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Fig. 1 Correlation between T and PFR.
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T: Time constant, PFR: Peak Filling Rate, act: actual, /SV: corrected by stroke
volume, /[EDV: corrected by end diastolic volume, /IV: corrected by instantaneous

volume
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Lisiro7eh, —RHHHERMIE PFR Li35H0W4
OHM%E (Y=—0.05X}6.52, r=0.540, P<0.05),
A IE PFR (Y= —0.13X+9.86, r=0.703,
P<0.002), & OHLIRAHI B E PFR (Y=
—0.068X+5.49, r=0.740, P<0.002) i Hikiy
Rif 2 Ao FHBARMR % 7 L 7z (Fig. 1).

2) = hw— VB FERIEPFR (3 N &, AP
B, OMI BT hZh, 355472 mlsec, 273+ 105
ml/sec, 341+ 121 mijsec L Ep itz <, —[AFH B
i PFR 4 N g, AP #, OMI T2 Zh 5.194
0.56/sec, 4.24+0.52/sec, 4.1241.16/sec L FEN 75
n ol WERBIAMEIE PFR (3 N B, AP #,
OMI #T# h#h 3.4640.52/sec, 2.5840.77/sec,
2.124+0.64/sec TH Y, OMIFEiI NREX VKT
L7 (P<0.05). WERsAFMIE PFR § N i, AP
B, OMIEET 2 Zh 5.61+1.15/sec, 4.24+1.89/
sec, 3.20+1.33/sec ThH Y, OMIFEiEz NAEL Y
KFLAZ(P<005). T iz N &, AP #, OMI
HTrhFh 32.844.9 msec, 39.94+4.9 msec,
50.8 +6.8msec T bH, AP (P<0.05) X

OMI # (P<0.01) i3, #hZh NHIVIERL
7= (Fig. 2).

3) oz be—n, A-LA2BEERE
i 64L5/%y, 63+6/%, 62+5/H THY, TrY
A7y NAMCIWVARETH » 2. HLHER
HAMIIa Ly be—n, Al A2z h Fh
120429 ml, 145+43 ml, 160+41m/ & 7o T H*
7 vy INARHIC X b 8 (P<0.001), RS
BKifibar ba—, A-l, A2 Bsrh ZFh 47429
ml, 73434 ml, 8840 m/ X #4finL 7= (P<0.001),
—EHHE R = b e — 1, Al A2 TR ER
72421 ml, 73+25ml, 74423 ml L RETH - 1=
(Fig. 3).

4) 7oA Fry o NARMICTEAERS LY
—[EHHHERHIE PFR 3 ARE, BWEE X OIER
WIRBMIE PFR 38 L, T REE L7 (Table
1, Fig. 4).
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L
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Fig. 2 Peak filling rate and T for normal subjects, patients with angina pectoris and

patients with old myocardial infarction before Angiotensin II.
N: Normal, AP: Angina pectoris, OMI: Old myocardial infarction
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Fig. 3 Changes of heart rate, peak systolic pressure, end diastolic volume, end systolic
volume and stroke volume by Angiotensin II.
C: Control, A-1: first stage by Angiotensin II, A-2: second stage by Angiotensin 11
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L, BiRAFEMIE PFR (3 N B0 A-1 3L A2
K, OMI #o A-1 FpTav be—-ABEL VKT
L7z, ¥7o, TENEO A-1 8XWNA-2K, AP
B A-2 B, OMI B0 A-2B$Tay b u— LBy
X W EE L7z (P<0.05, Table 2, Fig. 5).

6) T DR LILEARL A E PFR ol
FHEBHELCHEL, av he—LBicHT 5T
P FF v v I AfiEo PFR o i PFR (ATD)/
PFR(C) & T otk T (A II)/A (C) iz A BB
¥R L7 (r=0.471, P<0.01, y=—0.473x+1.43,
Fig. 6, Fig. 7).
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Table 1 Peak filling rate and T for total patients before and during Angiotensin 11
PFR (act) PFR (/SV) PFR (/EDV) PFR (/1V) T
(m//sec) (/sec) (/sec) (/sec) (msec)
C 320426 4.504-0.88 2.714+0.83 4.3441.73 41.14+9.0
A-1 353436 4.87+1.44 2.45+0.93 3.62+1.67* 46.34-10.6**
A-2 350+24 4.8741.38 2.204-0.65** 3.0141.18** 50.4411.2**

PFR: Peak Filling Rate, act: actual, SV: Stroke Volume, EDV: End Diastolic Volume, IV: Instantaneous

Volume, T: Time Constant, C: Control, A-1: first stage by Angiotensin II, A-2: second stage by Angiotensin
II, *p<0.01 versus Control, **p<0.001 versus Control.

