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W E* RiF IERT
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WHE R

BE REESOEZLEEHAHOMEICL 2B EZRFTOSHEMAROBE 2 RMNT 5720, #%
& 484 (I5~T38%) xR, BRHFL7—VRERT -7z, EXREREIBOEREL L0 45F
L, HEES, LoREE X UMABELRIZ > & Time-activity curve & D —k sy e % {Erk L, Peak filling rate
(PFR) L EZ2MEOIFEFRE L » £ /5P PFR % ToRE (Time to peak filling rate (TPFR)) D4E#HIZ X
BEIZONT, EBLERBLUZRERIcoXHRI L. Esick v AE=ZE2E&D PFR ZETL, BHO
TPFR DEXRKEWI Y, E£ELED PFR IMET L. FF® TPFR offhic X 2 E{LiizEZnd Y,
DRES, PRRETIE, ML L bz TPFR EMT 525, QEERTREBRICIOT—ETHo7. UEX
D, Mz X D REEES L0 RES, PRI oM O R BRI 0 A AN (Physiologic asynchrony) 23
WL, shngE=ELE0 PFR OETO—RHikoTWa b0 LEX NI

L EFC®IC

s & Y OBERET Dz LrmsRA T
519, = »7%{kix, contraction phase & relaxa-
tion phase TEXH Y, LEIFIZIT INHEHIBEE
BLRreAsicbhrrbby, HEREHMARRS
JUBBIET T 5 LEhTwa1D, BHIRE
B R BLLFREY TiE, ZoiREHIR
WOEEZ, EERFIORFAMLEE 2EELT
WBZEATRENT WS, B, MEICRE S FL3E
BHIFEMOBETIZL, ZoORFMAMERBEKRLT
WBLTHHENRD B, EXRFOBEIC—E
DONRE = FRholcbBREATWSIS,
4E, k3 ESTERHEHBOETIC,
AFMFEHVBR LTV B 2ED, BLU, BIF

* LpRFEEFERE AR
** [E 7R ERBE
ZfLEIA 140
Bimaft c cE12A 198
HIRIEERSE © i RFEEH/ & 1144 (B T755)
o KRFEEERSE AR
& B T

LTWB LT BE—TEDRE—VHDDNED,
ZOWTHRE L7z,

II. MREFE

XHE, BoE, BhBESEEIRE LTUKRBEL,
EFA, WE, LDER, O -, EHARD
HyvF XV DEBEFS VWL BT L2484
(I5~735%, WFH4TL155%, BiE3ds, Kikld4)
T& 5. IfE 140/90 mmHg P E# EILE & L
S Lz, 10BIT3 DY 7 —F VRELEITLE
EREDEH oI,

FiEx, 925 MBq~1.11 GBq (25~ 30 mCi) ®
9nTc-HSA ##iEL, EHEICELZI0450%LY
BOEO X < 438 T & % £ Ji &L 40~60 [,
BRI 1ISEE T -fIB LY v v 54 £ F (Ohio
Nuclear VIP 410S) # FR¥ L, EHFEL 77— A
A=V U T RRTLIE. AA-VIRERLER
R#i~vF r—bEERW, 42—-V0EEE
(Ohio Nuclear VIP 450) iz @i L7-. INEEFTC
100 041 & D ¥ R-R FfgZ sk, 109, LA E
O R-R B0 F—#1%, RERLMHEE LTRSI
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L7z. FHR-RERE 25%5L, F—71—2A
RIFRERBL L, 54 FP_UvERAWERICELDL
FHRERE L. BROX O IL, EE2EHEE
DEHRLELTAHEL, PREES (SEP), LA
(Ax), fUEEES (LAT), LEM L LW, £EIX
EARMIRIC T, EZ2FK, FEE, LW, fEE
HOBOBODANy 7 75 FEEDTHEL,
EEL2(k (GLB) BLUOERFTO FEf# L —K
B HERE RO 2. [HERINT —KMMES, €
vl BREARL Lic, B, DESHZFEONS
» SRS L7z (Fig. 1).
EEZBECERELLT, UT0ob0zRD:
(Fig. 2).
A, IRiERAERR
(1) ERHi=R (EF)
(2) FRRHARBE THIE U 7o BoKER H#es
(PER)
(3) LERRHEL Y IGERL £ <0
(TES)
B. HiSRHBIRIE
(1) $LRARHIA (EDV), —ELHH & (SV)
B IV PER THIE L AT EE
(PFR)
(2) EZ2E0 ERH XY PFR £ To R
fi (TPFR)
C. [EFr @ 7 iR %0 8% & &) (asynchrony) 0 g
*;14,20)
(1) EZL0 TES 23+ 5 HfEE, L4
B, BEEER > TES o Bffio X v et
TED#Fn (4Txs)
(2) EZ£ o TPFR T3t % PR,
DR, BIBEH o TPFR 0o Bl oo X
v i E (3 @ 8 o 4T|GLB-SEP|,
AT|GLB-Ax|, AT|GLB-LAT|) o#Fn
(dTerr)

