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Summary

We evaluated relationships between pulsed Doppler echocardiographic (PDE) parameters of
flow velocity profiles across the mitral orifice and left ventriculographic (LVG) parameters of left
ventricular volume changes. Subjects consisted of 19 patients with coronary artery disease and 12
patients with chest pain syndrome. Peak flow velocities at the rapid filling (E) and atrial contraction
(A) were measured by PDE. Time constant of left ventricular relaxation (T), left ventricular
minimum pressure (LVPmin), LV end-diastolic pressure (LVEDP) and pulmonary capillary wedge V
wave pressure (PCW-V) were measured during cardiac catheterization. From the analysis of LVG,
the rapid filling fraction (RFF), and the atrial filling fraction (AFF) were obtained. The left ventricular
chamber stiffness (K) was identified by the analysis of the pressure-volume relationship of the left
ventricle. We investigated the relationship between A/E and AFF/RFF by univariate linear regres-
sion analysis. We then performed stepwise multivariate linear regression analysis to predict E, A,
A/E, RFF, AFF and AFF/RFF by the variables of left ventricular filling, i.e., T, LVPmin, LVEDP,
PCW-V, K, heart rate (at the examination of PDE or LVG), mean arterial blood pressure (at PDE or
LVG) and age. The A/E correlated significantly with AFF/RFF (r=0.50, p<0.01). The results of the
multivariate linear regression analyses were as follows :
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E Rz; T 139,, PCW-V 129, R=0.50
A R?; age 219, R=0.46
AJE R?; age 149,, PCW-V 7%, T 109, R=0.56
RFF R?; heart rate 199, T 129, K 119, R=0.65
AFF Rz; T 159, heart rate 129, K 159, R=0.61
AFF/RFF R2; heart rate 169, T 149,, K 149, R=0.66

(R2: 9, explained variance, R: correlation coefficient)

The correlation of A/E and AFF/RFF were explained by some variables, except the variable T.
The results of uni- and multivariate linear regression analyses showed that factors affecting the flow
velocity profile across the mitral orifice did not account for the left ventricular volume changes. We
also observed that, even in subjects with coronary heart disease, aging is a main factor that influences

peak flow velocity at atrial contraction (A).
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Fig. 1. Flow velocity profile across the mitral orifice obtained by pulsed Doppler echo-
cardiography.

Peak flow velocity at the rapid filling (E) and peak flow velocity at the atrial contraction (A) were
measured.
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Fig. 2. Left ventricular filling curve obtained by frame by frame volume analysis of left
ventriculography.

Blood volumes at the rapid filling (RFV) and atrial filling (AFV), and stroke volume (SV) were
measured. From these volumes, atrial filling fraction (AFF) and rapid filling fraction (RFF) were cal-

culated. AFF=AFV/SV; RFF=RFV/SV.

ERESGIFE% frame 43I area-length #
<fghr LT filling curve %H4%, rapid filling
volume, atrial filling volume, stroke volume %
£+l L, atrial filling fraction (AFF), rapid filling
fraction (RFF), AFF/RFF % :#& L7 (Fig. 2).
X5z, WEMEREBEGE,D, Gaasch 570
FHHETERE D chamber stiffness (K) ko iz.
¥, Fy 77 —REROOER L EREIRE

WIE (EEBc~ry = METERKR, B/NNLE
RRE L, ByMUERIRED 1/3 #mxic) &, »
F—F VBREROLIEE L L KEIREEZ Z2h €
hizskod iz,

Ky 77— X 3 EERAMFEHEE R X D
BInNS A—2—, BIXUOEEREEOHET»HE
TR AERAMECE T 537 A — & — B,
BUMAGITR B I E 7 — # SERIESIRE, LA
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Fig. 3. Result of univariate linear regression analysis between A/E and AFF/RFF.
The A/E correlated significantly with the AFF/RFF.

¥, WHME, FHL ok d RERES N E
R 57, RO X I RFFFHIRTTEIT R -
7.

1. A/E ¢ AFF/RFF oXiHEAERORE

2. E, A, AJE % ®#%%; PCW-V, T,
LVPmin, LVEDP, K, #H¥(Fy 75 —RBRE
B, 5 ERGEARILE, 2 RAEERET 2%
BoEREE H WicERIR O

3. RFF, AFF, AFF/RFF #% & %# & ¥;
PCW-V, T, LVPmin, LVEDP, K, .[»#1%k (0>
B 7 RER), FHREIRE, 4% HAEK L+
BEFEREE A WicERFEMT (BB F E2 %
} o THEERE TNV ~DORIRFIBROELE L Lic).