PFR (act) PFR (/SV) PFR (/EDV)
(ml/sec) (/sec) (/sec)
500 6F Ns 3t l—
NS -
400 4 + 2 F
300 F 2+ 1+
c A1 a2 c A1 Az 0 cC A1 A2
PFR (/1V) T
(/sec) (msec) j'i*
5t e * * P<0.01
* ** P<0.001
ar *x 401
2 30
0 C A1 A2 C A1 A2

Fig. 4 Changes of PFR and T by Angiotensin II. Abbreviation are the same as Fig. 3.
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Table 2 Peak filling rate and T for normal subjects, patients with angina pectoris and patients
with old myocardial infarction before and during Angiotensin 11

PFR (act)
(ml/sec)
N
C 355472
A-1 3714124
A-2 346461
AP
C 2734105
A-1 2954160
A-2 3404121
OMI
C 3414121
A-1 4074146
A-2 2904-85

PFR (/SV)

(/sec)

5.1940.56
5.71+1.40
5.064-1.35

4.244-0.52
4.204-1.28
4.864-0.44

4.1241.16
4.8241.49
4.7242.13

PFR (/EDYV) PFR (/1V)
(/sec) (/sec)

3.46+0.52 5.614+1.15
2.814+0.92 3.98+1.51*
2.614-0.60* 3.21+0.52*
2.58+0.77 4.2441.89
247+1.14 3.8942.16
2.4640.68 3.7241.58
2.1240.64 3.20+1.33
2.06+0.65 2.934-1.21*
1.664+0.21 2.12+0.43

N: Norrrr;al,wAP: Angina Pectoris, OMI: Old Myocardial Infarction.
Other abbreviation are the same as Table 1.

*p <0.05 versus Co

ntrol

32.8449
38.1+6.9*
41.5+7.4*

39.9+4.9
45.349.9
46.5+5.1*

50.8+6.8
55.74+7.1
61.8+9.8*

PFR (act) PFR (/SV) PFR (/EDV) PFR (/IV) T
(ml/sec) (/sec) (/sec) (/sec) (msec)
500 F NS NS
% 8 ar 8
6F * 6F
N 250%
4t 2t 4
2F 2F
0= araz 0= ATAZ 0=¢c araz 0
500
NS | NS NS NS
L I l . !l i "l
6 6r
AP 250'- 50t ¥
| 4 2t ar
\ 5 2t 25F
0 0 0 '
C A-1A2 C A-1A-2 C A-1A-2 C A-1A-2 C A1A2
500 -‘L
NS NS NS
8t at 8 75 .
6F 6
OMI 250 50
4 2F 4r %
2 2 57
ol L1 0 — 0 5
C A-1A-2 C A-1A-2 C A-1A-2 C A-1A-2 C A-1A-2
*P<0.05

Fig. 5 Changes of PFR and T for normal subjects, patients with angina pectoris and
patients with old myocardial infarction by Angiotensin II. Abbreviation are the
same as Fig. 1, Fig. 2 and Fig. 3.
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PFR(/EDV)

(/sec)

° .1 O Control

a A-)
4-
a A-2

3+

(msec)

Fig. 6 Correlation between T and PFR before and
during Angiotensin 1I. Abbreviation are the
same as Fig. 3.

PFR(A Il) / PFR(C)
1.5¢

1.0

0.5 | v =-0-473x + 1.43 c e
r = 0.471
P <0.01

T(A W) / T(C)
0 05 10 15 20

Fig. 7 Correlation between change of T and change
of PFR by Angiotensin I1.
PFR(C): Peak filling rate before Angiotensin II.
PFR (A II): Peak filling rate during
Angiotensin 11.
T (C): Time constant before Angiotensin II.
T (A 11): Time constant during
Angiotensin 11.

