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First-pass £ % F\ 72 45 ZEHERE O & R AV RF i

— HREOREBICEB T S MATHFER AT A — 5 — L OE—

er E I EET
MR FEY & B

‘[%]“t% fu%****

Befd  —BER* fciEE B
R It BR

BE;E****

EE Firstpass tk# VW20 RI 7094 75 7 4 2 IERE, BOMEOEBRE, AREATODHHE
#, GS0&ICHETTL, i A=ERILER (RVEF), SR O —k#5 dV/dt & IUEH 5 X ORIRY C B
L, LT —FADF—4 LI L. RVEF OIE#BEOMHIL 50.8+8.7% Tdh »72. RVEF iZf%E
CRRE L FREO S ERE CA 310 0 (FhFh 34.5414.3% (mean+SD), 41.346.2%) #5- L, Ak
I FAVR &/, &6 RVEF L UfEACK dV/At i3 A= ORITAT Td 5 A=EIRASIE & A% 380
¥, BRARTTH D EMEINRE, M ESE L FEOADHBE L /R L 72 (r=—0.46, p<0.01, r=—0.56,
p<0.001). KA RHEHEL IHRBICGHET 2 ALRELETH L LB Hh

L ZC®Ic

VT4, computer # FH L 720 ME O B E °F B A&
I RROREO BN, ERMOBEEERITICEN
el E LTRSS AW LR TV S, L Lgdb,
ThH0% FEERINE, LERR, WiiE,
BiggRE, FL L TAELEOFERICET I LT
b0, AR T LM e A (3 7. RI
g k S4B (RVEF) 0@, ekt
RIC BT 2RO B KL R 2 LB L
T, ho s MECTRINT 2720, XV IERIC
Ik 9 2FREH L TV D, SEFEE O,
LRI 7o OH 7574« 77— b2 Lh
F RNA « FP i) & Hv TAHEICE T 2 AR i

(volume curve) #:ko, OEHI TF—FLDF —#

* R EERE—NE

> A BIRERTAE R ENE
TR A E 2 EIR AT I e T SR AT
* ok ok k [ﬂ M%’ﬁ*—l'
ZAS84E9 H 12 H
kR AT S84E12 B 12 1
BIRIEERYG L IR HREREFEOR] (8 990-23)

IR EE R E—NE
& B %

L L TR A L RIS SRETT 5 L
LIS, B REMA .

L. ® %

#E T YBEIC T RNACFP #:% fifT L 72504 <,
MR AT E32~845%, VY S4.45%, RIS
364, LtEl44TH 5. RO BEHIIERARLEIR,
JEEE s £ O treadmill SEBAGIOER, % v v
LY v F T 7 4, DA TF—FAEL Y
Eh, LLTFoSEHIKBILEZ. bbb, 1) IER
AR 14, D AEBCORFAMEET S LD
(B #H) 114, 3) i@k (RCA) ETEBICHE
WA O I WEERRE, PRED U <X QUBEL R E
(C #) 1045, 4) RCA I[CHEWED B 5 TN
% (D £%) 8 44, 5) RCA ICHBERIEED v J7{E
WlME (ERD 104 Th 5. s, B RSB RM:
Jifien fLFESE 1 45, WERURANE PRAEE © L < 13 Bkse
DAL 72 fEIE SR IRAE IR PASH AR A0E 6 4, il 4
L0 EEh T3 (Table 1),

. x i

BEMBMILHMEANE L, SHRLEEr R
Wiz, ¥Te b MILFE 7L 7 2 0 20mCi 25
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Table 1 Subjects
Age (yrs)
Groups No.(F) —M8M8M8M8M8
Range Mean
A) Normal 11(6) 32-81 53.0
B) Right ventricular
overload 11(4) 32-68 49.6
C) Moyocardial infarction
(ANT, LAT) 10(1) 42-70 56.2
D) Myocardial infarction
(INF) 8(2) 48-84 623
E) Angina pectoris
RCA (—) 10(1) 41-66 55.5
 Total 50 (14) 32-84 544

AR & O bolus T ## 1 (4 & 20cc T3~5 )
L, =7 xxA¥— 140KeV, 71 > F v iF
359 - slant hole collimator #3355 L7z v F 4
# 5 Ohio-nuclear X 410 S & on line TR L 7=
I=ay vt 2—%— DEC #: PDP 11/34 |z gated
list mode TF—# 2UUEL . HohicT —4% &
Y, ECG » R-R [liifF#20%: L TAHEICET 2
— DA OBtk E FRR L, < =27 VI Tl
A A=Y XV IGHEHICBE T 2 =RP, MiBHRS
EEERCE ) ICHEOBLHIKROD & 35E L
7z #—4Mf 30° i2$31F % background & L TH
FICH R PTG (GE0RHHMA 12 back-
ground ROI # Fig. 1 (A) o Z L < &E L. LA
Lo E 1T o lctt, AICET 5L Aok
M stRE %S X v RVEF (%) % &H L, volume
curve O — &M t#R & Y maximal ejection rate
(MER), maximal filling rate (MFR) #% =k & /- (Fig.
1 (B)).

