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Summary

Quantitative first pass radionuclide angiocardiography has become a useful technique for non-
invasive assessment of right and left ventricular performance in man. Right and left ventricular ejection
fractions (RVEF and LVEF), cardiac output (CO) and peak to peak time (PPT) from right-to-
left ventricles were measured in about 60 aged patients, with the analysis of the scintigraphic data
stored in digital mini-computer interfaced from gamma camera.

The radionuclidically estimated RVEF, LVEF and CO were correlated well with those measured
with cineangiography and dye dilution or Fick’s method; r=0.88, 0.79 and 0.74 for RVEF, LVEF and
CO, respectively. LVEF was decreased and PPT was prolonged in patients (pts) with congestive
heart failure and the both were correlated well with the working capacity classified by NYHA criteria.
RVEF, which was 46.1+5.1% in 9 normal controls, was decreased significantly in pts with mitral
valvular disease (MVD), congenital heart disease (CHD) and cor pulmonale (CP). LVEF, 61.9+6.7% in
normals, was decreased in pts with MDYV, CHD, hypertrophic cardiomyopathy, arteriosclerotic heart
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disease and old myocardial infarction (OMI). The ratio of RVEF to LVEF, however, was not so widely
deviated from normal (mean of 0.74) except in pts with CP and OMI. PPT, 6.24+0.82 sec in normals,
was inversely correlated with other indices; RVEF r=—0.64, LVEF r=—0.83, cardiac index r=
—0.73 and stroke volume index r=—0.49.

We conclude that, of radionuclidically measured indices, LVEF and PPT are the most sensitive

indicators of cardiac function. RVEF is decreased in the RV overload and in inferior OMI. PPT
as well as LVEF is simple to measure and a proper index of ventricular function.
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Table 1. Evaluation of cardiac dynamics by
radionuclide angiocardiography

Cardiac output

Cardiac shunt or regurgitation
Circulation time

Chamber volume

LA

Ventricular function
1) Ejection fraction
2) Ventricular volume
3) Regional wall motion
4) Contraction velocity

DHE, BRERH, AOER X UELEEEHE,
DEREERD, chohbUBELEMT S
LR A T,

HikENR

BEE MEMLE L, HiAML 30° icdBRIL
BREFTHLaVA—2—%2 %% L - gamma
camera (Nuclear Chicago #!, Pho/gamma IV)
EFRHVT, BEOLEMEIREY 15~20mCi o
¥mTcO,~ ¥ LT, RIACG %fF7-o7%. [FIRF
i3 =aya—#— (Elscint $§, Dycom 80)
DK T+ 2712, 64x64 o matrix size © 20
frames/sec » frame mode - 30 B L UE
DT — s BMEIT -1z, ALE, EOLEEH
# (RVEF, LVEF) i3 first pass iz TR
(Figs. 1,2). RVEF i3A0%E RV) L3y s
5+ K (Bkg) I 7B (ROD) 7578
hdex bS50 26— 7L, peak 25
T 2~3 AL TRY, ThEEHLTEOHE
L L7 LVEF igexbs 54 % root mean
square 2 G sine curve [ZIEELL, BHEHAIC
noise ¥ /0 < + 5k TR . LHHE (CO)
iz Stewart Hamilton DJFEICL7=23-T, #
BRSO X bS5 0% Fo~EHETIHEL,
L RO 7 v v MK, B X UERIMIGE &
» o3k (Fig. 3). fERMkE T RIACG jEfT
1 @RS, B b riE7 A7 I v 2T
ki CO »o—mEHHE (SV) %, SV LERH
RepoLERRE (EDV) 2Rz, BRI L
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Fig. 1. Measurement of right ventricular ejection fraction.

(1) The time frame during which the tracer passes through the right ventricle (RV) is sumed and
right heart image is created. Two regions-of-interest (ROI) are precisely assigned with the light
pen to the RV and the background (Bkg) away from the RV wall. (2) High frequency time activity
curves (histogram) are generated from the ROIs of RV and Bkg. Bkg histogram is subtracted from
RV histogram after the correcting for the difference in size for both ROIs. (3) The resulting curve
is expanded and applied to a weighted 3 point curve smoothing. This curve is characterized by
cyclic fluctuation with each peak corresponding to end-diastole (D) and each valley to end-systole
(S). Right ventricular ejection fraction is calculated by the equation (D—S)/D in 2 or 3 beats from
the early downslope.
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Fig. 2. Measurement of left ventricular ejection fraction.