] R

1. A/E & AFF/RFF OOBi{%

A/E & AFF/RFF (zi34E81%% r=0.50, p<
001 DAEZEAREMEMRE D bh, EFEX Y=
0.56X—0.46 (X: A/E, Y: AFF/RFF) & h
. L L, EREH»OREL EF~FTHBIE
BIR2HHY, ZhdiZvTh bR Ey)
< b -1 (Fig. 3).

2. E, A, AE ORERFORITHER

Table 1 3@ ARSI R ARMGEEE E 2 T &

Table 1. Regression analysis of E

Regression value

Cumu-
lative Increase
multiple in R2  SRC F
RZ
T 0.13 0.13 —0.47 4.46*
PCW-V 0.25 0.12 0.36 4.32%

Multiple R=0.50; overall F=4.64 (2, 28)*.

* p<0.05.

R =regression coefficient; SRC =standardized re-
gression coefficient; T =left ventricular relaxation
time constant; PCW-V =pulmonary capillary wedge
V wave pressure.

PCW-V TEER &S =T & 27T EHEBRK
iz R=0.50 ¢% v, E opptgho 13% 23 T ©H
B &h, 129% 7 PCW-V T3 shi. 7,
EHRFEEIRRE SRC 05Xy T XT3
L E BB AhY, PCW-V »#Ein+3 & E A8
WL RBZEBHND.

Table 2 (3.0 FEIERI B R MBTERE A 2 4EHR
DATEIFES I Z L 27T FROFEFRI
21% Th-ot-. AE 13EH, PCW-V, T 2k
» R=0.56 TEREFEEHh, ThEhOHHALTE
DEERN 14%, 7%, 10% T -7- (Table 3).
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Table 2. Regression analysis of A
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Table 5. Regression analysis of AFF

Regression value

Cumu-

lative Increase

multiple in R2 SRC F
R2

Regression value

Cumu-
lative Increase
multiple in R? SRC F
RZ

Age 0.21 0.21 0.46 7.89%*

Multiple R=0.46; overall F=7.89 (1, 29).**
** p<0.01.
Abbreviations : see Table 1.

Table 3. Regression analysis of A/E

Regression value

Cumu-

lative  Increase

multiple in R? SRC F
R?

Age 0.14 0.14 0.28 4.77*
PCW-V 0.21 0.07 —0.37 2.59
T 0.31 0.10 0.35 3.91

Multiple R=0.56; overall F=4.11 (3, 27)*
* p<0.05.
Abbreviations : see Table 1.

Table 4. Regression analysis of RFF

Regression value

Cumu-

lative  Increase

multiple in R? SRC F
RZ

HR 0.19 0.19 —0.46 6.81*
T 0.31 0.12 —0.53 4.66*
K 0.42 0.11 —-0.39 5.52*

Multiple R=0.65; overall F=6.61 (3, 27).**

* p<0.05, ** p<0.01.

HR =heart rate; K=Ileft ventricular chamber stif-
ness.

Other abbreviations: see Table 1.

3. RFF, AFF, AFF/RFF QORTERFORBITIZR
Table 4 3ZE=EEH» kD= RFF 08
¥ T, K icx-7T R=0.65 CERFEESh, %
hZhoFERMN 19%, 12%, 11% Thboiz
L&Y, SRC o BEVWTFHILEATHY, =

T 0.15 0.15 0.55 5.15%
HR 0.27 0.12 0.37 4.41%
K 0.37 0.15 0.37 4.51*

Multiple R=0.61; overall F=5.32 (3, 27)**
* p<0.05; ** p<0.01.
Abbreviations : see Tables 1 & 4.

Table 6. Regression analysis of AFF/RFF

Regression value

Cur_nu-
lative Increase SRC

multiple  in R2 F
R®
HR 0.16 0.16 0.43 5.46%
T 0.30 0.14 0.58 5.88*
K 0.44 0.14 0.42 6.36*

Multiple R=0.66; overall F=6.99 (3, 27)**
* p<0.05; ** p<0.01.
Abbreviations : see Tables 1 & 4.

NoDOHALFE DO WTFhoEAHEML T RFF
BT B LASnG.

Table 5 ;3 AFF » T, D%, K ick o<
R=0.61 TEEREh, ThEhoBFERHM
15%, 12%, 15% Th o=z L %#57+. SRC o
BEIVWTHRIETHY, ThHOBRALTEOW
FTho@ErsEml < b AFF 33#im+ 5 = & 34
"B,

AFF/RFF 04 T, K ick - R=0.66
TEERFIh. ZhZROFHERDOHFERIT
16%, 14%, 14% <& Y, SRC o2z WFh
HIETH -7z (Table 6).

