-1.38)

A4C TVS-midseptum : S(cm/sec) 4Sim 65 5.05+1.19(3.0-11.0)

A4C IVS-midseptum : E(cm/sec) 4Eim 65 10.82+2.45(4.0-18.0)

A4C IVS-midseptum : A(cm/sec) 4Aim 65 4.65+1.02(3.0-8.0)

A4C IVS-midseptum A/E ratio 65 0.46+0.17(0.21-1.00)

A4C LV-valve level : S(cm/sec) 4Smv 71 7.07£1.46(4.0-11.0)

A4C LV-valve level : E(cm/sec) 4Emv 71 16.14+4.53(7.0-27.0)

A4C LV-valve level : A(cm/sec) 4Amv 71 6.8512.08(4.0-15.0)

A4C LV-valve A/E ratio 71 0.460.20(0.19-1.00)

A4C LV-midseptum : S(cm/sec) 4Smm 63 5.21£1.58(3.0-11.0)

A4C LV-midseptum : E(cm/sec) 4Emm 63 14.00+3.11(8.0-21.0)

A4C LV-midseptum : A(cm/sec) 4Amm 63 4.6710.98(3.0-8.0)

A4C LV-midseptum A/E ratio 63 0.35%0.10(0.18-0.67)

“Abbreviations as menthioned at Table 1
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Table 3. Mean and Range of Peak Tissue Doppler Velocities in Apical-2 Chamber View

Apical-2 chamber view Abbr.” Case Mean=*SD
A2C LV-valve level : S(cm/sec) 2SLv 71 7.92%1.62(4.0-13.0)
A2C LV-valve level : E(cm/sec) 2ELv 71 15.59+4.69(5.0-27.0)
A2C LV-valve level : A(cm/sec) 2ALv 71 7.21%2.43(3.0-16.0)
A2C LV-valve A/E ratio 71 0.51£0.26(0.22-1.60)
A2C LV-midseptum : S(cm/sec) 2SLm 65 5.77+1.81(3.0-14.0)
A2C LV-midseptum : E(cm/sec) 2ELm 65 14.88+3.69(7.0-25.0)
A2C LV-midseptum : A(cm/sec) 2ALm 65 5.23+1.41(3.0-9.0)
A2C LV-midseptum A/E ratio 65 0.37£0.12(0.14-0.71)
A2C LV-IVS valve level : S(cm/sec) 2Siv 71 6.61+1.76(4.0-12.0)
A2C LV-IVS valve level : E(cm/sec) 2Eiv 71 11.56£2.53(5.0-18.0)
A2C LV-IVS valve level : A(cm/sec) 2Aiv 71 5.5411.34(4.0-10.0)
A2C LV-IVS valve A/E ratio 71 0.50%0.16(0.22-1.00)
A2C LV-IVS midseptum : S(cm/sec) 2Sim 67 4.46%1.12(3.0-9.0)
A2C LV-IVS midseptum : E(cm/sec) 2Eim 67 10.72+2.55(4.0-20.0)
A2C LV-IVS midseptum : A(cm/sec) 2Aim 67 4.51%0.91(3.0-7.0)
A2C LV-IVS midseptum A/E ratio 67 0.45+0.17(0.15-1.00)
“Abbreviations as menthioned at Table 1
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Subendocardium between

1. MO A =X8 PW-TDIC| EX H| cardiac apex and annular

portion(sites 2, 4, 6 of Fig. 1)

A 48Ee] ArEelA FA43% PW-TDIS Al 744 33 S—wave RV™>IVS'=LV"
<s E, A—ﬁﬁé) 2 AE HE SAASE R AaFARS) E-wave RV=LV>IVS
*él"%f], ﬂé%@?%(%if&é—?), HAAFLY oz FHAI} Subendocardium of Annular
ZolA = AgS HPOoH(P<0.05), E-TF2 AT} portion(sites 1, 3, 5 of Fig. 1)

A A B0 zhol TI’/\]'O]'O;\OD:‘ ARZARY wrl= ou] 9 S-wave RV>IVSTLV
ol EATHP<O05). A-AEe HAFARIAG A0 HA e ARG
Hli—?& e Halow, s -”%1"4 14 = A/E ratio RV>IVS>LV

(P<0.05). A/E W= #& 54T A
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To® I gho] ZolA= A AtHTable 4).

2.

A3 4tz wtE
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AF-SIE Uro] AR vas] Boks A
ANA E-3Ee AT AR, A-FFe A4 F
QoA skl ghel =ATHP<0.05). A/E HlE SRS,
AAFA, A4 o2 11 gho] oA rH(P<0.001)(Table 4).

Ao A A2C LV-midwall level® A2C IVS-midsep-
tum leveldld 243 PW-TDI AZSAES vuwshd S-31d
o] AAZEEE F AXGA ZFol7k WA ek oW (P=0.076),

“Abbreviations as menthioned at Table 1

E-, A-33 2 fAAFTHAA gudAl ghol ko424 p=
0.001, 0.002), A/E W& AAFTANM E=A ZFHHAHP=
0.002), A% 2wxo|x A2C LV-valve level¥t A2C IVS-
valve levelollA] 243 A A £ 7247 Has) v T
AX el S-7% = A/EHE FAFOE e AolE Heo

A gkgrok(Ztz p=0.170, P=0.755), E- ¥ A-33& A F
AR F44 FHoA BEAHORE g B Aow £
HAHZHZE P=0.000).
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A= 4‘“‘:01]7‘1 AAC RV valve level?t A4C RV mid-wall

level(Fig. 1)olA &A% Ztzte] SAXES vlusnH S, E,
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Fig. 5. Box plots of three peak tissue Doppler Vel(zcities of
valve and midwall-level at apical-4 chamber view. P<0.000,
TP<0.002.
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Table 5. Comparisons of Peak Tissue Doppler Velocities of S, E, A-Wave Form at Each Wall

