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Summary

To assess left ventricular (LV) diastolic function in patients with LV dysfunction, LV pressures
(manometer tip) and biplane angiograms were analyzed for 27 patients with LV systolic dysfunction
(EF<£0.45) (dilated cardiomyopathy or coronary artery disease) and 18 normal controls. LV volumes
were obtained from frame-by-frame analyses of angiograms. LV relaxation was assessed by the time
constant (T) of LV pressure decay. LV relaxation was impaired in patients with LV dysfunction,
however, early diastolic filling assessed by the peak filling rate (PFR) and mean filling rate (MFR)
during the rapid filling phase was maintained. Compared to the control group, early diastolic filling
was significantly decreased in patients with LV dysfunction without mitral regurgitation (MR), but not
in those with LV dysfunction with MR.

In conclusion, although diastolic filling may be modified by MR, LV relaxation and early diastolic
filling are essentially impaired in patients with LV dysfunction.
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MBI EFEFRBECTEZRHE 45% LLTOE
FINHE#ETRL2H (LVD) Thb3. ZOoNRIE
ERRERBUHEREN RO "BHOFS,
L, DBy TF—FIREE1TR - 2 iEER
OHE (DCM) 14 & & @itk gESR (ICM) 13
BOFH2TETH ol EREEEY TOBIEHRY
7 (MR) ofBEICE D 2#ic4iFz. LVD o)
RixB 234, &isk, Finx 15~71 5 (74 54
) Chol. HBLELTIE, FELTlEE2E
FELUTERBE LY, =A=) ¥4 v AKEED
HERES, EEEE TRE 2RO b o @E
Bl1844 L L. NERIT B 124, K64, FEh
27~60% (F 45 %) Thol. BEERfTR-T
WIEERNE 72K L b LiERET L V Ik Lz, &
#:1X Seldinger EIC & Y B F— F AR BIR» B A
LRICFEAL, ODAE, CHEHEZIER, KBk
E, EZEERERBLCERER #1Tho. EE
ERE G2 H 7~/ #—#— (Millar # PC-
484A) I THIE L7z, Em|EREE, LITor
T~/ A —CEZEETHL2EL, 76%
urographin 72\ L iopamiron 40~45ml % 5%)
12~15ml OBHETCEEN~EA LT L. &
Al U7z X 3@ i3 CGR #4 RS 772/125 Kw, im-
age intensifier (& Thomson #! TH 9428E, cine
camera (I Arritechno R35-90 ©&% Y, 4% 50
2 <D FE T AP (RAO) 30°, £ B #hr
(LAO) 60° o=—F % RIERE L. Bigshiz
film 3 Motion Analyser Vanguard $¢ Model
XR-35 i #8 L, digitizer pen % vy, 20 msec
NEFT7 v — L BILEZENE, BEERHOLHOI
e hr—2L, BEELE (Fzxav .70V
A7 FETFTA¥— v 27 4H 1) T T area
length gric XA ERAFELEH LY. Eohi
EZRBOERFHT S I mE2=REL & & TEK
ks Z Lick v, smoothing L, AR
BIUOERFHEER R (Fig. 1). DIk

D, INAEHERE & L CoEERK dP/dt, Z=EH
R (EF) &k,

EEZRFMRIFEOIIRGE, EBEEXVESEK
A dP/dt LS AMIEHER T ORES (T) &Y
WG L7, mesk (T) 13, Z&=Ruh dP/dt XY
EZIHREAHYE (LVEDP) » 5mmHg E% <o
EEE#% 6.67msec BICFHBIL, L TFD2xK i
fit S¥THERK (Tw, Tb) #kw . (a) &
Weiss o F5#:? (Tw) <, (b) {t asymptote # &
& L7- best fit 33 (Tb) ¢tdh 5.