LM S 7 — 7 3504 3341 51T L, cuvette
AV AFERREIC X Y .OMHE (CO), MR
(CD %3k i-. %7, fluid-filled system iz T, ¥y
KENNRIE (AoPm), SEHRHEHREE AL (PAWmMm), fifi
FARIFEHAE (PASP), LR IRE (PAPm), -
YAEREE (RAm), A2EEARE (RVEDP) % #i
E LTz, Bt/ NgRIEHT (PAR)=(PAPm —PAWm)/
CO, #fiifu¥ st (TPR)=PAPm/CO, 2R
EIEHL (SVR)=AoPm/CO # B L 7-. [E»
7 — 7 VRERIC AL EBIRE A T L, 75%

21 %25 (1984)

Table 2 LVEF, RVEF and LVEF/RVEF in each
group at rest by first-pass radionuclide
angiocardiography

LVEF (%) RVEF(%) LVEF/RVEF
A)  70.0+12.3 50.7+ 8.7 1.440.2
B)  52.7410.9%** 34.5+14.3*  1.9+1.]
C)  44.4418.5%** 47.5+11.2 0.9-40.3%**
D) 40.9+16.5*** 41.3+6.2* 1.0--0.4%
E) 6564122 467+ 6.4 1.540.3

*: p<0.05 7vs normal (Values are mean+SD)
**: p<0.01 vs normal

***. p<0.001 vs normal

Table 3 Maximal ejection rate and maximal filling
rate of right ventricle by first-pass radio-
nuclide angiocardiography

(RV: dVv/dt) (1/sec)
Max. ejection rate Max. filling rate
A) 2.14+0.70 2.240.95
B) 1.6 +0.62* 1.740.82
C) 2.240.43 1.940.90
D) 2.240.55 2.040.70
E) 2.240.70 1.940.70

*p <0.05 vs normal (Values are mean+SD)

PLESRZE R AEMEE L Lz, 8, BURMEC M
B, ZIRVEISNE O A L I SERNEERS L 7.

IV. #% 87

1. RVEF (ZB8¢ 2488
KBEICE 1T 5 RNA - FP X 9 sk 72 RVEF,
B % (LVEF) & X (8 LVEF/RVEF (3 Table
2.»pZ k<, RVEF X A #Cit, 50.7+8.7% T
botzpick LT, AREAROFEIET S B,
RCA ICHEWEHREOHL DT ER
34.5414.3%, 41.3+6.29% LIEMBHC L HITIC
B TH - 7. EmtELEES, RCA CHED
fevy C #, E B> RVEF (ZIEHBEE AEEE A
7> 71-. LVEF/RVEF 3.0 f#% % A+ C 1,

D HAFERICKEL R L.

2. RTO dV/dt Ok

%331+ % dV/dt (MER, MFR) 125 X ##t
L 72554 Table 3 (2554, MER (3 B B2
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Fig. 1

First-pass & fi\ 7o 45 EHRE O BRPRAYTAE

(A)
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= ad aad 2

b
— L5
Eevie
Mg
ol £ EFVCE S

(B)

(A): Right ventricular region of interest (ROI) and background ROI super-
imposed upon the right heart image (RAO projection).

(B): Right ventricular volume curve (upper) and dV/dt curve (lower) by first
pass radionuclide angiocardiography.
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Table 4 Relationship between radionuclide and hemo-

dynamic parameters

RVEF MER MFR
(%) - (1/sec) (1/sec)
PASP (mmHg) r=-—0.46 r= —0.49 NS
p<0.01 p<<0.003
PAPm (mmHg) r=—0.51 r=-—0.50 NS
p<0.01 p<<0.002
RAm (mmHg) NS NS NS
RVEDP (mmHg) NS r=-—0.39 NS
p<0.05
PAR (dyne r=—0.48 r=-—0.40 NS
Bsec-cm™°). p<0.004 p<0.02
TPR (dyne r=-—0.56 r=—0.57 NS
Bsec.cm™%). p<0.001 p<0.001
SVR (dyne NS NS NS
Bsec-cm™°).
CO (1/min) r=0.46 r=0.40 NS
p<0.01 p<0.02
CI (1/min/m2) r=0.49 r=0.46 NS
p<0.01 p<0.006