FIETFL, MEOTLIHEME <HISLE. L
o T, WA IEERMAHE THIEL
7z PFR 3, Zeagibis i & s R < R ¥ %
BELE L LASRENT. T HRILREREE
EIRTYH, EEEHESPKESVEERE PFR &
DY LLEMEE L6, BEOKLENELDZ L
ks rEIZOLNS. ThbYL, FHEZ LIEM
DR FR Y O F2 58 B K FE TR BE (3 A 5 AR B & X
ST 5IRETH D LRSS, oz L,
UG O FRE S S RIG IC T EE b b B &

n, BHHIcaFRE L SEN S h, WEIE
WACY, ERECLRCHEET L EHLUL
TW3., ¥72, EE0iEoEERESOHIEN
WAOHEER R+ L 2FEH L 2 Gewirtz 0}
E19 L —HF AL EZLNS. B, PFR
EIEICE VRT3 2 LRI h Tw B 2319,
BERTUMRICEVERT S EHRESL TS
DI, oz tR@ESLCEETHEETHS
LSRR LG T 5 REETT. L,

SRR E LcoiR, @BEES L OEIRE RS
HOHZTHY, ERELHIES & O&EMEMSLE
BEEDOPERLICEBWTEH Zh 6 OB R T
EPEPIEHIL R TILERDD. F,
ZZTHEETREE, fEER LTV AIRRHA
BL—2o00BENIEETH Y, REPRHER
CIERT 5 5A, REAHMAEMIE. PFR 3
ZOPERAMAR L OBETELL TW A IRET
HBHZLIHHEETILELRDHD LBbh 5.

Bonow? #% PFR (A7 L T A & EBRE
BEEXHNT s FRLEETHD LRE LD
ekt L, Carroll'® FfFiciENLVE Lizd
%, Bonow [ZILEBAHIBTHILEL T\ D 2,

Carroll FEAETHRIT L TWBE Z L i b — il
H+sziExohs., SEOKBITIE, Tix AP
BRI OOMIBEL L NBLIVIER L, #i
ERMARAIE PFR (2 OMI B CToA N LD
BF L. EFERED WY, BEHRRDO D
519 N L AP BEIC T, IERMIAMMIE PFR
WKERDDZPEMT, SOCKRFEESTZLED
5. Ishida® 3 4 X DEBRIC X Y PFRICIIEE
BTRIOEEENEEL, L) bIEEEN
EECHSZ LEMFALL. Zhid, EEFILHE
XV RMLTWE DT, EHME PFR ICHEY T
5LEbhs. PFRCEE%* 5x5FTLLT
IESRhAL SR, EBREELSC Y, elastic recoil, £
FOREMERE, RABKOA v E—F 2Bk
ULz X 288 EBEZONDE. ZHHDE
ML LS > T PFR B 8lE&Sh 5 L&
Ab6h5H, FEOKRHLY, LNy rFT
774 —& DR L IREM b 5 VB R AR

Presented by Medical*Online



1500 BE%¥

#IED PFR i3, ZE3ifdBE & Hlh) & < ik
TrRRAREELEL bR,

X &

1) Bonow RO, Bacharach SL, Green MYV, et al:
Impaired left ventricular diastolic filling in patients
with coronary artery disease: assessment with radio-
nuclide angiography. Circulation 64: 315-323, 1981

2) Inoue I, Massie B, Loge D, et al: Abnormal left
ventricular filling: An early finding in mild to
moderate systemic hypertension. Am J Cardiol 53:
120-126, 1984

3) Iskandrian AS, Heo J, Segal BL, et al: Left ventric-

ular diastolic function: Evaluation by radionuclide

angiography. Am Heart J 115: 924-929, 1988

Betocchi S, Bonow RO, Bacharach SL, et al:

Isovolumic relaxation period in hypertrophic car-

diomyopathy: assessment by radionuclide angio-

graphy. J Am Coll Cardiol 7: 74-81, 1986

Bonow RO, Kent KM, Rosing DR, et al: Improved

left ventricular diastolic filling in patients with

coronary artery disease after percutaneous trans-

luminal coronary angioplasty. Circulation 66:

1159-1167, 1982

Ishida Y, Meisner JS, Tsujioka K, et al: Left

ventricular filling dynamics: influence of left ven-

tricular relaxation and left atrial pressure. Circula-

tion 74: 187-196, 1986

FetEAR R, AR, ER, i CERRERC

TNV rF T T T 4T X HEE - RRABROMER

LOBERIT— ) R hE—FF— 4% « AfkT7Fm

77— 2 OB LW HRREE OB RE—.