(a) P (t)=aed

(b) P(t)=cett+f

P: f£=F (mmHg), t: %R (msec), a,b,c,
d, f: &, ek Tw=-1/b, Tb=—-1/d

EZERABEOMATICE, FEYE 3 B4
A L7c. T70b 5, 2T (rapid filling :
RF), @7 (slow filling : SF), L EFHH
(atrial filling: AF) ©%3%. RF & SF oRoKX
SEAHEMREL VIREL, AF REZED a fikik
REVEZREPRARL 25 ERERPFHELTT
£TELE. ThE), —ELEHEICED 2K
FHOBMARHEOEI G 2RO, ERHEHO
WEERREDIEE TH 2 RF 0B KFFEHEE (peak
filling rate: PFR) # E=AF L VkD 3 &
Ebic, WHERHORARL Y PFR % T o iR
(time to peak filling rate: TPFR) % 4,5k 7z
(Fig. 1). PFR @lsAMH, BHECHEr <
50T, JHERYPAHE (EDV) L—ELHH
# (SV) TR L TE#HIL L7 PFR (normalized
PFR: PFR/EDV, PFR/SV) {&H{L7. LVD
L LEEp+ 2 MiEsdism (MR) BE=HE
BICEDLS L BEEXPERRE Y, £
EiER L Sellers 538Y 1I° DL EFEAET 2 b0 %
MR (+) # (1041)), I° R LFELEZVWSD %
MR (-) # (174)) & LT L. shEERR
REHARMENELEE LEBOEREIKETS
PE,PERMTERD, BLHTF—F A,
b5 W EEE L RFFIC GRS L 7 BhARELAE
(PCWP) nEL EEB/NED EE Lo TE
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Fig. 1. Representative of left ventricular (LV) volume and instantaneous filling rate of
change in volume in patients with dilated cardiomyopathy (DCM) with and without
mitral regurgitation (MR), and a normal subject.
Table 1. Hemodynamic data in normal subjects and patients with left ventricular dys-
function (LVD)
Peak (+) Peak (—) CI
(n) LVSP LVEDP dP/dt dP/dt LVEDV LVESV EF (IJmin/ HR
(mmHg) (mmHg) (mmHg/ (mmHg/ (ml) (ml) m?) (bpm)
sec) sec)
Normal (18) 119 8.6—|- 1,378— —1,657—1—— 134—|- 42|— 0. 9|— 3.7 72
+20 12.6** +197 i221***‘ -_0-25*** ilo**’.= +0. 4*** +0.9 l +10
LVD a7 126 13.0- | 1,238 | —1,131 0 1 205 11 196 | 0.35 3.0 7
MR (—) +27 5.0 T 377 %% 248 *T* 54 *** 148 *T* 10.06 N 0.6 +10
LVD (10) 110 19.0 1,019 —996 ‘ 301 , 140 0.33 3.4 76
MR (+) +16 +12.0—— +258- +202—— +89— +67—— +£0.09—— +1.1 +13

All values are presented as means+standard deviations.
LVSP=left ventricular systolic pressure; LVEDP =left ventricular end-diastolic pressure; LVEDV =left ven-

tricular end-diastolic volume; LVESV=left ventricular end-systolic volume;

cardiac index; HR=heart rate.

* p<0.05, ** p<0.01,

*¥* p<0.001.
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PLED X Sic LTRD e 45 I 4 XTI +
BYEZE TR D Lic. KHMOIEEOZEORIEIC
% unpaired t-test # vy, p<0.05 % - TH
BEElLi.

& e

I EEHERLBOMTHE (Table 1)

L. E=E, REBLURIKLE

LVD L) & o, Fkb, Dk &=
SEPHEHIE, OHERE TR RE 2R AL -
7z. LVEDP @i <V 9mmHg < 5%
olckt L, LVD @33y 16 mmHg L4551
ERA LT, ERIERECTIE TS 5 EElk
K dP/dt, ZEmBRHSR X 6T 2h Eh Ty
1,378 mmHg/sec, 0.69 TH 2 o izkf L, LVD %
S 1,156 mmHg/sec, 0.38 L5 ICET LT
1z,

2. FEmRS TR

fes i) dP/dt il ) T4 — 1,657 mmHg/
sec, LVD <35 —1,072 mmHg/sec & LVD
HTHEICET L TnwWe. S5MRITERT o
EH Tw B30 Tbh x4 TEH 37 Bk
W 54msec (zxfL T, LVD TEHMBLIO
30msec TH Y, WTFRLHEEICIEE L T,
PEopitRiznin b LVD Ecofs=o %5
BRiEZ RTboLEX L.