Abbreviations: PASP; pulmonary artery systolic
pressure, PAPm; mean pulmonary artery pressure,
RAm; mean right atrial pressure, RVEDP; right
ventricular end-diastolic pressure, PAR; pulmo-
nary arteriolar resistance, TPR; total pulmonary
resistance, SVR ; systemic vascular resistance, CO;
cardiac output, CI; cardiac index, RVEF; right
ventricular ejection fraction, MER; maximal
ejection rate, MFR ; maximal filling rate

I LA RIS,
55N (W /NS

3. DBHTF—FILONRS A—8—LOBEE

DD 7F—F iV fohicg 72— —L
RVEF, MER, MFR & 0 Bf{%% Table 4 (2553,
RVEF ¢ MER 3 AE0HKARE KD PASP,
PAPm, PAR, TPR : FEOADHELZ R L.
Fig. 2-a, 2-b iz RVEF & PAPm, RVEF & TPR
L oM%E R L. %7, Fig. 3-a, 3-b iz MER
L PAPm, MER & TPR L of{E# i L7. CI
1% 2.4 //min/m2, TPR X 400 dyne-sec-cm™> % %
2 2 BEICKBIL, RVEF % Ho#k L 7 #5% % Fig.
4-a, 4-b 12753, CI (% 2.41/min/m2 DL F D,
TPR (% 400 dyne-sececm™ Ll F BN H T 0 K
fEx R LTz,

MFR (34 B THEZER

21 %25 (1984)

V. & B

DMEEREIC & 5 Ao ®E
ﬁ@ift&omaénrétm,Lim@%a
WHEHT 20, LFLLMEAKEEZHTY
D LiFvazv. —%, REFERRIOCHBERE~
X2 BERNT 2 ENTE, AEOBMA
TR % M 5 Z§ﬁawm&®ﬂnéht
FBEMICAE O EH AR B T
RVEF ZHIcBI L T#EH 53 FP & v 722,
F OB FAREICE L, AR ELEE L0
) % temporal {281} 5 = & 28 TE, MEMEBE)
Mo T, background #fj1E, ROl o#iE#%

X VIERMICTV I B EX )L THS. RVEF
DEHOBFHRME LTRFE—F L —% —iZH W
rzmmﬁtt%Ar4W4@§ﬂa%mﬁms

, BnsARr—4 —[TiE L5 REE DN
,ELL.HﬂﬁMJWVtﬁ&k. % RVEF t#
EiY L Y Graham 50D ISHEVEIHL 72
RVEF # i U 7z plfl <&, migflic, r=0.74,
p<00l & BAFATEAHBZ RO Y. F oAk
3~4 EMGR L, —OJE oA G & P
Kt 2 ewic, #Ek b ORRIIEBR ) b FfE
L LTHEMT 5 hE L Y AT v
Zzbhiz.

PER A EHRERAT IC W b T & 72 FP ko
FERRET M~ OB I L T, HFD, Steelel?,
Tobinick!D & DG H 5 2, LY 7 — 7
NDT —F L ORI IR & AT - ToiRE 13 7
AR

EFE O ORBETERED RVEF 3 50.8+8.7%
ThHY, #EROOBME SCI~57%) LEN o
7z. ¥7-, RVEF, MER ® 2 2D RF 2 — 4 —
PAEORARM L Y bRATICH ZELRT S
ZLAR&hied, Brent b L IRIEREROERE
WAL TWBY, ARIVKERE O FHlIC BV TIX
CIHBEREECRER T TR & <, * Ok
hypoxia D.LMFICE 2 2B Vit >nwT L +4
nEBEPES SIS,

EREONMERZEREOFRERA Y, BHH
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n=33
r=-051
p<0.01
0 ) y | 100
RVEF (°/o)

Fig. 2-a Relationship between right ventricular ejection fraction (RVEF) and mean
pulmonary arterial pressure (PAPm).

257 N =33

> N=32 r=-0.52 (p<0.002)
d: * r=-0.560 (p<0.001) 380 Y = -9.435X + 36.63
b Y = -0.212X + 13.99 T

€ £

Y 204 E
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€ .

g a 60

) g

lod

a

— °

401 .
204
0 r v .
. v . . 0
0 10 20 30 40 50 60 70 ! . 3
RVEF (%) MER (1/sec)
Fig. 2-b Relationship between right ventricular ejec- Fig. 3-a Relationship between maximal ejection rate
tion fraction (RVEF) and total pulmonary (MER) and mean pulmonary arterial pressure
resistance (TPR). (PAPm).
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Fig. 3-b Relationship between maximal ejection rate
(MER) and total pulmonary resistance
(TPR).

