(R =)

1355

Cardiac probe (Z X % £ = BKRE D f# AT

FlE BE*

fRE EX*
SHlREF* TE —R*

frE &

JII A% —RR*
IWHE FR* EH OB

& Cardiac probe system |2 X 2 E=FRHAE OB ELRE Lic. FEIFEBEMENRL, FHEICED
FHEAE L, L7—VFA MEICXBfEL BV 1=093) 2RLz. ZoRBEZAY, EENEEE
< Isometric handgrip exercise Fi#% COEEHYEDMiZITE -7z, AFBIE TORHL EIX, EFET
554:11% » b 6147.8% Lz Hicds, EEIREBRRETIE, 614£3.29 » 5 57+23% L@ L.

Az, FEBHTERFTORHABEORENTRE TSV, ANIERTOBRHSEACRECLY, EH
MREBHORHBTE, (7, FAUEBRORBEE, EAOPRAERZ L COFRASREERELEL OGN,

T C®Ic

B, EERELTMIT2 ECEERH 4 E
(LVEF) B EHWEELShTW5S. EELORFE
L 7o e (ECG #— b i) Ik 3, ¥
#iREE TORBOEBIZBIT S LVEF i2onT
A L3, BEESA To ECG 7 — R,
BEOHWMERIIE NG, EE EMTAR
THHLWIRFREEF-TNE. 22T, &
SEBE% & hufz Cardiac probe system # vy, 5
AT AY =71 [ EEFHFEROE | BIERRED
RO RE R B DT Ic X B LVEF D fIlEREIC
SNTHRHNEITR o, £, THIREERE~D
BEER IS A 2177V, Isometric handgrip exercise
(H-GEx) #i#% T®D LVEF [2oWTRNLIZDT
H®ETS.
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Ao skmbr s X AR D1SERF T Table

* HAUEE B B BRI R S U AR
** B R B M B R b E TR A
Zh 5445898
RIEWZM S4ETHI12A
BURIFE RS | FOCEARIEX AT 35-2 (B 173)
FORERE B BRI
 H &

1 IRLTHB. NRIIERESRE6 6, EER
RER4H G HIIEBIRER T 75% Lok
BRER SN TR Y, 14k Thallium-201 2 kL2
2%y v CHERE TR b)), BEIEMEOH
HE2H 3 ) 3 #lL 3 Thallium-201 2 % % > CHE
BENTWD), DARLEHTHS.

A&

Cardiac probe system (Gamma Cor RCG (Searle
Radiographics)) 1%, LVEF # I3 2 7295
A &N, R=—27 10y BiRHEBTHY, 2
27 Nal gL Y TE Tw 5. Fig. 1 IT7R¥
L, PLMoMEOREBEEEOKRNER,
¥, AR LD EL F—F v VIROKRHEIE
ZF» Background (BG) ZHT2LDTH
3. BEBIXFhF 50 msec, 100 msec Th 3.
i H ORI RS REph 43 (Time-activity curve) X 9
7z. % Radiocardiogram (RCG) & Fig. 2 IZ5752
&L, Ay vrr 77 RicbBEREICESESH
3. AvvymRAa—FETE=F—TE5DT,
PR D BRI OBELFRETH S.

LVEF % RCG Liz#1F % End-diastolic count
(EDc), End-systole count (ESc) ¥ XU' Back-
ground (BG) X W kKR & AW TEHEL, =7
H3ILHPEHELTHR D 2. &big, Cardiac
probe DIz X 5 LVEF OZ&zo\WTiX, 7-
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Table 7 Cases studied
At rest During H-G Ex.*

Case Age Sex - Diag. HR RPP EF HR RPP EF
IK 67 M NOR 90 7929 52 115 13800 57
TU 68 M NOR 74 6364 70 82 7624 71
YY 80 M NOR 62 8246 41 75 10650. .. ... 65
NS 52 M NOR 68 7072 63 74 9028 66
KS 63 M NOR 43 4980 44 60 8400 49
KN 28 M NOR 58 5568 60 80 8440 63
KS 54 M ANG 56 5376 60 74 9028 56
NH 62 M ANG 52 4508 65 70 8820 58
HN 51 M ANG 54 4482 57 64 7680 S5
TH 65 M ANG 60 6600 61 74 9038 60
TY 74 F OMI 66 5940 53 72 8060 42
KA 71 M OMI 90 8640 40 115 13570 47
YT 69 M OMI 66 8184 44 76 11096 39
TO 73 F CHF 50 4600 56 60 7680 52
SM 74 F CHF 908 8640 44 114 10146 40
* H-G EX: Isometric Handgrip Exercise 309 of maximum voluntary contraction for 3 minutes