Fig. 4 13 E, A, AJE izt 3 3R 0 &L
L& 77 7kLicbnThY, Fig. 5 i3 RFF,
AFF, AFF/RFF et 2 iR O HER % 7
F7{ELizbDTHS.
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Fig. 4. Results of multivariate linear regres-
sion analyses predicting RFF, AFF, E and A us-
ing multiple hemodynamic factors and age.

Variables selected were different between RFF and
E except for variable T, and those were quite different
between AFF and A.
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Fig. 5. Results of multivariate linear regres-
sion analyses predicting AFF/RFF and A/E using
multiple hemodynamic factors and age.

Variables selected were different between AFF/
RFF and A/E except for variable T.
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HEEBCTREER S Az LERbT. R (FER)I,
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in R? gzhZzho FHERO F5R+EKbT. SRC
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LHL, BFEDOTELL, "VR - Ky 75—k
I & BEEFHAMPFEEE B ORER T L EERE
Mk s ERIRMAHEE Lo R ER T 2B
L, EEVRSIHE:E AW CHEBHRE LB R
Wi bR, ERAFERZ, SNVR - Ry FT—
HBIC X 20BN R RLIEEE A oRERT
LLCHEBPEETHEZ LWL, IC L.

BRABEBDENC X ZHBERAT 5 20,
Rt DR B & O HRERR IR 2 RE L T
AL *fTRolc. ~VR . Ry 7T —Hick3
EEBALFEERE» BRI AT A —F—
AE b, EEEEEC X 3 EXLEHAMEL
Z@+ %25 #—%— AFF/RFF i3, r=0.50 ©
BEATMEBEE R LY, ZoMEBFREKEE< I
otz Zhix, Fig. 3 THOMR XS IC, H
RiE» bE LR 2EFR DY, Thdi
FEHBEEECh o2, T0k D REFMIZBW
<%, AJE ¢ AFF/RFF o#E g b o LR
bl ZORRLY, ERFAMTEEEKED
R 2— 2 —ORERTF &, ERIEHFHEL
BT 355 2 — 7 —OHRERTFITHENH 5D
TRV hLEXZ, ThERDOATA—F—0DF
ERFICOWTERRMIICE 2 FEZITR -
7z,

N R e Ry 75— X YR % 7o ML EE I
Wmbd, RLEEICEHTES T A—4— E,
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HEShTWsh, &6, ThLRERTOHE
EoglgiconT R L. $k, EEEEE
ik B EETEHFELED 4T A —%— RFF,
AFF, AFF/RFF ic2onWTb%, ZOBRERTFIZS
WCRED ST &7V, E, A, AJE oHERT
LB L.

BEBSMTORRETIX, S ARRKMGEE
EEi, T Xy PCW-V cERRBEhE. H
WL EABLERBEICBWT, E PERSE
IESERER T LREWEHEBBRICH S Z
Le@t L, E ofiEET L L TEEMEEMEDS
BECTHBLLTWS. —F, E oflEETFLL
T, EEMEEEOLL LT, EERAEVEE
ThBETHIHELE LRGN B, E R
T X PCW-V TEREIFEShZEEF, Zh
LOREZESITIBRLEELD. LENENR
KIMFEEE A ZEHORCE > THFESH, A
BEELCESEIBERF O EEX DN .
Spirito 519 [ 3EEF LR L LEFEICBNT,
A ODHERFLLUMBOEERZBTNS
%7z, Yellin 5193, LEIENRKAMITEE A
%, EaDLRBICLZBELZITEH ST A —
F—ThBrELTWA. i, Bl xE T
KIZBVWT D, A OBERTF L LTIEAEET
HBZEERLI,

A/E x4, PCW-V, T izk v R=0.56 ¢T&
BEEEh, “hbofHT AE ofgo 31%
BB SR BELIBWT AE 235, &
LhicrnEIEMTAZERBAabh TW
% 15,17,18) *ﬁ%ﬂi’]’% k-;-éﬁm,lﬁat\%lag) 5
b, BIZOBEERICBWT AJE BEEHLDY
BEx LB ENBESATHWEY. SEOKRE
Tk, A/E o@BHALTHEL LT, BELETTE
{, BILO>E2E LRIV LERIFEREh
7. ZThid, A 2 +3b0TharLEZLR
j. &bt AE ogERTF LT T B
PCW-V L 2iR&anx=d, #hiz E 24431
NDTH5BLBEbhi. iz, AWFFE iz LVEDP,
FHMEE: A/E oBRERTFE LTRSS AR