Apical 4-chamber view Peak myocardial velocity”

Apical 2-chamber view Peak myocardial velocity "

AA4C" RV-valve level E>S>A
A4C RV-midseptum level E>S>A
A4C IVS-valve level E>S>A
A4C IVS-midseptum level E>S>A
A4C LV-valve level E>S>A
A4C LV-midseptum level E>S>A

A2C LV-valve level E>S>A
A2C LV-midseptum level E>S>A
A2C IVS-valve level E>S>A
A2C IVS-midseptum level E>S>A

“Abbreviations as menthioned at Table 1, TP<0.001

Table 6. Correlation between Pulsed Wave Doppler Tissue
Parameters in Apical-4 Chamber View and Heart Rate

Table 7. Correlation between Pulsed Wave Doppler Tissue
Parameters in Apical-2 Chamber View and Heart Rate

Wave form and region of PW-TDI Case rf p- Wave form and region of PW-TDI Case rf P-
value value
RV-midwall level 4Stm” vs. HR 65 -0.0689  0.588 IVS-midseptum 2Sim” vs. HR 67 0.0418 0.739
4Etm" vs. HR 65 0.1399 0.270 level 2Eim” vs. HR 67 -0.3270  0.007
4Atm" vs. HR 65 0.3855 0.002 2Aim" vs. HR 67 0.2315 0.061
A/E ratio vs. HR 65 0.3138 0.012 A/E ratio vs. HR 67 0.3613  0.003
RV-valve level 4Stv” vs. HR 71 -0.1943  0.107 IVS-valve level 2Siv"° vs. HR 72 0.0248 0.839
4Etv" vs. HR 71 0.2475 0.039 2Eiv" vs. HR 72 -0.2260  0.060
4Atv" vs. HR 71 0.4553  0.000 2Aiv" vs. HR 72 0.2731 0.022
A/E ratio vs. HR 71 0.2857 0.016 A/E ratio vs. HR 72 0.4130  0.000
IVS-midseptum 4Sim” vs. HR 65 0.0546  0.668 LV-midwall level 2SLm" vs. HR 65 0.2565  0.041
level 4Eim" vs. HR 65 -0.2597 0.038 2EIm” vs. HR 65 -0.4202  0.001
4Aim" vs. HR 65 0.4083  0.001 2ALm" vs. HR 65 0.2312 0.066
A/E ratio vs. HR 65 0.4341  0.000 A/E ratio vs. HR 65 0.5496  0.000
IVS-valve level 4Siv" vs. HR 71 0.0999 0.410 LV-valve level 2SLv" vs. HR 70 -0.1623  0.179
4Eiv" vs. HR 71 -0.1586  0.190 2ELv" vs. HR 70 -0.2682 0.025
4Aiv" vs. HR 71 0.4895  0.000 2ALv" vs. HR 70 0.3584 0.002
A/E ratio vs. HR 71 0.5012  0.000 A/E ratio vs. HR 70 0.3739  0.001
LVmidwall level 31222 :]]Z Eﬁ gg _8;;151? gggg "Abbreviations as menthioned at Table 1, "partial correlation
4Amm” vs. HR 63 0.2326  0.069
A/E ratio vs. HR 63 0.5019  0.000 -
LV-valve level 4Smv” vs. HR 71 -0.1069 0.378 6. 2| MTHZO} MuSTHO| 2
4Emvi vs. HR 71 -0.2047 0.089 A 4T 6RO olA =A% A AT Lwel Aubms
4Amv vs. HR 71 0.3051 0.089 RS
A/E ratio vs. HR 71 0.3990 0.001 ¢ oj

“Abbreviations as menthioned at Table 1, "Partial correlation
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w2t F7H(P=0.01, r=0.317)3t3, 4Atme EFA7F S71gel w
2 T glo] #Aste Ae® EAHUATHP=0.03, r=-0.258).
4Sim¥ 4Eim2 FFA7E Solded wet o 24 27 F
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7k o2 et S8 ¢RI §9]: P=0.031,

Table 8. Correlation between Pulsed Wave Doppler Tissue
Parameters in Apical-4 Chamber View and Body Weight

Sites of PW-TDI Wave form P-value r'
A4C" RV'-midseptum level S 0.01 0.317
A4C RV-valve level A 0.03 -0.258
A4C IVS -midseptum level S 0.001 0.393
E 0.004 0.350
A 0.047 -0.247
A4C IVS-valve level S 0.001 0.391
A4C LV -midseptum level E 0.005 0.350
A4C LV-valve level E 0.003 0.353

“Abbreviations as menthioned at Table 1
TPearson correlation

Table 9. Values of Absolute Longitudinal Displacement and
% Displacement with M-mode Trace of Annular Motion

Apical 4 chamber view Case Mean=*SD

Absolute displacement in RV” 31 1.93+0.29(1.43-2.79)

(cm)
% Displacement in RV (%) 31 24.98%4.92(15.79-35.80)
Absolute displacement in IVS® 31 1.09+0.26(0.54-1.62)
(cm)
% Displacement in IVS(%) 31 15.07%2.34(7.99-19.31)
Absolute displacement in LV” 31 1.30%+0.25(0.78-1.76)
(cm)
% Displacement in LV(%) 31 16.98%3.20(10.82-24.06)

“Abbreviations as menthioned at Table 1
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