1. % ®

DB X ) BeE ¥, IWHEEmES,
Iniic X ) ER U2, HEEHmEICZEEROH
Egd3/z 43 o 7= (Table 1).

27 % 3 5 (1990)

Fig. 1 The LV region of interest at end-diastole (ED)
was divided into four regions at the geometric
center of the area. The background correction
was estimated in each of the septal (SEP),
apical (Ax), lateral (LAT) and global LV
regions of interest obtained at end-systole (ES).

First-derivative curves
TES —
e rPFR—
!

{ PFR
i

[—AT IGLB-SEFI

GLB

) ]
M pném
V

—— 4TIGL3-Ax

LA

=
X i e ey

Tgg = b.c
= ATIGLE-SEPI »

‘/\
ATIGLB-LATI «
ATIGLB-Ax!

Fig. 2 The first-derivative cureves of LV global (GLB)
and the three quadrants (SEP=septal, LAT=
lateral, Ax=apical). TES=time to end-systole;
PER=peak ejection rate; PFR=peak filling
rate; TPFR =time to peak filling rate; 4Tes=
sum of the absolute values of the regional time
differences at the global end-systole; 4Tprr=
sum of the absolute values of the regional time
differences at the global peak filling rate;
AT|GLB-SEP|=absolute time difference from
global peak filling rate to septal peak filling
rate; AT|GLB-Ax|=absolute time difference
from global peak filling rate to apical peak
filling rate; 4T|GLB-LAT|=absolute time dif-
ference from global peak filling rate to lateral
peak filling rats.

T“FR
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Table 1 Effects of age on indexes of left ventricular

function
Correlation with age (r)
HR (bpm) 0.08
Systemic blood pressure (mmHg)
Systolic 0.31*
Diastolic 0.16
Global LV systolic function
EF (%) —0.01
PER (EDV/s) 0.03
TES (ms) 0.14
Global LV diastolic function
PFR
(EDV/s) —0.42%**
(SV/s) —0.481
PFR/PER —0.47t
TPFR (ms) 0.41%*
Regional LV asynchrony
ATEs 0.23
ATerr 0.37%*

*p<0.05, **p<0.01, tp<0.001.

LV =Ieft ventricle; EF=ejection fraction;

EDYV =end-diastolic volume; SV=stroke volume.
Other abbreviations as Fig. 2.

1. URHEHARAE

EF, PER, TES i3inhic L v, HED Bz R
XMootz (r=-0.01, r=0.03, r=0.14) (Table
1.

2. HEEREAHEAE

FLERARHIATE, —EOHHE S X O PER TH
IEL7 PFR i3, M VERCET LR =
—0.42; p<0.01, r=—0.48; p<0.001, r=—0.47;
p<0.001) (Table 1, Fig. 3). UiEH# L » PFR
T TORM»H 5 TPFR i3, FERERELE (=
0.41; p<0.01) (Fig. 3).