FEEFHA MFHE T OBER T

572723, A/E 5 LVEDP, IxE#iME DS %
FECZIB LT2HELROA Y. L
L, WFh b cmiTegsElkseT, AE
DEERIFETHY, AFFEOTEL, BE
DXZEFZR > TRV @ADL, FEEED
wEExRIc AIE L LVEDP offRaRafL
TW3A, FEAMHEZR»>E LTV 3.
Ettles 5203 Bl 0K B EFRIC LZRET,
A/E & LVEDP [c a8 EL TV 5.
DS AE 52388 THDN, BELT
FOEEAEMT 5 & AE L8N+ 5 L o@E
BHY, FICRIROEFEET, ZOREBIHENL
LTW3®, KifFiE, HEMEREExIRE L
7oiodd, DI AE kEBrExkdolkcd
nNDEEZXI.

EREFEIC L 3 ERIRNABRELOMBEYT b
bELNEAT A — % — ZETHEERBHITT
1z, RFF ok, T, K cEEFESh, AFF
bREORALEK CEREIR Shiz. AFF/RFF §
F—o 3EOEETERRSh, EHMBERER
R=0.66 & BRFREZRL, ZhoORBELEKT
AFF/RFF o4#0 44% M shiz. Thk
V, EEEROBITICE > THELI ST A4
— RFF, AFF, AFF/RFF 133 & L%, T,
K ciEgshst&Zxbhic.

Ky 77— & 5 25 ¥ A MLGEHEE F B
T35 A—F— L, EEERICE 5ESIES
REEICET 555 » — ¥ —OBERFII, K
L BioTw3. flxiE, A/JE ¢ AFF/RFF
FBOBERF L LT EZMB/FEOHEE T
RN, thoERFRIR2-THY, HLTFLLEA
LR RTWa0TirenwWeBbhs. ZoH
HizonTit, ROLEIIZEESHhS.

1. Fy 75 —kic X 3 A=A MIREE KT
L, EEEE I VRDIEED filling curve ©
BRI 25, LT L B EITW R WATEEHE 2 &
3. [EEFEmEmoBEE SRR EC TELT
5280, LELECBE 0D, FyvFT—
sample volume MHEEHIZBUL TEEND—E
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j(%;" *lﬁzky ﬁﬂ?.lfi, (3N

DALBIZRNI LR, ZhICEABERE—AA
FAEOEREDKED, Fyrs—ikicksk
EMAMPEE R L EEEE X VROIZEED
filling curve o RERIM BT O RICARE S EET
3LBEbhb. Rokey 523, Fha LRIEORS
T, JREH (RRER) < LEmEE O B 2 ®
xR, Fy 77— & 3885 A R Bk f i s

LWL = 2 — MR & 3 R inlEmiE s o 5
B L 2ER A peak filling rate L, £=EE
HED HRO I ZHEFTAR peak filling rated f o
TRMEET 2 (r=0387) LT3, &
AR B KM & EEERE» bR A
TEAH peak filling rate & DFEEE{REKIT r=0.64
T, HEDREFTRV.

2. EZ|EFITEWTE, 50 frames/sec Dt
BHPEWEE CRE SN BRI TS 29,
DR Ry 7T —thick 337 2 —F—iTxt L
TEY b, EXBRICLZEEREELDOAT 2
—Z IR LT X VRV ERE L 5 X I RREME 2 B
2,

3. AFF, RFF, AFF/RFF ##&EFL LT,
Z£Z= D chamber stiffness (K) opf 5 RMB S h
e, RIERIEZRITRHMEARRER»bRD S
5. @HETREZRZETEAL peak filling rate
DEEBORE SORELZT 0L, EX
SREFARR AR MFEHEE T Z ORBEZTRNWE
WEShTVW3, LB TEERBEE O
BREZEDO RESOREE ZIIOT W LHES
h, ToHERTFIC K B"RIRSh iR H
20iExL, Fy77—EEREEDOKREELD
BfRICZ Lnies, FhicBE+ 2@ 08 HR &
hiaholeonb L. LESHEERFHEE
DEHADN—LELX LN S.

FFEDORFRICIKRDOTLELDOBRE X B
5.

