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Summary
Atrial filling fraction (AFF) obtained by left ventricular (LV) echocardiogram (echo), i.e.,

LV volume at end-diastole—LV volume at the biginning of atrial contraction
LV volume at end-diastole—LV volume at end-systole

AFF by LV echo = X 100(%)

is considered to be an exact measure of AFF of LV. However, in patients (pts) with LV asynergy,
AFF by LV echo cannot be evaluated correctly.

To obtain AFF non-invasively in pts with and without LV asynergy, we devised a new echo-
cardiographic index of AFF obtained from the aortic-left atrial echo (Ao echo), i.e.,
the posterior wall excursion of the aorta at atrial contraction X
LA dimension at the biginning of atrial contraction

the maximum posterior wall excursion of the aortax
the maximum LA dimension

AFF by Ao echo =

X 100(%)

The significance of this index was assessed in 21 normal subjects (NS) and 79 pts with various
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heart diseases [10 of hypertension (HHD), 9 of hypertrophic cardiomyopathy (HCM), 21 of angina
pectoris (AP), and 39 of old myocardial infarction (old MI)]. Left and right heart catheterizations
were performed in 9 NS and 64 pts and then the correlations with the index, LVEDP and LAD index
at the beginning of atrial contraction were examined. In additional 18 pts with acute myocardial in-
farction (acute MI), the relationships of this index, pulmonary arterial end-diastolic pressure (PAEDP)
and LAD at the beginning of atrial contraction were studied for a few consecutive days after the onset
of MI.

Results were as follows:

1) In NS and pts without asynergy, a significant correlation was seen between the index and AFF
by LV echo (r=0.878, p<0.001). The value of AFF by Ao echo was higher than that by LV echo
about 139%.

2) AFF by Ao echo in pts with HHD (41+£9.3%), HCM (42+6.2%), AP (42+6.4%) and old
MI (49+8.7%) were significantly higher than those in NS (30+7.5%). It was suggested that the pre-
vention for atrial fibrillation should be important in pts with MI.

3) A significant curvilinear correlation was seen between the index and LVEDP (r=0.834, p<
0.005).

4) A significant correlation was seen between LAD at the beginning of atrial contraction and
AFF by Ao echo (r=0.585, p<0.001). This finding supports the concept that Starling’s law is opera-
tive in the human left atrium.

5) In pts with acute MI, day-to-day changes of the index correlated well with those of PAEDP
and LAD index at the beginning of atrial contraction.

Consequently this index may be a useful and non-invasive index for estimating LV distensibility,
and for evaluating the day-to-day changes of LV diastolic performance in acute MI.

Key words
Atrial filling fraction Aortic root echocardiogram Left ventricular filling pressure Starling’s
law Left ventricular asynergy

AFF (AFF obtained by the left ventricular echo-
cardiogram, LAF AFF by LV echo) i, JE#
MANCRDIAEL LTRETHS 5. LALEE

F L&
ZFE® booster pump action X, LMFAEKH]

2, DIHEEHR & OREORT LcEEICE
WTIREBICEER &% Lo T3, ¢
20 EZEH OEZMEESETH T 3 0EIR
Hick 2B OEE, T4 b b atrial filling frac-
tion (AFF) »ESiEMSEC 52 5 28ico
WTREE L ORERDH B4,

HEOLT a3 -0V, FEBMANICE
FEhLhTa—Hhrs, LEAMEBLTOEERHED
BEBRNAENE LRL LIS, EEREZh L0
XYV RO DAHP OEZEFHBR L, 1
TUIAhLEM LRIE, EZ0RFTINESR
HORWHITIRVWHERBAE Lo Z L RELD LN
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RFTERE R TERA, EBLT a—KomR
H2SREE 2 EFNC B Tid, ZDFHEEIC X 5 AFF
mtﬂmm%—@% 518,19)_