3. RFOFTIRMELEEDIER

IERIC BT 2 AN AMBEESH O IRIETH S
ATes i3, MG & YV FEOEILE RS20
(r=0.23) (Table 1, Fig. 4). —J, fIERH O
BThD dTprr 13, INERIC X D EEML 72 (r=0.37;
p<0.01) (Table 1, Fig.5). kiz, = ® ATprr &
PFR t 0% % & % &, PFR (EDV/sec), PFR
(SV/sec) B X "PFR/PER & ATprr @ [} iT, B
DD r=—040; p<0.01, r=—045; p<0.01,

~ rs -,
9 P <0.01 ¢nu 48 )
Y = -.02X + .45
R 4 x SEE = .58
= .
= ]
= x
N d
[} 3 x x
- x
x x
& xx X
i x
x »* xx X
-? 2 a x X %
—_ » x "!x x
= " x
_§ J
& [
7 r=-.48
~ P < 0.001 (n= 48 )
8 X Y= -.02X + 514
] 1 SEE = .68
~ H
=~ 4
[Z)
N
Q
=
)
(=]
- x
= J
=
[ 1
3
A 0
2 ru-47
P < 0.001 Cnm 48 )
Y = -.06X + 1.19
1 SEE = .17
as
s
=
a.
x
[
~
g 300 r=.a
- P < 0.01 (n= 48 )
e J Y= L8 ¢+ 134
= x SE=X
8w %
x
0
=]
—
=
-
[
i
a.
o
-
o
— x
=

Age (years)

Fig. 3 LV peak filling rate, peak filling rate/peak
ejection rate (PFR/PER) and time to peak
filling rate plotted in relation to age. Peak
filling rate and PFR/PER decreased and time
to peak filling rate increased as functions of
age. EDV=end-diastole volume; SV=stroke
volume,
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ATES (ms)

27 % 3 & (1990)

r=.23

NS (n= 48 )
Y = .48X + 18
SEE = 31

Fig. 4

€0 80

(years)

Influence of age on regional LV systolic asynchrony (4Tgs). The sum of the

absolute values of the regional time differences at the global end-systole (4Tks)

did not vary with age.

200
160

120

ATPFR (ms)

r=.37

P < 0.01 ¢n= 48 )
Y= .78X + 13
SEE = 30

X

Age

T T T
60 80
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Fig. 5 Influence of age on regional LV early diastolic asynchrony (4Teprr). The sum of
the absolute values of the regional time differences at the global peak filling rate
(4Terr) increased significantly with advancing age.

r=—0.51; p<0.001 DHFEOANHEABEKREZFED
7= (Table 1, Fig. 6).

4. TRMEHBDELCH

EELEOIERT X V EX2E B X UL R
» PFR £ TORMICH 3 &, RIEEES (163433 ms)
PELEL, W TEREL2K (179£36 ms), LR
IR (184+£38ms) & 72 Y, HFEH (195435 ms) A3
B 182 o7 (Fig. 7).

wic, F#L &R0 TPFR o BfRz 43 &,

RIEE, LA T, BOI® r=0.29; p<0.05,
r=0.30; p<0.05 D FA A & w7223, MEEERTIZ
BHEOMHBEIZED 2 -7z (1=0.11) (Fig. 8). =
Di1-w, kEELE D TPFR & 4 FFio» TPFR @
B X voHxt{E <5 % AT|GLB-SEP|, 4T
|GLB-Ax|, 4T|GLB-LAT| L4 & 0%RE %5
Y, HFEE (AT|GLB-SEP|, r=—0.11), DL
(4T|GLB-Ax|, r=0.17) T3 A & BT o &
o lehd, RIBEES (AT|GLB-LAT|) Tixhnfsic &
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roe -
- P < 0.01 (nm 48 )
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=
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3 X
- XXy
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- x xX X x X
= x B X x
= x XXX
= x
3 :
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P < 0.01 (nm 48 )
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Fig. 6 Influence of regional early diastolic asynchrony
(4Tprr) on global peak filling rate and peak
filling rate/peak ejection rate (PFR/PER). In-
creased diastolic asynchrony (4Tprr) was as-
sociated significantly with reduced filling rate
and PFR/PER.

VEZFIZIEE L TW/=(r=0.53; p<0.001) (Fig. 9).