1. EmEEGHREOFEETIC, LHEERIC
BWIERLEME area-length 1 CMT+5 2 &
3 TORECHE DL EEXORS. L L,
BEPR LU BEESIcB W T O AKERELAVWDSH

TEY, HEZOE»SLIOFEEHAVWE. &
ﬁ:%@’ﬁﬁ_ﬁﬁﬁiﬁ%@@&@%ﬁgﬁ
7o TEBRBEELEFHE Licicw, EEBRE
HERL BRI (S IRAE D & BIEGIXBRS L. F 72, &
ElDxtspicit, area-length iz X 3 RO
BT CRIAEMEEDLN ALEFEFIISELTY
.

2. HEEURMTEITR OB, BBALEO—oL
LU CTHBIMA I BB RRI N Em e AL, #
RIEKREVEERR ORI I~ 2T bE
ERIRETERbN, hoHBALK (SEORK
ACRALCHALEEDSLN) CBEEHX O STH
BEEDHS. ZDRIZOVWTIESEE LIRS
EH¥s.

&

NRIWVA « Ky 7T —tEIC & 3 EETHAMTEE
BRPLEONBEANTA—F— L, EREFEIC
L BWEMESRABEND AT A — 7 —iF, —5
HBOHERFE b2, OoETFIRIER-TH
D, ThENEIRBEZBEL TV DR’ E
zZbhic. E£l, "XV R . FyFS5—kick a0
BIGEHRKLEEE A OBMERFLLT, &
M ELHRITBNTD, MBORBNEET
HBHT LBFRENT.

B

£ #

F v 77 —kiz & 2 EZEHA MGEE K<
TBERT A—F— L, EREREC X BIENLE
BAEMEICEAT 57 A — 7 — M, B
P EhENDHERTFICOWTHBRN L. B
Mtk OBRAE 19 6, MeysiEREE 12 4 o 45 31 45
ERHRIC, Sz - ForS—pkick b fiEH
S CIR X I EERAMLBEEELH» 5, EE&
HWRAR B K MBEEE E, L BUUHER B K L E
B A ZFHML, AE 2¥ELE. %/, O
AF—=FVREBEIZBWT, FBIREA V EE
(PCW-V), EZ=EIKE (LVPmin), ZELFERY
JE (LVEDP), Ex4&icriimigek T &
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kK, ERERIES % frame £ area-length
BC@EFT 5z L iz X v filling curve 2%,
rapid filling fraction (RFF), atrial filling fraction
(AFF), AFF/RFF %kwic. &b ICEEIRES
EAFEE{R A & chamber stiffness (K) #&7-. K
v 7°7 —RER LT (D), FHaE D), L
7 7R L4agk (C), FaMmpE (C) 2R IE L.

A/E & AFF/RFF oBAARIRIRO#RET

E, A, AJE ##&¥%#75%, PCW-V, T, LVPmin,
LVEDP, K, .-#%k (D), ¥5mE (D), Fifx
BALEK L 3 ERERST, X O RFF, AFF,
AFF/RFF % H#7%%%, PCW-V, T, LVPmin,
LVEDP, K, .»#% (C), ¥HME (C), Fihx
TRHALE L T2 ERRMT TR - 7.

A/E & AFF/RFF zi34ER4R% r=0.50 (p<
0.01) o FELEMBEIED bhie.

BERBSITOBREIKRDOTEL Tho 1.

E R2: PCW-V (12%), T (13%)
R=0.50

A R2: 4 (21%)
R=0.46

AJE R2: 4Ef5 (14%), PCW-V (7%), T

(10%) R=0.56
RFF R2: A%k (19%), T (12%), K
(11%) R=0.65
AFF R2: T (15%), L% (12%), K
(15%) R=0.61
AFF/RFF R2: %% (16%), T (14%), K
(14%) R=0.66
R: EMEFRE R?: SAEROFER
Fy7o—icks5x—%— AJE LE=
BRI 2 EEZREED T 2 — 45— AFF/
RFF 3AELREMELER LY, HERKES
Lot BEERSMFORKEIZBANT, AE
XV AFF/RFF ofERFIcEE TS L, £
iR EOEE T 23L@E L4528, HhoEF
BRRE-TEY, "Lz Fy7r5—icks.?
SA—F— LERESHEIC L 35 A —7—3,
ZREREIBFEZBEL TV BRAEESELXS

EZFRAMFEB Y ORERF

hiz. &5iz, "z« Ry 7?7 —HItX3.0E
IR HERI B R I S EE DIERTF & LT, MMl %
BLHRRICBOT OB ORBOEEMIRE S
hiz.
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