—%, BiERECEIRBRBEHO==2—XEH
7z mitral flow volume DEFHRIMARAR ST
ZUD R OE 1Y, KEREEE DR KIRIEIC
ERRERUIENEZRPIERE 0FEICHE
{%7%2 < mitral flow volume & X {#HEH+ 5z &
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KEPRBEHO T 2 —KX v R FL v AFF o
#2148 (AFF obtained by the aortic root echocar-
diogram, LA F AFF by Ao echo) #i#EiE+ 3 &
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KEPRIRERL>— =2 —[KIZ & 5 atrial filling fraction

Table 1. Materials
Acute MI
CONT HHD HCM AP Old M1 Antero-  Infero- Total
septal posterior
Sex Male 15 8 6 19 36 10 3 118
Female 6 2 3 2 3 4 1

Age (mean) 28+16 54420 43+11 55+10 54+8 61+11 57+10 50+16

13—55 22—80 21—58 36—71 34—66 40—75 49—71 13—80
Left heart 9 — 9 21 34 1 — 74
catheterization
Right heart 9 — 9 21 33 14 4 90

catheterization

CONT =control; HHD =hypertensive heart disease; HCM =hypertrophic cardiomyopathy; AP=

angina pectoris; MI=myocardial infarction.

&bic?, FEBMEORES X ORELHEES
ZBWT, ZOEBELEERMEL XL, &
HOHEEF Tz ORBMELE VREIL, &
FoMRE/BIOTEREEMATHET 5.

& EFHE

i A A = PYRHE 3510 T = — [
ExfTo9 b0 118 (8 97 f7), 4 21 4], 4
ih 13~80 1%) 245 EIOBIEOX S & Lz (Table
1). zoWNRE, EFE 214 (B 1541, %« 641,
5 13~55 &%), BHMESE (hypertensive heart
disease, UL HHD) 10 4| (B 8 {5, # 24, 4F
5 22~80 %), EAELLAE (hypertrophic car-
diomyopathy, LI HCM) 941 (5B 64, & 3
i, 4E#h 21~58 %), PLE (angina pectoris,
LI AP) 2141 (3B 1941, %24, i 36~71
5), BHIAMELCMH#EZE (old myocardial infarction,
LATF old MI) 39 4 (55 36 41, % 3 i, R 34~
66 %), AMCMBiEE (acute myocardial infarc-
tion, LLF acute MI) 18 fz] (58 13 45, Z 5 4,
FEHA0~T58) Tholz. ZDHIBELIT—F
MVRE BL O EBIRER & To7cniF, EFH
94, HCM 9, AP 21 f], old MI 33 4,
acute MI 1 filoE 73 ], %7z, acute MI 18
BBz ABERRIc bed side T Swan-Ganz
catheter IZE 3L TF—F VIR E & 1T 1WA,

2~6 H[ERRFEAIC IBIARIE D JIE 21T - 122 i
T a— X E1x Aloka 8 SSD-80 % 7-ix 110-S
AR 2.25 MHz, E#& 10 mm OEHKE | 5
VAV a—¥—&ERAL, LERBLULERE
FIRFEES L, MY HE 50 %7213 100 mm/sec
T, ANV Yy 7Fr— FERBKRT v A FiREE
1Tofz. RRERITIMENL % 72 I ERIBML O LFIRAE
TITY, EEZD> S, LEPRL X OESHRE
PEEPICER S AL L. RBRBEH S X UL
ERENRICEFE SN 3L O A TRE %
o7z,

EEbTa—K» b, ESNERHE (LT
Ds), ZEEAME (T Dd), EIRAERL
BroEEE (LAT Da) 25 L7z, KEMRIRE.C
Ta— bk, KEIREEE = —0 ZEXRIE
(LLF Ep LEEZR (UT L), 8 OLEIRER
MR O KBIREEE T = — OfRIE (LLF E2) &z o
RATOERER UT L) KonTiiok.