NOR: normal, ANG: angina pectoris

OMI: old myocardial infarction

CHF: congestive heart failure
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Fig. 1 Schema of the cardiac probe

LV: left ventricle
RV: right ventricle

TR L 72,
EDc—ESc
EDc—BG

TERFOTTEIT, O UDMEITIRE L
Mo X B H CHesd L 72 B o A= Fikic, Car-
diac probe DL EIERE L VERE L, A RAME
REY 573270 2E8H#MET VT v 2mCi %
bolus #FEH%IZ RCG 2 ¢k L7z, 105 H-
G Ex 1772\, RI—EBALTRIERDFGE TAR P
DFEFE LTI ol £z, REBTRIEE LB
WEHRHEDRRSG 21T 78 D o, FiICRRER
100 msec, 200 msec 2x5H72 B LU Y EHEL, L
Lo LVEF {hikatL7z. H-G Ex. i3, 1K
DB F1:+ (SMEDLEY’s Hand Dynamic Meter)
RV, HKEHID3I0% T3 oL X V1T
3ol Bkl LUARTF oL (HR) 3
=% —iEF SCM-11 Tiegk L, ME (BP) (3%
#h 7EIz X o 7=, AfTEIX Rate pressure pro-
duct (RPP) L LTHEFL, kAL VR,

RPP=HR X mean BP
mean BP=1/3 (systolic BP+2 x diastolic BP)

LVEF =
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Base Line

Fig. 2 Time activity curve in left ventricle of a normal case

EDc: enddiastolic count
ESc: endsystolic count

BG: back ground

%72, 125EH)Iz3B3 T, Cardiac probe fifT#%
I, EHIT72F Y LERLE 7 V7 I 10
mCi gL, L7 = ¥4 MERZHWT LVEF
EWEL, WML THEON LVEF 2/REt L7z,

B R

1) Cardiac probe O {iif&iz & 5 LVEF a3t

Fig. 3I1TR LT L, r-h A5 Ty IaL—
b L72tREt Tix, &ArfEick Y LVEF fHEWA
H i, FOEHOMABORHBEBREREFLERT
WBRHT 638% TH o2, EAFBIVTHIC
B L7 aiIci, FhEh 71.5%, 72.1% &
LVEF 3&fEE TR Lz, —F, ARNCALE L7
1359.4% LIREZ R L. 2o Z ki, Back-
ground count @ FH.ix 3 FrkicHabh s, £
EDUAEIZHES RI count OB bEE L LTRE
LTWaDIIEEHHERTH Y, Cardiac probe
DAPBNCTHLIE U 725 0 A2 E H HEBEBO IR &
Y RiJ %72 LVEF JEEZRTLDOEEZD
iz,

2) Cardiac probe ¥ (55 1 RIfEIRFHER L O
faksik) L7 —v e 4 MEICE LVEF okt
#%®

12f] D% 5= 4 Table 2 |z5x3. Cardiac probe |z

Fig. 3 A: correct detector position
inadequate detector position

X 2% 1 RIfERME L FfgREk o LVEF (3 r=0.
S DML AR LNTZ. Eiz, L7 —N - A ME
L ORI, 81 [EERE: LVEF (2 r=0.93,
S LVEF (% r=0.86 0AAREA A 7= (Fig.
4).

3) Cardiac probe %5 1 EIfEERIFEIC X 2 L
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Table 2 Comparison of ejection fractions obtained
with various methods
Cardia Probe

ECG Gated

Case Diag. First pass Equilibrium Scintoiscan
(% (%) (%
TY OMI 41 50 47
NS NOR 63 60 66
ST SEI 45 47 63
MK ANG 68 60 83
KN NOR 60 58 63
TS SSS 50 45 57
TK SEI 45 50 48
SE AR 35 36 42
TK CHF 22 25 21
BN ANG 57 52 72
KS ANG 60 60 61
NH ANG 65 60 69

SEl: subendocardial infraction,
SSS: sick sinus syndrome
AR: aortic regurgitation

B L A LVEF %[t#k+5 & (Fig. 5), E¥
HBHEHMETIE, 55£11% 25 61+7.8% LiH
U723, BEINREBEE TIX 61£3.2% 55 57+
2.3% LA L, LHEERTLRFTRD L.
DARZET2HL L NYHAIIETH Y, AP
LVEF 3@ L7z,
LVEF & RPP Lt nRi{%% Fig. 6 ITR L7225,

EFEBHETIIAMICE ) LVEF 3L 7223,
EEREBEE, BRIBM LM BEZERE Tk LVEF 3%

EF %
100,

[
o
o

16 %4 8 5 (1979)

L, ARCHTOTFHRENDETZRRLI.