3. FEEFERI O KW O B e

— [ R X A R O Tk AR OB
45 &, RF i3 LVD w3 56+17% T,
R D 64+£7% Ik LA EICD e o7, SF,
AF o#|f13 LVD ©tzhZh 13+5%, 28+
15%, fwfpi< 10+£5%, 25+5% Ty, LVD
TR 725 A % 72 D3 E Tl e - 72 (Fig. 2).

4. BOHTRH O 72 S e K S i

ZlFEi o PFR 3 {ds @ oo 536152 ml/
sec 1zt LT, LVD & 375+195 ml/sec L4535
IZIETF L Tw/z. [FfEIC normalized PFR ©& %

100%
LVD

P<(. 05
0l

50

0

R F A F

Fig.2. Distribution of total volume of left ventri-
cular filling during rapid filling period (RF), slow
filling period (SF), and atrial filling period (AF)
in patients with left ventricular dysfunction
(LVD) (n=27) and normal subjects (N) (n=18).
There was a significant decrease in distribution of
ventricular volume during rapid filling period in pa-
tients with LVD compared with normal subjects.
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Fig.3. Correlation of peak filling rate (PFR) of
left ventricular volume and atrioventricular
pressure gradient estimated from the differ-
ence between mean pulmonary capillary wedge
pressure (PCWP) and minimum left ventricular
pressure (LVP).

There was a significant positive correlation between
them,

DCM=dilated cardiomyopathy; IHD =ischemic
heart disease.

PFR/EDV, PFR/SV il czhzh 4.0+
0.9sec™!, 5.8+1.2sec”!, LVD Twiz#h#h L5
+0.6sec™!, 43+1.5sec™! LW FRLEEITNE
»otz. —J5, TPFR 13 filtg < 160427 msec
ikt LT, LVD = 185+55msec & A& 23X
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Table 2. Left ventricular isovolumic relaxation and diastolic filling in normal subjects
and patients with left ventricular dysfunction (LVD) with and without mitral

regurgitation (MR)

@ T Tb Pb PFR TPFR  PFR/EDV  PFR/SV
(msec) (msec) (mmHg) (ml!/sec) (msec) (sec™) (sec™!)
Normal (18 I SSy —l 536 160 4.0 5.8
s, ) | =12 L[ x8 | s+ )| +27] +0.9, | +12 )
LVD MR (-) (17) 531 1271 ] _s3| 2961 202 | a3l 37l
+11 +38 +18 +£138 +£53 | +0.5 +1.3 |
* *
LVD MR (+) (10) 56 ) 136 _s8 494 158 1.7 50 |
17— a1 o+ g5 4ae—!  sol7—! 414
® MFR (RF) RF MFR (SF) SF MFR (AF) AF
(ml/sec) (%) (ml/sec) (%) (ml/sec) (%)
Normal (18) 242 65 64 7 TIE2ST 1045 237240 25+ 5
sokok * sok * *
LVD MR (=) (17) 150+ 64|—| s2415- 138477« 14x5-!  1994874xx 33114
*
LVD MR (+) (10) 274+132—  63+18 15453 1245 151675 23415

All values are presented as means=+standard deviations.

Tw & Tb=time constant of isovolumic pressure decay by Weiss method and best fit method, respectively;
PFR=peak filling rate ; SV =stroke volume;; TPFR=time to peak filling rate; MFR=mean filling rate; RF=

rapid filling; SF=slow filling; AF =atrial filling.
* p<0.05, ** p<0.01, *** p<0.001.

otz

2. LVD (2145 MR OLEEREHEICSEZ 58
& (Table 2)

LVEDV, LVEDP, £=BH®R, £k dP/
dt, Z==F/ dP/dt, BsEsk Tb, Tw oM
1TERE, “&i2seiz, LVEDV, LVEDP 3
MR (+)#T MR(-)BX ) FRCEML TS
T &, E=EEK dP/dt 2 MR (-) g crp) L
ENBNT LM, LVD BT h b ol
ETFL, MR(+)#: MR(-)BETRAEELES
B oz,