Fig. 1 gE®EL>=— R & Y Kk w 7= AFF
(AFF by LV echo) X U KEIIRIRE Loz = —
Bx bkwiz AFF (AFF by Ao echo) m3h
##%m+. Ds, Dd, Da oft v, Teichholtz
oREAWT FEHETO EBARE (DsV, DAV,
DaV) 2EH LK. zhbEHn3L: AFF by
LV echo (%) tx (DdV —DaV)/(DdV —DsV) x 100
OXTRbEND. KBREEE T = — DRKIRIE
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=239

E;xL,
E, XL,
= 30%

AFF by Ao echo = X100

Fig. 1. Echocardiographic determinations of AFF obtained by echograms of the left ven-

tricle and aortic root in a normal subject.

Dd=left ventricular end-diastolic dimension; Ds=left ventricular end-systolic dimension; Da=
left ventricular dimension at the biginning of atrial contraction; DdV =left ventricular end-diastolic
volume using Teichholtz’s method; DsV=left ventricular end-systolic volume using Teichholtz’s
method; DaV =left ventricular volume at the beginning of atrial contraction using Teichholtz’s meth-
od; E;=maximum posterior wall excursion of the aorta; E,=posterior wall excursion of the aorta
at atrial contraction; L;=maximum LA dimension; L,=LA dimension at the beginning of atrial

contraction.

W EREE® Ui (ErxL;) 23, mitral flow
volume LEWAHBAMEZFE> 2 & X V1017, LB
IR HEH) DBBEIRIE I Z OB R TOERREFE L2
fli (EexLs) %200 FEIHEIC X % mitral flow
volume Df5fE L L, AFF by Ao echo (%) %
(Eox Lyg)/(Erx L) x100 L LCcHEMH L. Fig. 1
2R LsEfl <k, AFF by LV echo i3 23%,
AFF by Ao echo 1% 30% Td -»7-. Fig. 2 1
EFplIB L0 old MI i o KBHIRIEHR.L = =2 —

MERLIZLDTHS. DFEIUHER O KBRS
i (Bo) 3, (OB CIER flic b~k L
Tk, AFF by Ao echo ZEH##|T 25%,
old MI 4T 61% T - 7.

Ol 7 — 7 VREER O ESIERIE R, A
A fE A 37°C RPN T 30 S L,
calibration U7z Millar fl» 54~ ) 2 — 4% — %
Jivy, fluid filled # 57— 1 % reference & L
THGE L. D=2 —RE O 7 — 7 ViR
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Fig. 2. Aortic-left atrial echograms of a normal subject (left panel) and a patient with old

myocardial infarction (right panel).

O 14 HURICIT -7 B, 2L bOE
B FIEH R Td - 7.
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AFF by LV echo & AFF by Ao echo £ o
FHEAR% % Fig. 3 127"+, Wmi#E ik r=0.878 (p<
0.001) & RS % 55% L7225, AFF by Ao echo
i AFF by LV echo X »#7 13% K& IicHH
xi7z. MI fix AFF by LV echo i 23
RleHIZZ ZTIREWIE.

1. REBEBICHETDH AFF

#y s Lo AFF by LV echo 3 X 0t AFF
by Ao echo #igfH + fEiEfFzE L LT Fig. 4
15k L7z, AFF by LV echo T4 3% &, EWH
18-+5.79%, HHD g 28+9.29%, HCM # 28+
5.59%, AP #f 27 +649% <, HHD, HCM,
AP B CIEREIC L LAE 8k oh (p<
0.001), AFF by Ao echo T# T IEHHEE 30

+7.5%, HHD ¢ 41+9.3%, HCM @ 42+
6.2%, AP B¢ 42+6.49%, old MI # 49+8.7%
ThY, RFVIEFEIC R FEERTE AR
= AFF 23#8fnL (HHD p<0.01, HCM p<
0.001, AP p<0.001, old MI p<0.001), #ic
old MI Bt THHRMKBA LI,

2. AFF b ESHREHEE OBIF

AFF by Ao echo & =g« #iE (LVEDP)
LoMRE T3 FIIc o>V T BREt L TH. Zoff
B[EYRG 3 AR E 2L, r=0.834 (p<
0.005) & ELFARI %38 %, LVEDP 74T
AFF 23Kk7%4 % % ;s Lic. HEEIC 25 &
HCM gtz AFF o#fnictkL, LVEDP o
EA0EY BE Y EHTH - (Fig. 5).