E=fl

GEF 1) KS 57, 528, HOE
BEOEBTRIEXETHHEERLET,
Master double AFLEX TIXEHFHE Vi T
ST [ETFAA& 54, Thallium-201 2 b Lz » A%
¥ v (Fig. 7) THREEFERICERETARD b
7z. Fig. 8 LB, w#RD RCG THY, TE
i, AR PO RCG TH3. AMPOLERTE
TLEHMERA LR, Thic—EBLTE
EAMBRICOELRAR LN, LAT L ORKE

MO L HHEEFETH - T,

UESl 2) SM &F, T4k, OAE

BIEAMERICE 50R2T, Fig. 9 BB
ABRE: (NYHA I1EE) mie#k <, TBIIEAH, E
REIEWHEFIZ 5 F ORI R (NYHA TV
EE) OEHETHB. AElIck 5 LVEF HERY &
CRBELTRY, RBEBERICERTH .

UER] 3) KW 5%, 335, EH

Fig. 10 %, EHE# TOXMIFEIC X 2LHRE
T UEFEDO RCG THh 5. ARICK ZEEHELE
OEIMZIBEETIZALWR, AT L DEEAMN
BTIZEEBRMERD D, PRSI T DR E
DHEMBFETH - 2.

g 2.
2 «
: a
o 504 w50
par} »
- =
E z
= r=0.95
y=0.7x+12
EF %
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Gated method
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o
r=0.93 i r=0.86
y=0.8x+5 y=0.6x+17
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Gated method

Fig. 4 Comparison of ejection fractions obtained cardiac probe system and ECG gated

RI cardiography

Equilibrium: Equilibrium method using cardiac probe
First pass: First transit method using cardiac probe
Gated method: ECG gated RI cardiography
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NORMAL ANGINA OMI
EF % EF % EF %
PO
60 | + 60| ‘& 60|
%0
40 b+ 404 404 E
20 20| 20{
C H-G e H-G C H-G
55+11 61+7.8 61+3.2 57+2.3
* First pass method
Fig. §
EF % EF %
IOOT 1001
n NORMAL

a ANGINA
0 OMI

n/ :l&

- - RPP - - RPP
5000 10000 5000 10000

*RPP : Rate Pressure Product (meanBP-HR)

Fig. 6 Relationship between ejection fraction and rate pressure product in control and
ischemic heart disease

isotope tracer FRIC X 2HBHEAIr-> LT 2 LK

5 = EHEOLEMNR LT ET0 5.
TR A E I R BRI L TR Y, %5 b, Green Y DEREA i 151 £

EEREERDOTFRAELEICEEZBRE L v AV a—F Y RT LERCCERR SRR IC
%3, #£3k LVEF WE DU S 57— F VFE X% ECG 7 — MERRESE, FROFELHARE
KX BEEBEATLITRbRTE A, FIif L, BFOEBRTO LVEF 2HELTE R, 5
BENEOZ L, MTHEEELXBZ L, K VIRL D ECG 7 — PERBEOEWEFRIIGE LIS
Tzl REND 7. 22T, Radic- 2, WEBICRKEEZET 39, BErETIER
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Fig. 7 Myocardial scan and ECG in a case with
agina pectoris

DR TR AR EEZRFF>TH5.

—7%, Van Dyke®® 3 Single probe % T
B 5h 5 Time-activity curve D445 LVEF
EROBZFEERFNLTWS. RROFREIZES
{ Cardiac probe system |%, =2y "o — X JLEEM
REGHERE D LVEF ORIEMSFRETH 5.

