(m &)

77— AL« NRBECR T HBREMEOHIR

— EMHFER L CAERHRA~DOBEIE—
HE OFE* fH EmER* O EL #Y 0 Bl -
HFOB* AE RFE*  &H OEXR*

BEE 77—Rb - A2EZHVTEHR (EF) 281+ 58, Rl-tracer ORHMRERLIIREDE
Hris. ZOBEENOEBELLTID, Ty~EREAVWEEMELE (GAE) 2ERL, K0
beat to beat (B-B #k) L HliREt L7z, #BATICIZOMATEEY 7 v b —A & HV, EROFEZIT-7. €
OFER, RIEARRIEWEES, LT Lo EF 0% 8 (Range) 3 X W EF ofExtiizix, B-B ki
HRT GABEOHFWEEIIEE L o7, 72, ERFATR RI 2AFCEALK 10 EFICONT, BE
T2 200 TN ENOAZEHR (RVEF) 2 ROWEBRN L. 20#E, BBETRIEANOLEAO
RVEF (42.3+£9.2%) ® #5432 %EB ® RVEF (51.744.9%) X W HREiz/N& { 7 o7, GA #Tid4 RVEF
i (52.04+8.0%, 51.3+4.3%) tFEEI RO o7z, GA X, BEEOFEL72{L, RVEF 0

BB FETH 5.

I # g

FE, DREE¥REIa v Ea—2 0t T
A Ay, Fa OODBRED ST 2 — & DEH
BEBTHEY, Zhb0EERHEBIBRFNEAT
BILY, R, FATX—FORRKERER
fERERERS. LDRIFUXASTS 702 A0
7-BRH =R (EF) 0B Hizix, PR~ F 7 —
i (MUGA ) @iz 7 — & b« A2
(FP ) % 539, MUGA #:icx L T FP %143,
HEA A — Vb bFRRIC A ORE, FhREE, £
DR & XBITE, BEOHEK ROD OB E XA
5ThB. £, RIFEARMPELF— 7 2 #
BRWEA, Ry 27590 KOEBRDY I WF
BEEFT3. Lal, RI BLERNICAE KA
F 58, LHZ & o EF i RI o5 EE b
DB T 5 (BEFRAZIEP.

* REESTERKRSEEE ERE

=it :604£8 A 15 H
BiFEZH 1 04E8 B 15 B

BURIFERSE | 2B R IU4RET 840 (B 634)

R SLER KBS B
2 H MO8

TORBREIN T D, DLTEIRT 7 v
P2 ERAWTEBORE LT, &big, &
vERERCICBEMEE GAR) 2 EBRL,
FP #:iz X 2 #£3& » beat to beat i (B-B ) & Hb
;L.

Y7, EEREITR, BERABREZIZVE
EEXHER (RVEF) 2o\ Tk L, GAEOFER
PEMERD b= D THET 5.

. MREFE

1. EmaRRzR
DIFEE7 7 v F—2ax AV, Bohicsh
WHIZRI ZHEALERRfTo2. A—F 2RI
BEA&Sh RLiz, HEATREBEShEREL T 2
YAOAL FEFBL, LEEYTZHIIC
E+3 (Fig. 1). &6ig, DENTHRLZ RIL iz
Aicfns. RIFAE»OLEETOERIT
50cm ¢ L7z, DEERe—XBORL AT, *
OFEEIMBNIC L VBT 5. o RiZHERE
LU, #yAMICIRBIL, I, fLEZMVIET.
FOREE T H AHMBANTAIEL L, LEOMIMRIC
FEB|Y AT, BAFHE GLREHARE EDV i

Presented by Medical*Online



2 ®E%

YY) 2 120ml L L, DEOWMMICHE Y fF
7z, RIDEARELEE TOERE, L= 0K
REBIEBEORAZE L. MBHOHEE, L=
DR/ (GERE AR ESV ITiY) 28k s
®, LD E 5SS, 70, 90 beats/min, EF % 29% 2>
b T71% % TEILE ®iz. RI OFARE 2 —#RIC
Lishin, FARMEZEEWHEE (2~58) L E
WIEA (6 ~9F) I TERZ1T - . K&
1% 9mTcO4 5~6 mCi/l.5;m/ % v 7=, RI i AE
BrovyrFLr—v 3 27 (BB LFOV)
PHWYRME—FTF— %R L, 50 msec/7
V—AhDA X —TE— NIZEH L 1= (Fig. 2).
L=z ROI # #7E L time activity curve (TAC)
EY, EHIZ3ERAL—T VI8 fTo. 2y