PFR 3&%H o g 536 mlfsec iz L <,
MR (—) B3 S 296 mljsec LA EIIEES &
2723, MR (+) BT 494 mifsec & g5
LEERESED A S - 7. PFR/EDV, PFR/
SV L E#fI, fEp< 4.0sec™), 5.8sec™! Th

27, ThZh¥EY, MR(-)# ik 1.5sec™!,
3.7sec! LERICIKIEL LBkt L, MR(+)
B T13aT#E » PFR/EDV i3 1.7 msec™! L{&fE %
FT bonigE o PFR/SV i3 5.0 sec! L g
LHEERERYRD > o, TPFR 38| 0E
¥ 160 msec iz%} L MR (=) 2Ci33EH 202 msec
LEBERER#FLEMN, MR(+) BT
158 msec LHFELBED -7, %7, MR
(+)#, MR(-)#THiEEL TS, LUEo PFR,
PFR/EDV, PFR/SV, TPFR i3, wFh bHE
RELZRDI.

PCWP & Ex=F/NEDEL, PFR o icix
r=0.73 (p<0.01) DFEAREMEEED, L F
DEEMERE; EZIGRRYRMEIE L e
3HEFTHB Z LIsrahi- (Fig. 3).
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EZBIERE 2 R TER O EITRBEY £
ELEE» b BEMICRE L SEIORETIE,
LRUMBHER T OBERIER SELHHO
g cdH5 PFR 3&TF, TPFR RERL, &&
B EER X CEEAHEIHALMCEESh TN
Bz EMpR&hi. L, MR 3%F&FEL, g
PRELAE 2318 % 77 1 Tz ST o PFR,
TPFR ZEHELTZ LWIFTRLED BT,

BAEET, ¥ LTHEBMMFREICLY, £
IR EF O EZIFRBIEIC OV TiRx 2RED
EEIh T3S0, Lrl, SEOHRED LS
KEEE, ALROELZIZERBICHEL, £F
KHE S HREEEE TRk, £EME, THE
BB 2 2FRICHRET L2 E T .

EESRMEHERT ORBERIAEERE 28K
B LES b T~/ A —F—TOHFHEFIRE
ThY, BEFAIICEITSEREEREOIZIEIC
DNTDE L FE o BEIF D ARNSILID, Gross-
man 5 3EERE < DCM nE=FEf/ dP/dt %
L, EFRFICHELENLTWS Z LeHE
L=V, zn4g, Hirota!?, Carroll 583 DCM
Fl CEEFER/ dP/dt DBERDIEHMIZ, ARHKTE
MERHED 2w E SNAERTORER bIER
LTWB T EEWMELTVWS. BaxDOETLE
Mkt gEE, DCM 289 EFRTH SN, EE
JEE/ dP/dt o, BEROERLRD, £E
LR RE DEEN TR S hie.

Dz rrf=y C 260NV T AL
A+ (Ca) ofeltick vAT 22, L Ca
355/ Mafk (SR) X WEeYiAkh, cytosol Ca
METFT 3 %. Gwathmey 5L A2REH DCM
#l DL TR Ca ORAEESET LT
5ZLERL, RELOLFHA Ca BiE0RE 2
EHLTWAY, Zo Ca o BREIZONTO
S BRI S TnARnA, SR o Ca Bib
ABPMETFLTWAAEEML 5. R&D TR,
B =45tk o down regulation!® 7 F= Ly 7