DK, SERIER, PRERMIAE Y, ok
DEBLPENLTZTHLIR TS0, Xk
SORFTHLEE L TEREEET L 008
¢ RVEF [ZIE# B ICH UIRIE O BA % SR L 7-.
IR L ER RO AR BT 5 &E o HEE
PEL, AU HE ) AROLEE~OF & Z Aff
HES2ABRL T e Enfillshs. fis
L 2= o> stroke volume 73 oo JE#A 4 3 L T A
L&+ 4uE, LYEF/RVEF (3% o gk %
& (EDV) olt &b+, AETAREICTE
%R L7 &1k RVEDV #A1ic X - TR L
TWH LD ELEZHND.

E, ARORENSEICEL Ty, AFEo
AR, RN oORY %, BEERXOBEES 7«
Enfd, BEBETHEIGH S 2 103N o

# D

¥

7 (1984)
RVEF
(%) p<«003
100 —_—
: H
50 % %
v
: 3
: % mean:SD
0 4 }
<24 224

(l/min/m?)

Cl

Fig. 4-a Relation of right ventricular ejection fraction
(RVEF) to cardiac index (CI).
RVEF were decreased in patients with

Cl<24.
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Fig. 4-b Relation of right ventricular ejection fraction
(RVEF) to total pulmonary resistance (TPR).
RVEF were decreased in patients with
TPR - 400.

BB B,

B, Sagawa ST BT 5 E—AHEBR
WEEOZN LR, BEFMcERTHD Z L
L TRYIY, EOLIZIIAEERIGAL
FRIBEL TN, SHA=EEEL LD
OFLWEENSHET 2 LT RNAZHEHATH
LEEZOLND.
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VI #

E S

EEOPHERILVBITLTEZOLRL T OF
7T 7 4+ 77— A M AE G AEBREGIC S
H L, RVEF, MER, MFR [z %, b T —
FALEVEONI T A =7 — LHBRGTL, LA
ToOREREE-.

1) Aic k5 E#HBEo RVEF (3 50.8+8.7%
<, LVEF (70.0+12.3%) X LIEfETH - 72.

2) HHLOEBRREEO RVEF 3EEBH O Zh &
D LIRS, FricA=EEARREE TRAOEZERNT
BEICKETH - 72

3) RVEF, MER A= ORTAR L Y b HBAR
ML R 7 e gl

(AL OBERITE 79 [0l H AFER A SR H &ic 35
WTHELK.)
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Summary

Clinical Evaluation of Right Ventricular Function Using First-pass
Radionuclide Angiocardiography
—Assessment of Cardiac Performance in Patients with Heart Disease
by Radionuclide and Hemodynamic Parameters—

Toru KANAYA*, Yoshihiko WATANABE**, Ichiro TONOOKA*, Satoshi SATOH,*
Kai Tsuiki*, Shoji YAsur*, Kozui MIYAZAWA***,
Akio KOMATANI**** and Kazuei TAKAHASHI****

*The First Department of Internal Medicine, Yamagata University School of Medicine, Yamagata
** Department of Internal Medicine, Fujita-Gakuen University School of Medicine, Aichi
*** Department of Clinical Laboratory, Yamagata University School of Medicine, Yamagata
**** Department of Radiology, Yamagata University School of Medicine

We analyzed right ventricular function using
first-pass radionuclide angiocardiography (FP-
RNA) in 11 normal subjects, 28 patients with
coronary artery disease (CAD) and 11 patients
with right ventricular pressure overload. In normal
subjects, right ventricular ejection fraction (RVEF)
averaged 50.8+8.79% (m+SD). RVEF in patients
was significantly decreased than that in normal
subjects. Several parameters (RVEF, maximal
systolic and diastolic dV/dt) obtained by FP-RNA
were compared with hemodynamic parameters
obtained by cardiac catheterization. RVEF and

maximal systolic dV/dt correlated with the mean
pulmonary artery pressure and pulmonary vascular
resistance (r=—0.46, r=—0.56). While RVEF
was less dependent on preload, highly dependent
on afterload.

In conclusion, we considered that the FP-RNA
was a useful method to evaluate right ventricular
function in CAD and other heart disease.

Key words: First-pass radionuclide angio-
cardiography, Volume curve, Right ventricular
ejection fraction, Maximal ejection rate, Maximal
filling rate.
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