Position of RI injection

23 %1 5 (1986)

A—FRE A NF—HAESAETEEAY, =%
NE—L~L 140 kev, 74 > KB #20% L L7z,
Ho EF i3, 77 b—ADLEDL—ERBRN
T 28R A 2V ) v A —THEBEEL,
D%k, EVD X W B L7z,

2. BEREREYIREY
SREAET FP EEETL, #fA A —Y &
VERLAZEVCHAMICHBL, 0 TAC 0 {E
B2 4 LN O SHBA L210F] TH 5. Fi0iE
RN T 5. 99mTce-RBC 15~20 mCi/2 m/
PAMERE Y A —F 2 TREL, ToOUEGER
& RAO30° KX Y 1 MY 2 bE—FTF —
ZEFRR L. RIBEARMIEZEEE & 4B L
NTHD. 208, a)y2—%, y4F Vv

Tank

Driving
device

Fig. 1 Schematic drawing of ventricular dynamic phantom.

Ventricle

Fig. 2 Image and ROI obtained from a laboratory
experiment.

END-DIASTOLE END-SYSTOLE

Fig. 3 Images from end-diastole and end-systole.

PA=pulmonary artery; RA=right atrium;
RV =right ventricle.
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T7—R b NRBICTET B BEME DO 3

Ny, A VKRRE 77 v b —LAERLEFE—TdH
5. ROIZZEF, ===27 LV TilifiiA » — ¥ &
DZRF, MBRFZEERVE D ICHEYHA
72 (Fig. 3). F/z, @A A —C I VF L O
Ny g 779y KBRMBE LD 5 L0, Ry

Table 1 Calculation of EF corrected with gamma
variate function
EFuse. = 25 x 100 (%)
a(tl) _ a(tl+l)
c(ti)  c(tiyr)

Eh= a(t)
c(ti)
<) a(tiy1)
c(tiyr) = a(ty)
where,

EFavg.: averaged ejection fraction

EFi: single beat ejection fraction at i-th

N: number of used beats

a (t): value of time activity curve at time t

c (t): value of time concentration curve at time t
ti: end-diastolic time at i-th

tiz1: end-systolic time at i-th

1500

1000 b

Counts

500

vy N EREDEELEZ 2.0 TAC 2o TR
SL-.

3. REMEX

EP X viEohi- TAC 1T, LiaBhic Xk 524K
LN O RIBE ORI EILOREEL Z T
T3, LENO RIEE RO TAC & BT
Clizky, BEMENSTRETHS. bhbhil,
DEANBESRICY v ~EREAVTREMER
R47= (GA ). curve fitting IZfFH + %5 57— #
FRERE O v b E L, fitting i h v v
OB, BNERECL VTR, B
EWMELZ TAChb0AZ L 0B (EF) &
koo EF, o fE % EF L L7z (Table1).
4. T— 2R

77 v h—LFERIVELNT TAC »» b, £
KAy bESUEETS2~3.0AC2W TR
L7z, RIBEES{LICL 20 L o EF 0
EEZFND 2w, EF OfFKE & F/E O %
(Range) # kKW 7z, 72, 2~ 3 LIADFEY EF 0
MRS & kw2, Range 3 X ORI O W
T, RIFARMHOEWEA LEWEE TS,

a b ¢

il

IT.=2sec
a
EF/beat (%) 26

EFavg.1 (= %b—)

EFavg 2 (= 212%e)

Range (a—c)

Directed EF=32%

—

0.5sec 0.5sec

H.R.=930beats/min

b c

a b c
51 58 33 35 30
39% 34%
45% 33%
32% 5%

Fig. 4 Results of a laboratory experiment. Top: Gamma variate fitting to the original
time activity curve (left) and time activity curve corrected with gamma variate
function (right). Bottom: Comparison of EF using B-B method and GA method.
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#ek o B-B k& GA th& bk Lic. FRBRA) B 7t

23 % 1 5 (1986)

TR DL RVEF & 2%&H o RVEF % it n. # £
Bl $RTOEBERF2—F > b0 T-7 1. ERNEE

2 MW,

BB & LELNBLAT & EF i3, &Y

HIML, ZEEhL KE .