Iv. = E 4

1. InESI= & B EENEAREED Z L

LH 0 L R ER (EF), KB HEE (PER),
DERREL Y UHERK £ T o B (TES) i,
T X VL L7s o7z (Table 1). fEkRE D

.
t
1
* NS t
300 i
[w]
260 PO
] o
<}
220 | Tg % & ¢
E g% o1 e
& q:cc‘:v's 8 Q
E (Jﬁ‘i @ e\ °
180 | B3 THE, LES (88
3 |8 |8 |8
20° 18 |8
& w [ &
140 | @ g e @
o @ @ ]
©
100 1 ) 2] (o] <
o T

SEP Ax  GLB IAT

Fig. 7 Time to peak filling rate (TPFR) was signifi-
cantly shorter in the lateral region, followed by
the global and apical regions, and finally the
septal region. Bars represent mean+SD. *p<
0.01, 1p<0.001. SEP=septal, Ax=apical,
GLB=global, LAT=lateral.

RO EHEE I ERICEEERT v sh
TE V2D, SEICKRITTHLRIBROFTATSH o 7=,
70, WHERMTOLRTMEES CEETH 2
ATes 3B EOELEREY, AR AfE
EEhImEic X oLz vwb ot EZ LR
(Table 1, Fig. 4).

2. hn#BIc & B EEIRAMEEDZE L

EEIRERHOIEETH 2 B KFHEHEE (PFR)
OFEIZIE, —ffkEh b o 257 {, Bonow
152D L E RIS, WRKAHAE —EOREE
BIX U ARELHEE (PER) THIE L ZEZ AW
7z. WEFRTHIELZPFR LML W ETL
THY, &z, PEREIMEICE Y Bl
L b bd, PFRIPER 3EFLTHY, Eo
BARBEEMETFLTWA D L E X bh
(Table 1, Fig. 3). z oz L iEME—F Lz
—68) Ry 75—kl S — kT8 T

WESHTEY, EROBEL—F L. &KX
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TPFR-SEP (ms)

300 r=.30
P € 0.05 (n= 48 )
Y = .75 + 148
1 % SEE = 36
250 x
x
~ »
x x
£
IDO. x x
300 r=.al
X NS Cn= 48 )
Y = .23X + 152
T SEE = 33
2%
~ 4
H x
o 4
200 x x
5 « B x x
T - X Xx  ox x
E qu
= 4 X w % x x %
x X X xg xx
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100 | %
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Fig. 8 Regional time to peak filling rate (TPFR)
plotted in relation to age. Septal TPFR (TPFR-
SEP) and apical TPFR (TPFR-Ax) increased
as function of age, but lateral TPFR (TPFR-
LAT) did not vary with age.

WMEEORDOFREE LT, Mk hLHo
collagen 25, #ML.LAFDE 238 L, compli-
ance R ETT5 2 L1322, XU F/Nak~D
Ca BIRESMET T 5 72 o, O O URER I 23E
£ LZEZ relaxation DK T2 Z 3 Z & 1,2,4,23,29)
NELXLLRLTWS., —7F, relaxation » EEIZH
LTEFEL#EML TREMERZ 2 ROESR
REHAWMEEZ RO ) ITH Z LR ESH

27 % 3 5 (1990)

TW5830 33 SEOKFFHTLRINL DI,
hnfific X Y IRBEHIFEMEE KT EL S 2 L
XY, Eick ) BERERESRD TS LEX
54, relaxation NEEIZH LT EREED REME
DEMBEL TV EWEHESH, Ml VE
FE® reservoir function 23{EF L T WL AIREMED
Exbhs.

RS E Y R R A WHEEETORMTHS
TPFR (2 ffisiz X D IEE L 7= (Fig. 3). TPFR (&
time constant X fHEH 35 Z L BHES L TH D),
Tnis Iz X B A2 relaxation O[EEY KT 5FTR
LExbhI.