(1) The ROIs are set in the left ventricle (LV) and the background as to surround LV. (2) Histo-
grams of LV and Bkg are generated and normalized for the size of ROI. (3) After the subtraction
of Bkg from LV histogram, the resulting curve is expanded and standard sine wave analysis is
employed in the few beats in the downslope (the range is chosen by two vertical lines). Standard
sine wave analysis is explained that the amplitude of a sinusoidal variaticn is equal to the root mean
sbuare (RMS) times the square root of two. Thus the average difference between count rates at end-
diastole (ED) and end-systole (ES) could be expressed by twice the square and reflects stroke volume.
The ED count rate is derived from the amplitude of the sine wave, that is, the root mean square
times the square root of two, plus the mean value of the average curve.

a=average curve, b=baseline
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Fig.3. Measurement of cardiac output and peak to peak time.

Cardiac output is computed using the Stewart-Hamilton equation. (1) Histogram is generated
from ROI defined in the whole heart. (2) The gamma function curve is fitted in this histogram in
order to obtain the area (A) under the initial circulation curve. The circulatory blood volume (BV)
is measured using I-131 HSA in other day after the procedure of radionunclide angiocardiography.
CO=cardiac output; Ce=equilibrium count rate; EDV =end-diastolic volume; SV =stroke volume;
EF =e¢jection fraction.

Peak to peak time is obtained from the time activity curves generated from right and left venri-
cular ROIs. The time difference between peaks in each curves is measured and defined as peak
to peak time.
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1. toskeots (Fig. 4)

RI #:cHlig&h RVEF, LVEF %27,
A757+4— (CAG) tkodbhsdrhbdl, %
72 CO X Fick i BX U/ v—E—2EIKL 3
BFEETE L e Lz, RI &gk & DR
ffFEix 1~3 Bl ¢ d»-7-. RVEF %k 3
CAG i3 Fm, AfEo=HMf<, LVEF 48]
P —FET, VwTFhb area-length ikicT
ZHL7. RVEF, LVEF r§ RI#ick 325
2 CAG H.icx 3k v biEL kv ohikds,
Bk zhzh 088, 0.79 L EMHEIE L.
CO iz Fick #:, dye #:i2 X 35 8kicH L CHEE
1735 0.74 T - Iz

2. NYHA (358 & RI TR 5N 0886

Lozttt (Figs. 5, 6)

BE L WETRI O NYHA HEESBICHE-T
SEL, zh oo RVEF, LVEF, CO, SV,
PPT %3ttt L7z, XHBE L EEZANI G0

& RVEF
q @ p
200 n= |9 8 o] 4
ns p<05 ns p¢10
" N * 2° 3 L
) LVEF
o M h
40
" [l
ns 01 <01 p«10
Nomal 1° z ¥ L
CHF (NYHA)

Fig. 5. Right and left ventricular ejection frac-
tions in patients with the various degree of
congestive heart failure classified by New York
Heart Association criteria.

Statistical analyses are performed in the mean
value+S.D. between adjacent groups.

RVEF i 46.1+5.1%, LVEF 61.9+6.7%, .»
%3 (CI) 4.12+0.38 L/m?, ERHE{Z¥ (SVI)
60.3+8.06 ml/m2, PPT 6.24+0.82sec T v,
Fig. 5 it 55+ X 5ic RVEF, LVEF & {0 %
EETIC#EWET 3+ % #, RVEF o [KFER
LVEF iz rZH b o7 CI, SVI .05
EFTRECIETT 52, PPT RIEE L, &R

RVEF LVEF Cardiac <
8% .10 o L. 8 Output . -
o r =088 r= . .
:8 40 4 e
U // ° n= 7
ac ’ r=0.74
. * ~Fick
//, ‘-Dye
R 80 % ) 80 % 2 4 6 8LUum
Cineangiography  Cineangiography Fick /Dye

Fig. 4. Comparison between ejection fraction and cardiac output by radioisotope method,
cineangiography and Fick’s method or dye dilution method.
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Fig. 6. Cardiac index, stroke volume index and
peak to peak time in patients with congesive
heart failure (CHF).

