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Utility and Assessment of Regional LV Function during Pre-ejection Contraction Period and Early
Filling Period by Tissue Color Doppler Imaging Method
Yoshie Nakajima (Second Department of Internal Medicine, Moroyama, Iruma-gun, Saitama 350-0495, Japan)

To evaluate regional LV function, regional pre-ejection contraction time (PECT), and pre-ejection contraction
velocity (PECV) and early diastolic velocity (Emyo vel) were measured by M-mode tissue color Doppler in normal
myocardium of 28 normal patients (pts), hypertrophic myocardium of 18 pts with hypertrophic cardiomyopathy
and infarcted myocardium of 11 pts with myocardial infarction. Data were compared with global LV isovolumic
contraction time (ICT) and early diastolic mitral flow velocity (Emv) measured by pulsed Doppler. PECT was
significantly shorter than ICT in all patients. PECT was uniform in LV of the normal group. However,the mean
PECT was shorter in hypertrophic myocardium, and longer in infarcted myocardium than that in normal
myocardium. In both hypertrophic and infarcted myocardium, abnormalities of PECV and Emyo vel were detected
easily while LV-ICT or Emv was within normal. M-mode tissue color Doppler methods are useful in distinguishing
between normal, hypertrophic and infarcted myocardium more sensitively.

Keywords: tissue color Doppler, pre-ejection contraction time, asynchrony, regional LV function, regional
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FHA% R v 75— (Tissue Doppler imaging method;
TDI method) &, TERIMFLELZNET 2 51ETH -
1z R 75—z OinEEE g OFHIC S H Lz & O
TH 3. DIEOBESESNIMFIC AR T2 O AT
10 cm/sec LA R &L, FZD Ry II—(E5MmE
1340 dB LA EJEHICRWD. T, Ry TFo5—T 4
WWER— LA OFENC X D IRk D Ry 75—
SrEBRETNE, BEESIHRO Ky IS —E5RT %
o3 et ns. CORBEI R Y 75—(E
BN T—FR LI OB R Yy 75 —1ETh 5.
WHONZT— Ry 7T —k & R B I w5 i
7z R aRT, BIDSEHEHORTRL, #HED
HOEF A B WO TERT .

PERDISIVA Ry TS5 —ETE MO X 51,
YU TIVARY o — Lz Dk BICEE L, FFT %

B RERACFESE AR EH=E
CFER 14 411 A 8 B 3240

I & 0 EERE 2 R IS 35 F BESE B T O KR & Al HE
Ths. Lhl, ok FEESOVAR Y 75—k)
T, YU NWRY a—LHBEEE NS 1720, FHlZIEL
FRKEBIFREHO.OMED X 91 OEHNC T % 00K e
RO ENEED K X 72 O O HEEEE O FHAE A
#ThHsb, THUTHLT, HT7—F— RO TDIETI,
WO KELSBH LT A 7 —1HHIEBRR L TE
IRENBTDICHFTH S T EMREEN TV B>,
TDI &,  Ja P A 280 5 OO U 35 & U 91k 58 K% HE
FTAL, R EROEE OBK, AfLT a—RFD
R ATREE B FLE OHE T R EICBISHENT VS D
ZORFHIF D TRV, AR TIE, kO
ARy T T —1EIC X 2 S HOBEEDIFEMIC N Z,
M E— FHBEA Z— Ry I —1EIc KD, BATOESE
HOBR AN fHER (PECT), R AT A2 55w B H AL A
HE (PECY), RFMLRFROHEE (Emyo vel) Z 5t
AL, EFEOEER CURERRD, OIEREE (LR
KEE), OFEREIK R 72386 2D ZERE (LU N REZERE)
Mt L, TDIEOA IS OV THET L 7z.
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[T L, BHS DB 2R kah o T B A 28
(5120 4], 2ok 845, P-4 fn 5117 5%, 13~73
) ZIEHEBEE Ul D= PEEEED 13 mm DL T,
DEWPREEE /) SRR RN 13 EH S E D
FIERFE AR E Uz, CTORRZEHT % EH]
24 (51 (F31E 18 31, M 6 I, “PES4FRE 59119 % © 19
~87 %) HHUKREEE Uiz, RiC, FEPRATA, O,
VI I — AT D 5 BH B 7% i BE A b O i B 2E D
HEAED GRS B T EB] 11 1] (M 10 61, 2Pk 1 4,
YRR 6118 % 1 52~77 %) A HEZERE L Uiz, 2t
DV REIERE IS0 78 A 78 A FAMHLEFI 16 G 5 BRAE