D, FH EF i,

1000 & b a b ¢ d
o [
§ 500
o d
— —_—
0.5sec 0.5sec
I.T.=2sec Directed EF=43% H.R.=55 beats/min
a b e d a b c d
EF/beat (%) 6 50 56 65 2 42 4 44
EFavg (=239 53% a%
Relative error 23% 5%
Range (b—c) 6% 2%
Fig. 5a Results of a laboratory experiment with short injection time (2 sec).
750 ¢
b b ¢ d e
a c
500
0 d
€
3 e
o
250
T —t —
0.5sec 0.5sec
I.T.=6sec Directed EF=43% H.R.=55beats/min
a b c d e a b c d e
EF/beat (%) 33 4 45 49 56 45 43 40 39 45
Relative error 5% 5%
Range (b—d) 8% 4%

Fig. 5b Results of a laboratory experiment with long injection time (6 sec) and with the

same hydrodynamic conditions as Fig. 5a.
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Ty =Rk« RRBICBT D BERE O 5

FHT 50k E Y KESETS. L,

GA B TIMAZ &L » EF o 8hid/ha <, £
EF 0%t b/h&w (Fig. 4). [F—ML1T Bh i & 4
T RI JEARS & EF of{fx T ~7-. Fig. 5a
o RI FEARMBEWE TiX, B-BEOKRA, &
FDOLIED EF 6% Th % 5, GA 0 EF i
2%LiYy, BEEAYLIGEL oz, RIEAR
FAEWESE, BBELLELRZLAZT LD
EF 081 X U EF OfIRE R K&
o7z, L#L, GA¥TIR, 0aZL © EF 0%
Bk X 0¥ EF ofExtiizE, RIEARHE 0

B3Ik, BB HELT/IHhEL Aok
(Fig. 5a, b).

LaZ & o EF o % 8 # Range Tk », B-B
Bt GAHEZE L. ZOfEE, RIEARR
BEWEA, GAERBBEIVER IR/ EL
% - 7= (p<0.005). % 7z, B-B & o Range i3,
RI ZARREIPES 2L BFRERKELS ok
(p<0.05) 23, GA (iCRARZERI ok,

3 EF OAERaEEIco T, B-Bi, GAER
Helg Uze, 2 ofER, RIEARHSEWEE, GA
HER BB L W EEIT/NEL 7 o 7z (p<0.10).

Table 2 Range of EF/beat and relative error of EF obtained from laboratory experiments

Range (%) Relative error (%)
Method Injection time (sec) Injection time (sec)
Short (2-5) Long (6-9) Short (2-5) Long (6-9)
- | * |
B-B 13.4i5.7">—| 6.842.8 13.346.7 8.8+5.9
pe Hkk
GA 4.4;};IZ.1—I 3 4.9+3.1 7.6;(:4.4_| 8.5+4.9
8): Mean+SD *: p<0.005 **:p<0.01 ***:p<0.10 7T:N.S.
300 a 2y
b
200
"]
€
3
© 100
F— —
0.5sec 0.5sec
a a b

RVEF/beat (%) 44 47 45

RVEFavg (=252) 46%

Range (a—b) 2%

Fig. 6 A clinical study. Gamma variate fitting to the original time activity curve without
background from lung (left) and time activity curve corrected with gamma
variate function (right). Bottom: Camparison of RVEF using B-B method and

GA method.
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6 % E ¥
B-B GA
70 70
60 601 \
8 ? 8 ﬁ
= 4 =
G 50 § t 50 §
& b P b
/ —
40 40
304 30
Fi:—st Sec:ond First Ser:ond
beat  beat beat  beat
| I— I
P <0.05 N.S.
Fig. 7 Changes in EF’s of the first beat and the second
beat.

¥ 72, B-B EofAxaazig, RIE AR RS En
L, K&z, LaL, GA BoMERER,
RI BEARMIC X 2 BRI LA EZTT, &
W % 55 L7z (Table 2).