## ¢, ¢ Cardiac probe D&z & 5 LVEF 0
BRatTix, PLEORMBAILEEFEREI I THS
L LVEF 0 F#H 4 5h, Cardiac probe D firfE
EOOEEMERHALNCE -T2, SEOREICE

16 %82 (1979)

WTRIPHXBREEZSBICL TERDZ L
2%, ERICX o TR 2 —KIC X 2 EfRRAE
BOLMETHHH. £ir, REBIZOWTESE
LORER LI R, T —EEERAR
LEGITAERDIFEETH o 72,

EEOLIZ, 2FlTF 7 xFy 2 EBRLET VT
v 2mCi vy, AR{FERE Y bolus EAL,
A 10ml Tflush +235%Ex2 L ). ByFHRE
2/ T3, Floyd? i3 77 % F 7 L8 = X =
v A RERWEEITIE, FFIZE£EM L background
W& LB Tzdiz, LVEF 13 7% #inL 724, &
AERL, FEIREBDEZIADNE P -T2E NI,

EELOEMT, Ho<hAT7arvta—%
VAFAITEBF — bk, Cardiac probe #iZ
X % LVEF %M+ 5 &, ZoMEE 1 BER
Wk T r=0.93, FHRETr=086 L7z,
RHETIKME & 72 5. Z ® Z L3 cardiac probe
system %, FHRE L V5B 1 BIIERRHE O 320
DPEEPBNZEETBL TS X ).

PUEoRRICESE, ZEELIIZOHKTH L
LT, IEFEEMNOERICS 3 EENkEE (CAD)
@ Handgrip Exercise 1zxt3 2 D EEREIZ O\ T
BMatL7z. CAD 3Zz0jEiEAEME, 2 L 24
712 X 5%47% T coronary malperfusion #5453
T ENE L, BEHBOL TR L ARPOLELE
REEREEALE L S T3,

EE 5 ORER T, CAD X4 EFITiEdH 325,
LVEF 3&#HBHTIEERIC L 220 5F, Isome-
tric handgrip & HFEFNIKT % 27z, Berger?
135 1 EIJERFREIC X % RI angiography T, CA
D R Tix, LVEF [3%H# 6612% 7 5 AR
S5TE2% R Lzt REL TS,

H-G Ex {ZDEO B AT T 2 FlieN & 4
TEH Y1 cycle ergometer % v 7z dynamic
exercise |2 L TIE TR ARTIE LWL S,
£k L LTiE, RPPIZLTLEERO 30% Lk
wn+sLAEMEEL LN,

DX 5 ITAREIARAIZ TO LVEF OJE
NEBICTE, CAD oL LERETMIcERTH

STz,
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Fig. 9 Radiocardiogram in a case with cogestive heart failure
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Fig. 10 Left ventricular volume curve obtaiined at equilibrium phase
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Summary

Analysis of Left Ventricular Function Using
Cardiac Probe System

Kenji NAKAI*, Masahiro I10*, Hajime MURATA*,
Shin-ichiro KawacGucHi*, Hinako ToyaMA*,
Kazuo CHiBa*, Hideo YAMADA*, Keiji UEDA**

* Department of Nuclear Medicine & Radiological Science,
** Division of Cardiology Department of Medicine, Tokyo Metropolitan Geriatric Hospital

Measurement of ejection fraction by using
Cardiac probe system was studied and compared.
The first transit study, which was used dual de-
tectorsystem, was designed as follows; the inner
detector saw LV cavity and outer detector
measured background activity. Immediately after
the injection of 2 mCi of Tc-99m-HSA first transit
study was performed at rest and during isometric
handgrip exerise of 309 maximum voluntary
contraction for 3 minutes.

The difficulty with Cardiac probe measurement
relates accurate contribution of background. Our
computerized cardiac simulation demonstrated
some differences between probe positioning. First
pass and equilibrium analysis by Cardiac probe
were compared with high temporal resolution
gated method. There was a good correlation
between these three techniques to obtain ejection
fraction (y=0.93, 0.86). And correlation between
first pass and equilibrium analysis was good

(y=0.95). By this method all of 6 control cases
showed increase in ejection fraction from 554119,
at rest to 62489 at stress. Whereas all 4 cases of
CAD showed decrease in ejection fraction from
60439 at rest to 57+29% of stress. Equilibrium
method provides us beat by beat analysis of LV
function.

The Carciac probe system could calculate ejection
fraction without computor analysis and permits
easy bed-side determination of serial EF in a 1-2
minutes, which was most useful during stress
exercise. Isometric handgrip exercise is easily ap-
plied and safety administered stress. Therefore,
Cardiac probe system made it possible to analysis
global function of left ventricle of patient with
CAD without any load on the patients and even
under the physiological condition.

Key words: Cardiac Probe System, First pass
method, Equilibrium method, Left ventricular
ejection fraction, Isometric handgrip exercise
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