Uz, RSRITITNTHRER T, R OESE, o2
DOEHE, (ZEkE, hEELEOOIEAREIXED &
Moz,

DId—- Fy75—RE: BEEE Rz
SSA380A T, it~ 2.5 MHz 33X U 3.7 MHz Dt
g Rx—TJa—TJFH Uk, BT XS
HIBANIIC UlEfT L7z, 7 —&1E S-VAHS 54 57—
ICREER L, EHIEME—FLZIO—KBIUTIIVA

Ry 7I—HRIEA N v TF v — MTHE D &
50~100 mm/ #Cacdr L7z,

PERDFTETEZD ME— RO I—X7ZidekL,
Fe BRI (Left ventricular end-diastolic dimension
; VD) &5 X U 2B YUHE AR (Left ventricular end-
systolic dimension ; LVDs) Z &t L, % /e BN
f#% (Fractional shortening ; % FS), AZE—[FEIHE
(Stroke volume ; SV), .OMAH & (Cardiac output ; CO)
ZEPR LY. fEm R, Teichholz D™ I
FHOx, EZEROGHIED 5SROI EBZRAA =
EREBIGERABRROAZE UTEIREL, IEHEEDTR
e Lz,

IDVIERPUERTIH Z 3/ U, (R L\ )i
Y UTNWRY a—LZREL, WVARYTI—IC
CAEME P R E S 2l ik Uz, hsRFIHA=RTRA
i@ (Early diastolic mitral flow velocity ; Emv) 7%
R, F e, FARRELUIZOER EO TSNS
Pk LA O (B o7l 308 I 37 B s K C e S St i P
(Isovolumetric relaxation time ; IRT) & U C&Hilll L4
RREDfEIR E LTz,

DR = Bl <, KBk E LT O KEIR
MREEZ )V A Ry 7o —I1c K0tk L, KEIRER
HIMBR OB 5T £ TOLEE R (Ejection
time ; ET) Z5HAIL 7z. FA UK (Isovolumetric
contraction time ; ICT) (&, PEaREAMEMEFRIEE IR DL
THEHBEE TORMANS ETHEXU IRT 2k U THE
LY (Fig. 1.

1% Ry 7> —1R&E (TDD) : s fokx Ellibrn, FLEA

T

LAV D fe g i, OSBRI, DR
feE Wi o 4 Wi 2 W .o a— TRt L,
FTNEFNTHT—TDIZidsx L. [EHEBETIE,
Wi CRiBE R & % FREZ @S 5 ME— FE—
L7238 E U, Wi THiEsiio ME— F 45— TDI
TEER U, DR Ta—FIckDHME—RHT—
TDI &, O ORE EFTAE— NI 7R 5 K 91,
HEEpE, BEE L ISR L, &4 OJIEM
IMN—EICTR B X DI IR UHIE Uz, MEKHE & FH%E
BEC B [ARRICHTEERR & % MRED ME— R /15— TDI
Fadek Uiz, TOHE, WINHOIBAARE (X,
FESE) ENL L7520, M IEIRRE SR & 72 o fz. TDI
WEZT =)L T IV RZ—, T4 L, & &I
D OFENREIC TR 5 K 5 WMFAEE L 7zhy, @i 13 h
T— R v 7T —DOREEEEEE 2.5 B X T 3.75 MHz,
Ry 75—V A0 D X U AP AL (pulse repetition