THEZERL (Fig. 6).
3. REWUKEBICHTS RVEF KU LVEF
(Figs. 7, 8)

g @0 RVEF, LVEF % x ¢t RVEF/LVEF
¥Rko T T 5 L, RVEF i3 @igHiErs
(MVD), HXtL#E#E (CHD), ffitkls (CP),
BRIBMECREZERE (OMI) <& T L, LVEF i
MVD, CHD, jEAZLLEE (HCM), mEbils
## (ASHD), OMI /& F L7%. RVEF/LVEF
BELKDDERTER 074 1A EE & o728,
CP <& FL, ASHD, OMI w#tilL7z. Al
=, ELBCHTIEEREEARLV HEA
THFTRHET 3L, RVEF @ALEE - 55
AFEBCIETL, LVEF 3 A0EEAR, £
DEE - FRAWRETET LTV .

4. DEEEIZRIOEERG

ZIEMOMERGZEY OMI ptL Eamtcxt
H#af L. RVEF & LVEF o g%,
OMI #<ix LVEF OETFTHEHTH B LHIE
HHLHARCRATE . OMI Bopc TaEE

RI iz & 3 FEB M i CoBERE D SR

Fig. 7. Right and left ventricular ejection frac-
tions and the ratio of these two in patients
with various heart diseases.

Norm.=normal control; MDYV =mitral valvular
disease; AVD=aortic valvular disease; CHD=con-
genital heart disease; CP=cor pulmonale; HCM=
hypertrophic cardiomyopathy; HHD =hypertensive
heart disease. Statistical analyses are performed in
normal versus disease groups.

LV v
ASHD OMI Pnsl. \burreL PtesL \th.neL
n= 18 19 7 6 12 5

Fig. 8. Right and left ventricular ejection frac-
tions and the ratio of these two in patients
with various heart diseases.

ASHD =arteriosclerotic heart disease; OMI=old
myocardial infarction; RV Press. L =right ventricular
pressure overloading; LV Volume L.=left ventri-
cular volume overloading.
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%513 RVEF 0EFLEHTH -2 (Fig. 9).
ERHR L LEFEOBF TR, ALt OMI
BLEFBIRMATE 2ok, ELfTE
h bR BREIC XBlT&, LVEF ofETIiC
- EDV k33 i © b - = (Fig.
10). —hbOBEFREREE, © v MEEER
 eplcat Lo Fig. 11 ©h 5. EF &
EDV oBRix g ciEplcsk. EF & CI
Lof%<cik EF o TFiciy Cl bEFT5
73, RVEF & CI 0% T Mgt HE AR
oo (Fig. 12).

EF » PPT L ooffa<ix EF 0ETicf->T
PPT oEERABHh, OMI g EXEH»HH
b M4 & h 7o (Fig. 13). Fig. 14 3 PPT &
fhDIEE L DR ERIRE, v v MREZERRS
25| THIbDTH Y RVEF, LVEF, CI, SVI
L rhFh gk —0.64, —0.83, —0.73, —0.49
DEDHEEM»H Y, RVEF X v ¢ LVEF ik
FEWZLERLTV 5.

% ES

ek, FEBMAREERBMLEIRAL LTAH
2&h, RIACG izttt CAG X nEEEEH»
EELDEEXLLRATVREDR, Y rFh270MH

/o
60y a=076
L L
E [
(add
40 *
Vi
A-
20¢ . =- Inferior
\ OMI
T
20 40 60 %lo

LVEF

Fig.9. Correlation between right and left ven-
tricular ejection fraction in normals and patients
with old myocardial infarction.

““a=1.23 » represents a mean value of the ratio of
RVEF to LVEF.

fEomEEHF LV TA Y F—FOFEAT, HEMN
it CAG Dffgh1icii3&, Elava—¥
— L oEFETHRERICL CAG TELARV XD
REBEBEOhB L IR o

RI TR OEREOIE E BHEL V5> =K
Jtiy#: dimension ZHVTITH DT, HELE

“l/rrd mi/m®
a e - Normal
200 200 a=-388 4- oMl
> 4 a = - [nferior OMI
. >
Q [
LlJ [ LIJ
> a® ® > A
(0 hd ] e a=-139
100 LR P ) 100 . 1
4 4% AT~Q
A 4 I~
L] A ~o -
20 40 60 °hb 40 60 °h
RVEF LVEF

Fig. 10. Correlation of ejection fraction and end-diastolic volume in normals and patients

with old myocardial infarction.