3. AFF LEREEEOBIR

DFEI AR 0 EFE (LI) & AFF by Ao
echo » o#EEIE, r=0.585 (p<0.001) >IEFAR
2w, DENERAR OEFEREOKL 2 b O
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Fig. 3. Relationship between AFF by Ao echo
and AFF by LV echo in patients without asy-
nergy.

AFF L K& <k afm xR w iz (Fig. 6).

4. REOHEERO AFF L HERIGREES KU

EEZEOEAZL

Fig. 7 i3 acute MI 18 flic3i} 3 AFF by
Ao echo L fiBHIRILIEISHIE (PAEDP) 0%
DRIEEERP LD BEHEEHEZ RLIZLDTH 3.
#EHEB o AFF r LVEDP ! off% LR
i, EURBREEDRFEEZEL, r=0.670 (p<
0.005) & BviEB & kL. LA L Fig. 8 1257
T X 5ic AFF oz i3 B Blbic—gE o fEmix
Hohehole. %72, B2HADOEHD AFF
by Ao echo {3 52+8.3% T& vy, old MI L[
RIEEBICH L TERALBARERLL. Fig.9ic
1 acute MI 18 iz 513 3 LNEUKERRAERE D E
BE (LI) £ AFF by Ao echo L DEFE0%H
EEROERALEH 27T, iy r=0.592 (p<
0.001) LEDHE# B®, LI oKL Lbic

AFF oRfAR&E» .

% S

ZRE? booster pump action D iEZEHLIERIH)
REIC 5% 5 EEMIC>W T, 1628 48 Harvey
PRB LTI EZ 0@ EN»H 517", Wiggers
& Katz iz X 3 &£ AFF 0E#EX 18~60% (FF
¥ 35%) THv*, Rahimtoola &iz X iLiF EH
BET2L7%, DFEERTIR3S5I% THEY. %
DEMTHLEN EEEEKR ET ZERR, &
MmtERE Tk AFF XEEIEmLcwiz s o
BEIZ WY, Hed, EERPTIGEREOH
IZBAfR%: < AFF % non-invasive ic4nv, 4
IC SR O BEZERE 0 2 RILIR RIS RE O R 2L
BT 5 B TESREIOME 1T - 2.

Dra—HERnw TR oEZERRE M5
KL TR, BEECRKROIEIEEShT
3.

1) EREHEEZHANZLOTO, BEKL
MREh T3 D, EXRFIEEL 2T 54
Bl TIRIEREMICS L s,

2) MR a—KLYRDHBIHETY, £x
RIPTEE R % 0B HEIZBi{% 4 < mitral flow vol-
ume #EFHHPITE B LFPEIA TS,

3) KEMRHEEE DEHE % AV T mitral flow
volume #4134 T2, ERRFUNGEREE O
HBEFITHLHEATE 5.

AFF izconwTb EEBo B kL Lz 3
EREXONZ3DEIYURDZLTHA .

LRI DOHFFE ik, AFF by Ao echo #afjko
TELKEEL, EZRPTIERE DRV EF T,
zh & AFF by LV echo & »BtHBIRIE 2~
7z. Wi#Ex r=0.878 (p<0.001) L g iEEE %22
i, AL LTI, AFF by Ao echo i
AFF by LV echo x v g 13% K& <EH&
NBEETHB. Lo, EFEH SEEHTOE
BELELLY, VEFAORBBEE 171X
ZoER+oER L Bbhiz. AFF RIE¥E
ZHL, HRLLAFEEHTERIEMLTS
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KEIRRIES L= = — i X % atrial filling fraction

AFF by LV echo(%) [fFF by Ao echo(%)
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20 20} L *k 1
| R * P<0.05
10 meantsD 10 {meantsp ** P<0.02
N:==61 N=100 *%* P<0.01
*xkx P<O001
CONT HHD HCM AP CONT HHD HCM AP oidMI