Mitral inflow

LV out flow

Phonography

Fig. 1. Schema of Doppler time intervals. "a" is the interval
between cessation and onset of the left ventricular inflow.
"b" is ET (ejection time, duration of the left ventricular
outflow). IRT (isovolumetric relaxation time) is the interval
between second heart sound and onset of the left ventricular
inflow. ICT (isovolumetric contraction time) is obtained by
subtracting IRT from a-b. PEP (pre-ejection period) is the
interval from the onset of the QRS waveform to the onset of
left ventricular outflow.
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frequency ; PRF) (& 3~4 kHz, 515 —D# 0 iR Ui
(color aliasing velocity) & 10~20 cm/sec, 7S)VA R
TIT—DREAT—IVIFFAFAIY Iy L
7.6 cm/sec ICiRE LTz, ME— K515 —TDI i Eh
5, UHEHERE DI T & % Jai At D e 28 wif 5K H U A
# [ (Left ventricular regional pre-ejection contraction
time ; PECT), Jaj Fft O /=8 i 5K HY B UG 3 1 (Left
ventricular regional pre-ejection contraction velocity ;
PECV), HLSREMEREDIREE T & 5 JaFriibak SO
(Left ventricular regional myocardial velocity during
early diastole ; Emyo vel) Z 51l L 7z. PECV &,
FREENEO I VY 2 —RICh T —HE (=)
Foih b bR TR LTz, 2O, JEFEIC ME—
R 717 — TDI G & D UNHE I C i & BHE A & W EB T,

IVS

L1

| |1 Smyo(IVS)
N

LI

T ixb b KEBHEE ORHEZ IR Uiz 7o 72
(Fig. 2). ME— R A5 —TDI B LIZIERE DK
EREETNE, ME /o= B T, IEE K
HHD IcHh @A E & B 5% 75 m), %5
MRt (B D < 5D T, SRR o
TERENS (Fig. 3). ORI T, UGHHIH (R
WD W3R & RS R (Bl i D < 1) T
PRI I S TERIRE NS, PECT Lid, OFEIN
MaRE T 1% B A S ER H FARA GG & T O R FT A= O
B TH S, UL, EZERKTS S ERIGHER;
MORHICIZIFHYE T3 EEZ 5N TWVS. ME—R
71— TDLE Tl ME e ig /e E BWim <, FRET
B, BEECREOE LD, ORI TR
BEEL LICHOICERINDIIFMEEE L. T Ol

LV free wall

[l
Smyo(LVFW)

:
8,

Emyo vel

Fig. 2. A representative recordings of M-mode tissue color Doppler image (apical approach) in the normal subjects. PECT
(pre-ejection contraction time) is the interval between a kick (atrial contraction period) and systolic period and showed in blue
color. Smyo is left ventricular regional myocardial velocity during systole. Myocardial velocity can be measured non-invasively.
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Fig. 3. A representative recordings of Myocardial Doppler (M-mode color) in the normal subjects. Myocardial velocity can be
measured even when traversed distance is short. Regional LV function can be assessed non-invasively.
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H, 9abb EBERIGEEICIE, Fig. 4 OFREKKIC
R XIICEBINABEZZ TICERIBICED K
FCZFDEZZEE LTS EEZBNS. £, L
KD QRS DAL E LD O SLEHREFFTO PECT
PBARGT 5 1E R £ T O %2 ik HiER (Pre-ejection
time ; PET) & UL CaHHIL 7=,

et rRA

AERUIEY HEEREE S (SD) TR U7z, BB O
figtEld, — ohidiE ANOVA 35 X O Scheffe D J5iEIC
KO L, G 0.05 KiizAEE L.

PARASTERNAL
APPROACH

p kick PECT

| H avPw
i
TR

Fig. 4. Explanations of color changes and Pre-Ejection Contraction Time (PECT). Heart is transformed to round shape showed
in yellow color in PECT.

g€

isovolumic="no change in LV volume"

IR,

fm R

% 3 BEOEFIRM a7 ¢ —)V B X CHERD.LOTO— -
ISIVA R 75— AOkER%Z Table 112, ME—R7
Z—TDIIC K D1ESNTAEH 7% Table 2 1IRT .