RVEDV =right ventricular end-diastolic volume; LVEDV =left ventricular end-diastolic volume.
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Fig. 11. Right and left ventricular end-diastolic volumes in patients with heart disease

except valvular and shunt diseases.

Hyperbolic regression curves are fitted in the relationship between EF and EDV.

EhoRBEY R CAG il _RTE VEENT
bY, FHEEOBHES LR, TONBEREIC
Tv 9 5. ERALEDOAEHAIZIX CAG ©
BAELEOHEBHERE S Do IS kit
{, Simpson’s rule ¥, area-length %, 3
IAREEEY, 779 XLABIEES 2 L LK by
BHCFIRAL 2 RRECHS. ZhizHLT,
RI icx 35832 bZEE geometry IZHE X
hazZ b

RI filE boREA L LT, FfSNMREE, (B
MHBEBIOAy 775 FUBEO=ZARH 5
o, DBl & £ v X VBT 523
I, BERERVAE T 2356 & v AR o F s » 2
EhhiI oy, EEHELO FETIE 1 frame

50 msec @ frame mode THHEIT-7=2%, A
2Tk peak 7 v v hEIE 200~250 1 v > 1/
S0msec TH Y, BT ERIERR VY. ELET
i root mean square ¥ CHEAINE21T5 = &
T, BHBOWHE EMEEZ D2 LY. RHSE
ELHEDMERBEMR, T 7b bREEH O EE
BHENEEZRET 5—ERTH 5. BHEAE
DFE, Wy VEOKE LB LV, IUEH
LA RHBNOEENZH, Z0bTFhro
B EROELFBIT M b DTHB. BH
RREEL, KRIREOFELEAZ DAY 7S
7 v F (Bkg) nETH 3. EHE O AR
¢ first pass gEiIC Xk VRO, ZOMBERB IV
HEnkb Bkg oBjEndirvi Exbhs.
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Fig. 12. Correlation of cardiac index and ejection fraction in normals and patients with
old myocardial infarction.
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Fig. 13. Correlation of peak to peak time and ejection fraction in normals and patients
with old myocardial infarction.

EE TR OEOEEICKBRBAE L, ERiRH RVEF & LVEF pELEEEZERDTLER
TREEDHHENHEETH 5. B, BELEORL 7 H BV IINGEEEERRTS

Plnz e RIBZSCTHRELS K D feELEx DB, BHROEES S RVEF @
BT REEAEEATYES, EEHEbOXRD B+ 58& £ < 2\v. RVEF oE#EDHE
RVEF, LVEF, CO #ffitk& L&, R it CAG ik 5 b D Tid 51~66% % Th » ™10,
VWHHEAE b hie D THEL LToOER bR RI izx 3% @ i Steele & ik 57% (range
LEZ2Oh%. 51~649%)!, Berger & iz 55% (45~719%)2,
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Fig. 14. Correlation of peak to paek time and other cardiac parameters.

Tobinick & 1% 529 (44 ~60%)1 L34k LTy 3.

CAG 12X & Rl iz X 3% v & < H 3 M
Bhsb. EEHBHD RVEF 13 46.1+£5.1% ¢h v,
HEROBEL VKR, ThidZEsinxdse
L7ZEE®H AN i EE (8x118%) Thorz
ERBERLTw3THS5. RVEF HfigsiE
FHB, BED, ERELERLR EALEIHT S
EEB3AEAWMCETLTVYZDT, Zhbh
DAREFI T OBSREEE L LT o BBV E
BREFOLDOLEXONS. Zhix Lange 50
CAG X s28EL b—EKT52, HoALE
DR ~ P EEDEAR 21 Tz RVEF & TF
LRV ERRTW B,

RVEF # LVEF txtik+az tid, ALBE

CELEHBEORREGT 258 FHATHS. A
LE, EOZEFHMEEBET S Lo TRHEAL
Tw3R, Zhizg EEp LVEF ogF
#)Tix RVEF L{ETLTV3 250 bifERT

&%. L»L o RVEF-LVEF %) &35
35 b0 fitEl & BRIBELHEEET bo /-
(Fig. 15).