FS—¥YOEEHKTY 2 L2k, cyclic AMP o
PEADNET LCIERREAE LTINS T LIRS
RT3, — 5Tk cyclic AMP o, SR
RT3 Ca B VAR SLEL Ca-ATPase JE#E
PRERMICETE®E2 2 L0k Y, AHEIHE
L LIEZRRLOLH ST EESE Ty
3—HEEZLRTE.
ERERMRIC 5| & K < 2FEREH O PFR,
TPFR i3A&#f7Eiz 3T MR o 7w LVD f T
BEoMicBEERRLEY, MR OFEICIYZH
LDOWEREYR LFAish. LWERHOEER
WEEREETHY, Bx RTAEELTWS
LEZLRATNER, L LTEAMBHERT
DRELY, ERLEEOERE®, EEH
R DWB[F7 (suction)!®, LfF=2 7547 RiC
FoThEBEENB I ENBES AL TWS. KIFFE
o LVD ik B oREEET L, BFEER
23 MR o2 Tit MR obsH X VETFL
TEY, TALOERTFRVWThLRBEELIET
KRB FHEA~NNmEELZONRSE. £z, DEOD
WBIHRZ OIHERMARIKEL, Tha/NT
HRITEB|H KT 3. LVD ] T3S
KHAEIERLTWEOT, BE[HIETFLT
w3 eEZbh, ThLRBEEZRDESES—
HTHs5. ZhicktL, MR #3®»/iz LVD #
TRIERHOFMIEE 2 R TIRIREER L 213
Bohholk. BEERERZHETI2EEEN L
A% 45 RHHBMNRHE MR Tha. fERE
Y, MR CRILERHOEZERBITTETDZ L
BHPEIh T WD 232020, KEMICGIEREHOE
ERFBEENMEF LTS LVD ity MR o
BEECX VRBEEMEESh, EEFILEDD
RNETIEEMLEZLD LHEESRZ. ALz -
Ky 7F5—3 3 Lo L35I EMHFHEICE -
T, MR 2k v DCM oEZEFKBEEIHEIEMH &
N3 EnIBET N Ohd B R0 EEIC
EERBLZ A LBe OffEIE, Thbo®E
PEETELOENRS. AbiZ, ERMICES
[EE L AR EE OBRE R LIcSEOR
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ENIERY MBI RICREN B 525
LETRRT AR EEZAONS.

BIE, R RL 7o 945 574—, A
2« Fo 75—l OIBMAHEC X 588
FRiEHBE L OLEREYOLEEFRHEEL Y, I
RESRERFHMEL X 5 L33 HER DS . ABFED
AR, UEoXd A bEc k38 wT
MR o fenfil Tk EEFLEREO FR 2 gL 7
VES AR H B 2, MR 2 &85 5 6 cizik
ERHloRFHEE X, T LTEEENERICX
DT 3 HFR~B &, IR FMET S LTt
SBEERLETHL I LETTINDEEZDN
3.

¥

EEBETSH TiX, EE0MER X CIER
HFEWHIASMIET LT WS D, EIEHFHEc
LV EMiShD DT, IEREMFAREFHES 5 L
THETRETHS.

=

B #

FIEFICEONZ EEELAHEOMBRLY, EX
INHEHSREIR Tl O tiR 3 X O FEHBIEIC >\ T3
Wik L.

W TFHRE~) A—F— L HMEREY & R
W4T L7c BB 45% LLTF 0FLaRBLL M AE 14
B, BitEOES B3 HOFH274L, av br—
nELTomEE (N) 18F 2045k e L. —=F
MEZEEE % 20msec FiIZ L —2 L TEER
B 21ER L, IERHIZ RO ARE LT
WAEE (MFR), 2UEFHHIO & K ¥ A & E
(PFR), IxfE£#L » PFR % copgfg (TPFR)
EROI. EEMBEEIESEAMEPERT O
BrEE (T) XvERffiL7z. T ix Weiss o F:
(Tw) 33X best fit 3 (Tb) L v BEHLAL. £
EIVEHEREAR 28 27 6l & BiEARTHOFE T,
MR (+)# L MR (-)RED 2 B4 TS LTz,

ESSERSA MR, HIREE

1 EZBNEHRERLM CREFEE T LE
HUIEE L (FH 545 37 msec, p<0.001), Fhks
Kt I8 T 3 % PR R BB ER O
LKV IEFELLE.

2. L Lehn, MEEREROFEL 2
TRIGREHIFHBIERICIET Lic (B 150%t
242 mlfsec, p<0.001).

ERIGEERERSH T, EEoiEs XU
FERHIFHEIHLMETLTWS 2, EiEHRY
Wick VEfMish 5 0T, ILERMFAR & Hh7
LT, BETRETHS.
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