FZBE 2 26: 177-187, 1989

Weiss JL, Fredriksen JW, Weisfeldt ML: Hemo-

dynamic determination of the time-course of fall in

canine left ventricular pressure. J Clin Invest 58:

751-760, 1976

9) Reduto LA, Wickemeyer WJ, Young JB, et al:

4

~

5

~

6

~

7

~

8

~

26 % 12 &5 (1989)

Left ventricular diastolic performance at rest and
during exercise in patients with coronary artery
disease. Assessment with first-pass radionuclide
angiography. Circulation 63 (6): 1228-1337, 1981

10) gREFRE, ER I, FHEHHK—, f: 07— A 2
— 7 X Yk 7z diastolic phase index D H
H— Mt ORBIC BT DR —. BEY 19:
1147-1157, 1982

1) wE # RER Wi B o FERsoER
[RI#AL 7" — VERIC & % A28 relaxation ¥l =
2 20: 659-665, 1983

12) FHERH, & & B8 8 b EREEEE
B FE MR EE OBEH RN 3 5 MR AL g 19:
240-250, 1987

13) g ), M (o, AESd, i OEKERLG

T=NY LF I T T 41 XD ERUIRREE O

FMBEE 35 X OWH MBI & 5 5w 5 0 3.

J Cardiography 15: 3-13, 1985

BERfEE, NIBES, R, fib o sk

EoRM—%AMIRM O R o R, LR

19: 1183-1188, 1987

Gewirtz H, Ohley W, Walsh J, et al: Ischemia

induced impairment of left ventricular relaxation:

Relation to diastolic filling rates of the left ventricle.

Am Heart J 105: 72-80, 1983

16) Bonow RO, Vitale DF, Bacharach SL, et al:
Effects of aging on asynchronous leftventricular
regional function and globalventricular filling in
normal subjects. J Am Coll Cardiol 11: 50-58,
1988

17) Hirota Y: A clinical study of left ventricular relaxa-
tion. Circulation 62: 756-763, 1980

18) Carroll JD, Hess OM, Hirzel HO, et al: Dynamics
of left ventricular filling at rest and during exercise.
Circulation 68: 59-67, 1983

19) Miller TR, Fountos A, Biello DR, et al: Detection
of coronary artery disease by analysis of ventricular
filling. J Nucl Med 28: 837-843, 1987

14

~

15

~

Presented by Medical*Online



1501

Summary

An Examination of Left Ventricular Peak Filling Rate and Ventricular
Relaxation Rate by Simultaneous Acquisition of Radionuclide
Ventriculography and Left Ventricular Pressure

Hiroki SUGIHARA, Suetsugu INAGAKI, Tatsuya NAKAGAWA, Toshio KATAHIRA,
Kouji SHIGA, Yasushi KuBoTA, Akihiro AzuMA, Keizo FURUKAWA,
Jun Asayama, Hiroshi KATSUME and Masao NAKAGAWA

Second Department of Medicine, Kyoto Prefectural University of Medicine, Kyoto

We investigated whether peak filling rate (PFR)
obtained from ECG gated radionuclide ventricu-
lography (RNYV) reflects left ventricular (LV)
relaxation rate or not.

Five patients with angina pectoris, 5 patients
with old myocardial infarction and 6 controls were
studied by simultaneous acquisition of RNV and
LV pressure. RNV was performed in modified left
anterior oblique position before and during angio-
tensin II (A II) infusion to elevate their blood
pressure about 25 mmHg (A-1) and 50 mmHg
(A-2). The data were acquired in a list mode and
LV volume curves were reconstructed by forward
and backward gating from the R wave of ECG.
Actual PFR and corrected PFR by stroke volume
(/SV), by end diastolic volume (/EDV), by in-
stantaneous volume (/IV) were calculated from
LV volume curve and its first differential curve.

LV pressure was simultaneously measured by the
catheter-tip micromanometer, and the time con-
stant (T) of assumed exponential decline in LV
pressure was calculated as index of LV relaxation
rate.

Although there was no correlation between
actual PFR and T, corrected PFR (/EDV) and
PFR (/IV) correlated with T. PFR (/EDV) de-
creased and T increased during A-1 and A-2.
Decrease of PFR (/EDV) corresponded with in-
crease of T.

Thus, corrected PFR (/EDV) obtained from
RNV reflects the rate of LV relaxation, and was
considered to be an useful index to evaluate LV
diastolic function.

Key words: Radionuclide ventriculography,
Peak filling rate, Left ventricular relaxation rate.
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