2. ERERFER

B0 DRy 2 559 v FOREID IR
$nF—2EAWTH v~ E & fitting 17 - &,
curve fitting X RIFTH Y, FE & h iz TAC }
WRTRELDTH S (Fig. 6). JZFOLBD
RVEF ¢ 2%H » RVEF # [k Liz. 2o #E R,
Ptko B-B LD Y&, B ¥l » RVEF o FH{E
423492%) »FH 232%KHE » RVEF 0 EHHE
(51.74+4.9%) X VAEZI/INE L ol (p<0.05),
¥ 72, GA: 054, ¥ ® RVEF 0 E# 1
(52.04+-8.0%) & 2 %H » RVEF 0¥#fE (51.34+
43%) THEZIED bRk ok (Fig. 7).

Iv. & =4

$%3r, RVEF i, ZE=HEER & L oBfR
PEESHhTWS™S, FREEREM R I
SWIERENO L D0 BE ST 3 23910,
EEOWEBIEMERTD, LT LVBREREREL
BTVBEiEnzAaW. LiL, RIZEAWESD

23 % 1 5 (1986)

v v MER, TEEROREN D, RVEF OftH
LifiETHS. zoXE, RlEEaAv s 759
Y EOREERITS.

Rlizk % FP i3, £—7 22 B<+5 2
LIz, Ry sy RELELTB LN
T&5%. L2L, RIoAHEKAH BT FH
X 9 RVEF L LBEEOFRE 5. 0¥
Br {7, LENO RI ORFFHRE AR i
IABEMENLETH 5.

4E], Z oph#ic H v <& C(t)=const - tee—t/8
ERWk. 22T, t 3R, @, B ITERTIE,
mixing PREEICIVEES. +TIK, F—3F 2
HEORWEE, AP ORFRE RS o~ E
BicsZ i, HRMBIVERNICHES L
T\, REEHERE R 5 72 », IUHEH T
DHY Y EERANTY < £ & fitting % 1T -
7o THRODEOERHEBFEMAET, FUL & Lz
LThB.

RIEARHZEWGE, #Eko B-B o Xt
MAEFESICKEL o7, RI DEEEL{L A
T, FRETREE AR OMEAS 1O ORERH] & [RIFREE
s l, ZofBoE— s OAEIZX Y, O
TEDEFIKREHELEZ IO TH S,
BEEVP2EREE, BREMESLETHS.

A, DIfTEREZ 7 v b— A2 W TERE
Tl DFRDOEHLLTH S.

1) MEOEBNENETHS.

2) RI oEARFEEX, Rl—oImfT B)E S
BT THRYVBLERPAETDHS.

3) BELLFHVREOAD D, LD
EF 0@/~ & v,

4 Ry Iy FPMERTES 0, BE

MIEDRITNESH TH 5.
5) RIBRIRAI TV MECEAEDLEOKEE
X BB .

TDX YT, LHEEEST A — & OFHEICRET
BER OB, LIITEEY 7 > F— 22
TERVERHTHS.

FEERB TR A 2 — Y L VHT LT, i
LORy s 75y FBRHBETAURIOT—42 %
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Summary

Study of Concentration Correction for the First Pass Method
—Application to Right Ventricular Ejection Fraction—

Kazuro IWATA, Shigeharu Tsutsul, Hiroshi SHiBATSuJI, Koichi IDE,
Hitoshi YosHIMURA, Yasuhiro HONDA and Nobuo HAMADA

Department of Oncoradiology, Nara Medical University, Nara

The determinations of ejection fraction (EF) by
the common first pass beat to beat method (B-B
method) are subjected to errors attributable to the
effect of rapid inflow or outflow of radionuclide
tracer i.e., the effect of time-varying concentration
of the tracer. In order to attenuate the effect of
time-varying concentration, a new method was
developed by using gamma variate function (GA
method).

In laboratory experiments, the Range of EF/beat
and the relative error of EF obtained from B-B
method are large in the case of short injection time
of radionuclide tracer, while those obtained from

GA method are smaller regardless of injection
time.

In clinical studies, the first RVEF/beat obtained
from B-B method is significantly smaller than the
second, while there is no significant difference be-
tween those two RVEF/beat obtained from GA
method.

We conclude that the determinations of RVEF
by using GA method are more stable and precise
than those by B-B method.

Key words: First pass method, Right ven-
tricular ejection fraction, Concentration correction.
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