SHEMI O Lbfg - MR Mo 2 BEIC LEX, LVDd
MO KED > 2 (566 mmvs 4717, 44+7 mm
;p<0.05). % FSIZ X DL L (2719% vs 40£5, 42+
8% ; p<0.05), ICT It 2 BEICLENBHERE CHEIC
2EE U T W7z (80+25 msec vs 57123, 50+21 msec ; p
<0.05) (Table 1). PECT [Z1EH1C LEAAEKEE Tl i
L (21£13 msec vs 361+14 msec ; p<0.05), FHZERE T
EE LTz (63119 msec vs 36+14 msec ; p<0.05).

APICAL
APPROACH

a kick PECT

i
Hi

25 PVNELLIR B88Cw/s =32 _S50cC

Table 1. Patients profiles and results measured by conventional M-mode echocardiography and pulse Doppler methods

No Age HR LVDd IVST %FS Y% Cco Emv LV ICT
Group of (yo) (bpm) (mm) (mm) (%) (ml) (Vmin) (cm/s) (msec)
Cases
Normal 28 51£17 6510 477 10£2 405 74£25 49+19 64£22 57%23
Hyper-trophy | 24 59£19 609 447 17+4 * 42+£8 67£22 38%15 57£20 50£21
Infarction 11 618 6211 s6x6 * | 103 2749 * | g0+21 4.8%+1.9 5122 80425 ¥
# # #

*: indicates significant difference (p<<0.05)compared with data of normal subjects.
#: indicates significant difference (p<<0.05)compared with data of hypertophy patients.

Abbreviations HR ;heart rate, LVDd ;left ventricular diastolic dimension, IVST ;diastoric interventricular septal thickness, FS ;
fractional shortening, SV ;stroke volume, CO ;cardiac output, Emv vel ;early diastolic mitral flow velocity, LVICT ;left ventricular

isovolumetric contruction time.
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PECV [Z IEHFHCILNAERHE, BIZERFV TN BT L
TWiz (4.84+1.5 cm/sec vs 6.841.8 cm/sec ; p<0.05, 4.6
+1.7 cm/sec vs 6.8+1.8 cm/sec ; p<0.05) (Table 2).
DIA— < NNIVAFRY TS5 —FEME—FAT—
TDI EDLLE

INFEBSREDIERI T, EWBETICTIC < 5,
HEEED PECT (35545 L (36114 msec vs 57123 msec ;
p<<0.001, 3911 msec vs 57+23 msec ; p<0.001), FfF
& HHBED I A S Nah > 7z (36414 msec vs 39+11
msec ; ns) (Fig.5).

AEREE TLEIEIRAHAT O PECT 13224AD ICT £IHS
MIETRD ENEh o Tehy, IERELO PECT 134>

RO ICT, FEARKENLO PECT & b A &I L TV
7z (21£13 msec vs 50121 msec, 47+ 24 msec ; p<0.001)
(Fig. 6).

FEERE ClIIFBEZEENL D PECT 13 £ 4AD ICT &
DA BRI L Tz (4120 msec vs 86430 msec ; p
<0.001). FE7z, BHZEHAI T ICT X D FEfiEofimic
H -7z (63119 msec vs 86130 msec p=0.05) (Fig. 7).

PLORFERE Tld, Emvid 3 B CHEZ TR b Nx
M- 7zhY (Table 1), Emyo vel (ZEHEHCEE UNEREED
NERERNL I K OCMERERF ORISR T, & HICHRICK
TLTWz (31%+1.7cm/svs 6.0+2.3 cm/s ; p<0.05, 3.7
+3.3cm/svs 6.0+2.3 cm/s ; p<0.05) (Table 2).

Table 2. Results of measurements by tissue color Doppler method
Data of hypertrophic and infarctional group were drawn from each regional portion.

Number Emyo vel PECT PECV PET PECT+PET
Group of Cases | (cmy/s) (msec) vel (cm/s) (msec) (msec)
Normal 28 6.0£23 3614 68+1.8 4614 84%19

*

Hypertrophy 24 3.1x1.7 2113 48x1.5 5618 82%16
(Hypertrophic
region)
Infarction 11 3733 63+19 46%x1.7 43110 108£15
(Infarcted region) #

*: indicates significant difference (p<<0.05)compared with data of normal subjects.
#: indicates significant difference (p<<0.05)compared with data of hypertrophy patients.