Fig. 4. AFF obtained by both methods in 21 normal subjects and 79 patients with various
heart diseases.

a0}
o
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Y=44.4582 -2.1218 X¢ 0.0297X? .
r=0.834
p< 0.005 o
‘a E=799
T N=73 o ]
€ 20|
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o
Q
w
2
I CONT meant SD
0 HCM
a AP
O old MI
A
L_ui I ‘ T 1 ] ]
20 30 30 ) &5 5

AFF by Ao echo(%)

Fig. 5. Relationship between left ventricular end-diastolic pressure and AFF by Ao echo
in 9 normal subjects and 64 patients with various heart diseases.
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] m 2
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Fig. 6. Relationship between AFF by Ao echo and LAD index at the beginning of atrial
contraction.
AC'ilTE STATE
O st day
4 2nd day ACUTE MI (18e:s)
o 3rd day
® 4th day ——— ANTERO -SEPTAL MI
A Sthday e INFERO - POSTERIOR MI
® 6thday
% 7th day
25 = CHRONIC STATE
Y =29.9399-1.1247X t 0.0143X?
r=0.670
P<0.005
20r =260
) N=67
y;
g 157
N
a
% 10
o.
s -
1 1 | i

30 20 50 60 70
AFF by Ao echo(%)

Fig. 7. Relationship between day to day changes of AFF by Ao echo and those of pulmo-
nary arterial end-diastolic pressure in 18 patients with acute myocardial infarction.
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KEMRARERL = 2 — I Xk % atrial filling fraction
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DAYS AFTER ATTACK OF ACUTE MI

Fig. 8. Day to day changes of AFF by Ao echo after the onset of myocardial infarction
in 18 patients with acute myocardial infarction.

70t ACUTE MI (18e1s)
ACUTE STATE
O Ist day
A 2nd day
0 3rd day
|| 4th day
60 A 5th day
® 6th day
* 7th day
& CHRONIC STATE ,
— -3 N
AN el
5 50| /
<
[3]
o
]
< Y=23,08*1.34X
401 -0.592
> A r=0.5%
o ] p<0.001
th : N=66
< ¢
301 —— ANTERO-SEPTAL Mi
r INFERO=POSTERIOR MI
{ i I}

L
v

10

—t
20 30 40

LAD Index at Pre-Atrial Contraction (mm ./m?)

(L21)

Fig. 9. Relationship between day to day changes of AFF by Ao echo and those of LAD
index at the beginning of atrial contraction in 18 patients with acute myocardial infarc-

tion.
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v, Hic old MI BTEHTH-T2Z L LY,
FIE TRLDEMEN DT ARG Th 5 Z & H3RE
Ehie. Jpp AP BEIIERIERFOEHE TH 5 15,
21 i 8 g, BMEPBERE £BH TR Y, i
FEREL LTOFRSHENIATEELH 5.

ERIESEERAYIFRE (LVEDV) 2
MEBZKRELERTHHZ L T HIR L &5,
AFF t LVEDP } oB{RiconTHLE|ERD
52, FBFFEOFRERD O X ERBR I PR R
L, LVEDP L&z AFF 23Kk 32\ 255
L7c. LaL AFF 8IEERBE X 0 b/ BHEHT,
LVEDP LEFIRA BRIz LIZBEKSBZ LT
»o7lz. HCM # < AFF n#EkizH L LVEDP
DEABLVERTH-T2Z L1Z, EEHEED
REFREETHRIEIHRALE XD, HER
B LB oz, 1961 4 Braunwald & %
EE® Starling’s law 2 oW THE L7232, &
Bl LERMERGR O EBER L AFF L ol
(r=0.585, p<0.001) »5xTY, AFF ko
—@EF L LTEE®D Starling’s effect 0ffE5 1T
Bahi.