3. MRS K BEETIRMFEHNEIL

TERHIAFAMIAR D 8 TH D 4Terr (3
fHic X Y #IANL (Table 1, Fig. 5), BAKFEEE
(PFR) 1% 4Tprr @M L & & IZIET L7z (Fig. 6).
Thbb, XY EREHFERMEE T 5
5%, To—EE LTARBM KON’ EE
LT3 L& x bR REOEFIEEIRE
HRLMS) I RRLLFED LB W THRE SN TS
D, BT Bonow 519 MRz X % HLARFI TN
DR T IS ATMFEH O MMAEE L Twa L#E
LTHY, ZOoRREIRTIFRLEX DRI,

4. THRME/BDELHA

IFERMIE VBRI HE S TORMTLHS
TPFR # £ T4 % &, fBEMIZE W TRL R
Mol (Fig. 7). 2ok iz, RATICEWTERR
FEE DA U SBHICED H 5 2 L RERER
DX > T HE S T W 5220, F/,
Yamagishi 529 13 & RO FKRARFEM DL U % K
CE—EQIEF S Y, RERSELEL, v
TTLARE, FRELEsEEHMEL, 0
# — % physiologic asynchrony &BEA TW3.
LSEOKEITYEL, ZOJERFICHE > TR Y physio-
logic asynchrony 2 FHET 5 b0 L Ex bhle.
wiz, &R TPFR L &£ L o Rz 25 &
PR, DR TIREEOHENED bR,
BIBELRIZ ERIC X 6T —ETH - - (Fig. 8). ¥
bbb, QEERE TREMICE DT EBICEMS
NN, DRELE T & bICRHEIEEBLS
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Fig. 9 Absolute time difference of the three rigions (4T|GLB-LAT|, 4T|GLB-Ax|,
AT|GLB-SEP|) plotted in relation to age. Only the AT|GLB-LAT]|J]increased

significantly with age.
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boLrEZ LN REMARAMTEHOEET
»% ATerr (IEZE2M (GLB) & £/FETO TPFR
DEDHIEDRIMTH B, Hr0ELERL
DERERS L, {BEHO A (AT|GLB-LAT|) A3
iz y FECEiML Twiz (Fig. 9). 2%V,
EESEB I UFRE, ORI X 9 T
PEL 235, [BEHOAZERICL LT —ER
FREHNAE L B72», AT|GLB-LAT| 0 ZA3H#HC
IVEETBLDEEZONK.

Bonow 513 1307 — viEZHWIEIZ X 3R
WIIFEREOHMERE L TWE 2, ZOHEMIF
FHCBWT—EDP AN Z — v iZ R olc L BTW
3. HEIZBWT, Bonow HILLEE S MO
HHELLTWA R, RFOMERMX Y &£RETD
PFR % T Bff% 4RFT® TPFR L LTV &,
EZENR 1/3 2RI L TRITO SRR EE-> T
WBERET, bhibhoFELERERY, Ol
DIZ—EDO Y =V BEEL P2 TR B
xbhan, ZOHECREIRAT, SKROR
MrEfrLEXLNE.

RAfMABmIMBIC VAL RKE L LT,
Klausner 529 3 EEEE O BITICB W TLRE
&EI5» contraction velocity & £E i & @ fHIZAD
MR oz LR TH Y, Tyberg 53 128y
£ Bk |2 T contraction velocity & relaxation ¢ IE
DHBEZEDTEY, ZhboZ kY, i
XV DRSSO relaxation 2MET 32 LHES
n3. FoWHERL LT, RETTO load, inac-
tivation » nonuniform distribution iZ X % relaxa-
tion ME V3D, JHFT T @ stress D3E 32 )36
ELTWBEEXZLNER, bAbhoT—4»
LIS A EREREETE Lok,

V. ¥ R

1) EEIHES X O IR IC X 2
Tl R+ 50, BEESLZHRIKE
Bl 77— VRERITY, EZrEEELE PO
iz 4BEIL, ERLk, R, DAHES XU
B ARHBBR Y, TO—RMSBRE ERL 2.