Abbreviations Emyo vel ;early diastolic regional myocardial velocity, PECT ;pre-ejection

contruction time, PET ;pre-ejection time.

msec p<0.001
120 ¢ 1
o p<0.001 n.s.
& I |
80 | o o
‘ L ]
8 57+23 ..
2980 .@.‘
40 = s { 36214 #} 39+11
*®
ot s
[0}
Global LV PECT PECT on
ICT on free wall
septum

Fig. 5. Comparisons among the global left ventricular ICT,
the regional PECT of the interventricular septum and the left
free wall in the normal subjects was shown. Septal PECT and
free wall PECT were significantly shorter than global LV ICT
(»<<0.001).

msec
120 | |
@
100 p<0.001 p<0.001
[ 11}
80 ‘

47+24

60 b ]
% 5021 :
40 % °
21+13
" <

Global LV PECT in
ICT hypertrophic
myocardium

samtnlres oo

PECT in
non-hypertrophic
myocardium

Fig. 6. Comparisons among the global left ventricular ICT, the
interventricular septal regional (hypertrophic region) PECT
and the left free wall (non-hypertrophic region) regional PECT
in the hypertrophic patients was shown. PECT of hypertrophic
region was significantly shorter than that of non-hypertrophic
region in the hypertrophic patients (p<<0.001).
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msec p<0.001
I 1

L

160 p=0.05 np.
| I 1

86+30
{ g }63119
3

120 |

o RS Xee o

80 | (Y
L]
a0 « 41120
. f}
]
0]
Global LV PECT in PECT in
ICT infarcted non-infarcted
myocardium myocardium

Fig. 7. Comparisons among the global left ventricular ICT,
the infarct regional PECT and the non-infarct regional PECT
in the infarction patients was shown. PECT of infarct region
was shorter than global LV ICT (p=0.05). Global LV ICT was
longer than PECT of non-infarct region (p<<0.001).

z =

D FRIGEIAD /e = RE#EE) - SERIGEE (ICD &,
fEMEFR DS & KEIRF O E TORFE T, 2D
NS L DT IENARIE —ED X ZTIHEL, ZDIE
X OERIBIEL 2 DD, WHEERINE B RKERE
% e RE U T CREIIRFR DS B AR U BRI & 72 1.
JR A D U RE D4R A & L T i B 1 (pre-ejection
period ; PEP) 27 5 %A, PEPICEEX PECT &
T3 b AT < A CRMEICEHII T E 2168 T
HO, AWFETIE PECT Z5HIII L7z, ARIFFEOIEREE
TIEZ PTG D PECT HY /= 0K O A= HE IR L
(ICT) X &FEM-TDIX, EFEE Nz PECT DA
I ICT & E5E2IC s LsW T & & Rt PECT @
Bl & T DB OENIC & D FifEZ (asynchrony)
NHzTLlickd®EZ25N1Y. Goresanb” I3,
LA EHA O BRI N IS T % 0 D peak velocity
ECORRIZOLERROG D EERELI DL HE
KRN 2R LT, ARG TIRLE PR & #%EE
DPECTICEZFERONAEM> Tz, THIESED
RRESTT, DRED B OIEFBIC T TDOZE GEBAL)
TD PECT OBk & #& 7 ORF A2 #Hfi L T
TEN—INTHAAEENN D 5.

FEFEREClE, MEEEGRALIEER OWiE.O I —XT
BISRENZEHETIZOE DB FLTED, O
T TS5 EIFHOENTH S, HE> T, HZELS
£ PECT DL E & PECV O Fid, MO0 DIY
MR FZKMLTWE EEZ NS, £z, H
FEERNL D PECT DAEEMN LV ICT DA HixERICH
HLTWSAREMEN R E Nz IEFE OGS
FEREIC, WZERBETCILVICT A PECT LD EEVDIT,
asynchrony I X % EHEIE 5. QRS DB K D