Acute MI # <1, AFF by Ao echo 3% 2
JH DI T 52483% LIEFEH D 30£7.5% i
HUTHERIERLTRY, EENMEIERIE
MBI EELRBERLTWB LELDRL
T XY, BETRLEMBOFHEALETHS.
Nieminen &3, [E{H L 720 GEEES] CRFE
#%E 398 B ICHEER O /FTINAE R & CERIHERE
BRLEESH, ZoBREELLBELY, i
BHIa LS54T RROWTR—FEEEML 20
BRERIET LIc Lk oBERH 2259, SEIORK
fTi, AFF offic 3@ B EBic—& O iRz
Aol hofe. ZHIFIEEDKD, nitropru-
side, nitroglycerine, dopamine, digitalis, Ca-
antagonist, diuretics, low molecular weight
dextran 74 EfEx OEYEFERA L cicd, 20E
&) AFF offxEALIzLdBExbh, 4
%, ®iAfR, HBAR kOO IREEOELIcH
L, AFF L 0x 3BT 30 emm5HEN

b55.

DFEESMEH 0¥ EK® AFF by Ao echo
& PADEP X OV UEIRMERLAR: © EFEE S,
B DR RER TORE LR EBI 2R LI Z
L X v, AFF by Ao echo 2%, [ MtEZEad]
DEZNRGEOEBNIBL L BRT 58 0%
ofHERIEEL 2 VBB Z L ETRLE.

B #

EZLTa—Rx yRwiz atrial filling frac-
tion (AFF by LV echo) i3{EfMEnE Wb D &
FBEATEWY, EZRIIERE 2R TERICE
WTid, Zokikick s AFF gHiiaREgER = &
DLV, SEERA ZEERFINGERE OFECH
&7 < AFF #% non-invasive {2413 B8 T, K
BRI = — e v gL AFF oigi
(AFF by Ao echo) ####2 L, Z0EKRMNESE
OWTHRETL 7. EH® 4 21 4, & ML /E i
(HHD) 10 4, REXBLLERE (HCM) 9 4, Bk
E (AP) 21 4], BRIBMECEHEEZE (old MI) 39
B, 2HELFHEE (acute MI) 18 floF 118 4
#xtg e L, AFF by Ao echo ¢ AFF by LV
echo, ZEZEFRHME R X WLEIHERIAR 0EER
& DFEFEBMR 2R, SHEOHEER Tk -z ofk
Ak bREtL, UTomReE k. kiZL

AFF by Ao echo=

DB IHERE O K BIR % BEIRIE X
Z OB TOERR

KENRZEE R KRR X EHEE
AFF by LV echo=
Ei%%*%ﬁﬁ—b%ﬂ%ﬁﬁﬁﬁé‘ﬁ@

EAM .
ERYBRRHAH — EEIER A x100(%)

Ll

1) AFF by LV echo & AFF by Ao echo
BAEE ML (r=0.878, p<0.001). AFF
by Ao echo i3 AFF by LV echo kv # 13%
RELHEHs .

2) AFF by Ao echo ZIEH#E (30£7.5%) ic
L, HHD (41+9.3%), HCM (42+6.2%),

X 100(%)
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AP (42+6.4%), old MI (49+8.7%) n4&HEHE
BHTRAZCHEMLTWE. ic old MI #T
EHAEMAL LRI L LY, FETEROEM
BIOTFHBREITH 3 Z LIRS T,

3) EXBEBIULHEBHICBENT, AFF by
Ao echo ¢ LVEDP L i3l bicEE R HE
Bif% &= (r=0.834, p<0.005).

4) EFEBRBIUCEEBHCBENT, LEIE
Btk DEFER & AFF by Ao echo L i3FEIC
#HE L~ (r=0585 p<0.001). ZhixEE O
Starling’s effect itk 3 bDLE X bIT.

5) DEEEEMH o AFF by Ao echo &
PAEDP &k O\LENKERILAES 0LEER & OFfR
DEAELD, EROFRBEICHT B LRAKD
EE R L.

PIEX v, AFF by Ao echo i3E» AFF %
KL, EEFREOZE,rSMELERELRD
%, UFEEENN o E=IERHBIE ORRIE
fLoBERICLERTH S Lk L7z
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