2) ERWHEHOIRETH 2RHR (EF), &K

27 % 3 & (1990)

ERHiEE (PER), IUHEARR = ToRH (TES) %,
Eic X VB Lotz

3) EXERH O EE T D BRARMEERE
(PFR) 1z, #LRAHIAH, —EOHHE, PERT
WELEZBWES, 30oBO, EmicX K
FL, fERo#HE LRI & ) EEHRRE
HRBEEIRT T30 LB LN,

4) EFRE T O ZRFOIAMEEEG DR
T B AdTes 1%, IAESIZ X D EEML 2220 o 7223,
PFR o B # T 0 £ RO N AMEES 0 fER T
5 ATerp (I MERIZ X VIIML, dTerr QM
Lrdic PFR ZETF L7z, iz X Y R
AL, PFRIETO—ELAh-oTW5 EEX
LTz,

5) EEOHEHEHRKICR—ED -V
BdY, ABERSELBEIHEVTLLREERY,
HEREASBR TR Y, PEROMED X 5T physi-
ologic asynchrony 23FEfET 5 L Ex biic.

6) RERFFERO Wb —ED T — v 2D
D, IMSIck Y AT E CORBI—ETH B2,
DyRER, SPRRES T I & Y SRR TR OB
Wi bh, = OB L ORI, PR o NG
2 X B EDE WS, IR EMmo RE &
BoTW. YEXY, MEEICX D physiologic
asynchrony 23300 L, I OHIMAILIREMIFCE
HECETFTO—ELZ->TWA EEX LN,

RRCOES 135 36 B HALBRTS ) TER

1 >
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Summary

Age-Related Modification of Regional Left Ventricular
Filling in Normal Subjects

Yuhji FURUTANI*, Masafumi YANO**, Kenichi YUKI**,
Hiroatsu YAMADA** Takashi YAMAGISHI*, Masaharu OzAk1*
and Reizo KUSUKAWA*

*Second Department of Internal Medicine, Yamaguchi University School of Medicine
**National Hamada Hospital

Age-related reduction in global left ventricular
filling has been reported. To assess how regional
left ventricular filling is modified by aging, radio-
nuclide ventriculography was conducted in 48
normal subjects aged 15 to 73 years. Left ventric-
ular regional filling was assessed by dividing left
ventricular region of interest into 4 quadrants,
from which global (GLB), septal (SEP), apical
(Ax) and lateral (LAT) time-activity curves and
first-derivative curves were derived. Indexes of left
ventricular systolic function at rest did not vary
with age, but early diastolic filling significantly
declined with age: peak filling rate normalized to
end-diastolic volume (EDV/S), peak filling rate
normalized to stroke volume (SV/s) and peak
filling rate/peak ejection rate decreased (r=—0.42;
p<0.01, r=-0.48; p<0.001, r=—047; p<
0.001), time to peak filling rate increased (r=0.41;
p<0.01) with aging.

Early diastolic asynchrony was measured as the
sum of the absolute values of the time differences
from global peak filling rate to that in each of three
quadrants (4Tprr). dTprr increased with age (r=
0.37; p<0.01). Moreover, AdTprr correlated with

global peak filling rate (EDV/s), peak filling rate
(SV/s) and peak filling rate/peak ejection rate (r=
—0.40; p<0.01, r=-0.45; p<0.01, r=—0.51;
p<0.001).

Time to peak filling rate of the lateral region was
the shortest (163438 ms), followed by the global
(179436 ms), apical (184438 ms) and finally the
septal region (195+35 ms). This suggested that
physiologic asynchrony with regard to the sequence
of regional filling exists in resting condition in
normal subjects.

Time to peak filling rate in the septal and apical
regions increased with age (r=0.29; p<0.05, r-
0.30; p<<0.05), but that in the lateral region did
not correlate with age (r=0.11). These regional
differences correlated with increase in 4Tpyg.

Thus, aging alter left ventricular diastolic func-
tion, with reduced rate related to increased
asynchronous early diastolic filling due to prolon-
gation of time to peak filling rate in the septal and
apical regions.

Key words: Aging, Systolic and diastolic func-
tion, Physiologic asynchrony.

Presented by Medical*Online



	0199
	0200
	0201
	0202
	0203
	0204
	0205
	0206
	0207
	0208