PECT H3BiUA< % iER1E TORER (PET) 1%, 1EHAE
AEKRE, BEZERFO 3 EHRIOAEARZRDONEh > T
(Table 2). E£ 7z, PET & PECTDOM1Z QDA F
D /5 PECT# 7 & TORM TR DOIKERER RS
£ 9 —DDRIETHZH, DIMEZERTORIEH R
IR E #2328 72 (108115 msec vs 84119 msec)
(Table 2). PECT Z N b DO HRT X O
BUSIAEREDIRIZ & b iz,

fEABEICH T B, PECTIEEEICEHL T\
(Table 2). T OREKLIIICE % E=Z [T PECT O
FEREO R RIEIRE TR WS, BEALEIC X 2 LR AR
BEIS IO R 9 7% b baifaf QKA E S LT3
LEZHNZY. WA ARREOIKERD PECV (F1EH
FECHEANEKF L, IERELOHEIC BV THT LA
HONFESIHEE T LAKTLTWVS T EHUR
SNt ERBEE EHERZ LVICT THIRL TEHE
ZIFRHH5NT (Table 1), ME— A5 —TDIIC
X% PECT TRAELENRDENIzC L&D, TDIE
IZ KB R RFREEE RT3 T OB E RT3 £ T
KO EENENT AR E N

2) YLEEKSHE @ HLIRRSAETIZ/ VA Ry 75— fHEiiE
FIMFEE OIERE Emv Tl 3 BERINC DD b ik
Mo iz, LA L, Emyo vel iC X % ROl O HESE
REfRA TR IER BRI LEANIERRE OISR, BHSEREORE
FEE L QI I RSO SNz (Table 2). 2D &L
TDIVEAD SV Ry T —1EIC R K D EERENT &
Y B e B bnie.

PR D OLT a—EIC X B RO DK HE T
& TDI VAT K B 722000 7 it D BE5E Bl D A 72 L
Uiz, ZOE, ME— KI5 —TDIERERE LG
JAFTOZAL 7 NG 5 T EDARETH D, itk
DR OUHERERE, PLIRFEAERIE D B H O 2 M
THTENARETH D, LHREDZ(LZFIT % 5 2
TEHRATHAZ EHREI NI,

AKHAZEDPRSR

B, RmEE) 2Rl 2 BRI DR SR O & D
WEEZIAHEENDTENS. HlZIE, KED.O0E
W B 75 EDREROE E M REVIEGEICIE, M
B OVZA Ry 75— TR0, MR o
IO REE L 7% C BN TVBE?. LAHL
AMETONRTOBEAROEZHNEHL -8 DI
B, TOREARMBEOMBICHE O KT w7
HzaholzelBbns. H i, Ry rFo— A4
AMEDOMEND 29 TDIE Ry SS5—1ETH %
DT, AFABKEIEE WS RAN ST S LIET
TRV, & SITEEODFRRMEDETTISEME R = e
WAERRLUTEO®?, DR EE) 713 E T %
T ERAAFEETH O ZNTNOWFHEOFMZ RS C &
W TERWV. FE=IC, AL TR S 3 B2 Likin
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MUY, FE—EEBRICBZEEEE L, F—E
BT ONRREDEI TREIC 51 B ATE DR, A F1EIZH
SMMTETERM > 1.

FLH

OOEREE, O ZERIC DWW T TDIE & HEkD
DILO—, /LA Ry 75—k THiliHic B0 %18
fEFBEDTEIE (PECT, PECVvs LVICT), fLiERHD
HLIERSREDFEE (Emyo vel vs Emv) 7 Lhifig U 72555,
PEFR D JTH: Tl T & Inh o T2 HEKOH D I AE
DR PRV, BRI DOILIEFERED(K T 72 TDI
HEIC X OFEHMCME T 5 T ENATRETH o 7z, TDI i
Je Al D BEEE) 2 A5 5 S D D BB D FTBE T H B
1z, OHERE AR DG Tl M H T & RV R TDEE
HEEE 22 TEEHEMELTHS. Lich->
T, RERISHT 2 LI &> THEREICET S0
i P EBOEEEE) O VIR ZMET U, SNRED AT §E
55,

I

ARG SAERRICER U, IEBZICHEB DU L H iy 72
CTHREZW D £ Ul nUR A AR A BT Hh v i Al
DTERICHEIEH N LET. £, MHalzF-o
7z, [AIES ZNBHAAS T RENAWRR, TaM BRI et
Wiz LE9.
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