H LB RE A B PAZEME IR B & T 1RO CE
TTHZ LT HEROBEDDD LBV THDH
Bx oz LVEF oETHEELED Shi.
fifithils & 7o 2B HERTR AR IS 81T 3 ZELBRED B
WIEPERD» S b TR p 1618 [KELRSR N fE,
BIREE T A MIE, 7 F—o 2R LItk 3.0
BB DETHEZOR TS, LaL, itk

— 741 —



BN, BE CEK 1@

T1L-20

—j\\ V \(\[—

Vs

74yo Male L v

EIRSTPASS

RVEF =34 °b
LVEE =22 °,
RVEF/LVEF = 1.54
Cardiac Index = 2.7L/m" ANT
SV Index =38 ml/mf '
RV EDV =110, ESV =72ml/mf
LV EBYV =180 ESV=142ml/mi

Peak to Peak Time
= 15.7 sec

EQUILIBRIUM

LAO

Vs

Diast.

Syst.

Fig. 15. Example of RI angiocardiographic evaluation.
A 74 years old man with dyspnea on exertion. ECG and TL-201 myocardial scintigraphy shows

old anteroseptal infarction.

RIACG reveals left ventricular dilatation and abnormal wall motion

(dyskinesis) in antero-apical region. The cardiac function is found to be depressed even at rest.
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7. TEEHZEE 305 b, 2Tk RVEF o
ERRIETRA bR AERBIRAZE &0k 5 &
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1129 37 50 5 i, Tobinick &3 bk FhE
BgEED 9 b, "mTe ©r Yy VG TIHEH S
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SR LT 5.
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BDEL LT ZDRbr5.
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HBZENTRE ThD. ALE-ELED peak
oM E 2 FkiEfEch ), BRETLE
RT3, fE8k, Al SEL~OFEBHREIZSR
[EiER E CERIEE T &b, ThbDE
BoOBREZ2EDTLOLELZORTERL. L,
BAWELIEE DT, REFEDR L S REHT
o HERERE L L KHEBEXH 2L O8O T, Z
bl oogEREL LTRA/METHSLE
bhs. EF oRDIZVILEMEIFZ ETHR
HEZENTEEATHS.

B ¥

First pass $i2 X3 RI 7oV Aavx 75
74—, ANZBFIHLB X OELEEDHES
MAEEEICIZ 2 Tt DMFR LA > TV 3.
Ho=h A5 A4 0 Gl L EESER
MBEB AT, #5160 AOEAEHRLELT
HLEEHE (RVEF), ZLzEH®E (LVEF),
DR (CO) & AL-ELD peak RO
(PPT) %HgE L7z,

RI #:ck® 7= RVEF, LVEF, CO i3y 7
VOF S5 74— BIUOBEMRE £zix Fick
ok EzhbDOEEL X < 8 L = (RVEF
r=0.88, LVEF r=0.79, CO r=0.74). [ f £
<it LVEF 3ETFL, PPT Q3@EELAER, =
DOF#E X NYHA OLHBEMAL L —HKLTE
{bkLi=. RVEF 3 E¥ 9 40 Rt © 46.1+
51% Th Yy, HEIBFERE (MVD), FERHEL
& (CHD), fiittls (CP) cHEICET L
LVEF 3EEER T 61.9+6.7% Th - 72,
MVD, CHD, MEXRELLMHGEE, BHAREE(LHEOER AR,
BRIRMEL i BEZEE (OMI) ©{ETF L RVEF/
LVEF R E#{E074 vy, CP & OMI pist
TCIREL Loz, PPT 3EH 624+0.83
Th YV DIEEL X <ML (RVEFr=-0.64,
LVEF r=—0.83, Mk r=—0.73, BERH{%E
r=—049). ZhoofEE»S, RIETRD LR
BOEEEEISED 5 5 LVEF & PPT 23X {DOFR

RI iz X 2 FFBLIA DBERE DTS

2EZRM L. RVEF @ALZEICHT 2 A%
RESTREUHEEECIET LA PPT affiH
ik 5T, LVEF @, EEROHERED
1 2EmRD 5 5.
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