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Clinical Application of the Recording Radioisotopic Angiocardiography
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Department of Radiology, Gifu University School of Medicine
(Director: Prof. Shtizd Ishiguchi)
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The Anger scintillation camera combined with a video-recording system was used for recording
radioisotopic angiocardiography on 135 patients. Through video-tape replaying of recorded radio-
isotopic image data, scintiphotographs of dynamic events of some selected phases and radioisotope dilution
curves of the flow in some selected areas of interest were obtained. Then, by analyzing the scin-
tiphotographs and the dilution curves, dynamic imaging and dynamic function studies of the central
circulation system were made systematically. Clinical usefulness of recording radioisotopic angio-
cardiography was investigated in addition to the basic technical details of the examination, and the
following results were obtained:

1. For the dynamic imaging studies, it was found essential to improve the quality of scintiphoto-
graphs. This was made practicable by reforming the techniques of injection, detection, and making
scintiphotographs on which a dynamic event was selectively exposed for several seconds or more in
order to accumulate enough counts, with reference to the peak time of the dilution curve. On the
other hand, for dynamic function studies, it was found important to improve the quality of the dilution
curves and this was attained by setting up the selected areas of interest precisely and correcting for
substantial count-rate loss following the high count-rate.

2. The scintiphotographs mainly revealed morphological changes, i.e., defect, narrowing, dilata-
tion, and so on. The dilution curves mainly revealed functional changes, i.e., circulation time, re-
gurgitation, shunt, and so on. In diseases of the lung, great vessels, and pericardium, scintiphotographs
showed more distinct abnormalities, while those in hyperthyroidism and angina pectoris showed up

better in the dilution curves. Both revealed well-defined abnormalities in the arteriosclerotic, valvular,
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and congenital heart diseases. On the other hand, both were useful in complementing each other in

detecting pulmonary hypertension, regurgitation, and shunt.

3. Recording radicisotopic angiocardiography is very useful as a screening procedure for diagnosis

of the diseases of the cardiovascular system and can be practiced so easily and safely even in a child or in

serious cases considering its technical convenience, absence of risk, and low radiation exposure.

I #% =&

19654 Anger %L, gamma-ray scintillation
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fE ®=Tc XiflAbesd & Lic 22T, DKM
Ho MiEEE%Z R 1 © dynamic image & L-TH#E
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HEEE 1 W LT ““‘Radioisotopic Angiocardio-
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1. Recording RI ACG DE{EHiE

F+J°, Anger type @ > v F s 2 5 (Nuclear-
Chicago, Pho/Gamma HP) ¢V TR (Nuclear-
Chicago, Pho/Gamma Data Store/Play Back Sys-
tem) WEEEL, 140KeV BARRAETE(T15,0007%
2 Y &= 2 =T BRHEY, B TR
Lic BB O IERBTEE A S & 5.
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o RI image data % R4 5 — 71 IUEE Lis.
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7 — 7 bOE LTS, T RI image
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ElLl. ®E, BKR7— 7% BET5 HE, 2
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3. RI image data g H1:
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Table 1. Abkreviation of various points on RI

dilution curves through areas of interest placed
at right ventricle, lower lung field, and left

ventricle
e Position of o]
E ] — [
== area of interest o B
2B b =
. A h At i:
Point T s 3 E|° T 8
on the curve e el Rl A
Peak of the first
Prv | Pp | Py

circulation wave

Valley between the first and
the second circulation wave
Peak of the second
circulation wave

Flat portion of the curve
after the second circulation | Egy Ep | Evrv
wave

Dgv

RRV

R % control L HIEHBIC D & Hiltiat
THRMIY, EFFERRBHOBIHE A DY
DR E% 5= » 735 LIk, Bk H Drv/Pry,
Rev/Prv 36 1 0% Exv/Prv % 5H L, wiciEsth
Pp/Pry & Pry/Pry %, thrthiimgl: Erv/Ep,
Exv/Evv 1 X 2> THBHIERO B S50 &tk
DERYHMIE LT, BH L.

K C, Fige 1R300 & Fik o4 MaETEER
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Fig. 1. Determination of build-up time (tap) and
disapperance time (t,q): t,, and t,y are obtai-
ned as the difference between t, and t,, and
between t, and t,, respectively.

Ve D EARGH tap & WRBEH toa RWEST 5 L5
T, PIEITEERE D LT & TATH O AR O BH%
RNBIDI, BT EHEDEL toaftes (5
=, ¥, EBHHEREHC OWT, Fhzh
Trv, T, Trv E35) %37,

Wic, ZMOEEREOHBRE» S P ¥ T
ETHE P SDECOTHMIOWT, Fhe
HOEHBAOEMRS D ILRE -2 S OHE
DFE% control & ZFEREC O THBHRET L
B
b JEBRIGHE O FE
FROTRBRRAE AL O ZE R MR 351 5 FIE1E B
€ — 27 Mo 2% (sec), B peak to peak
DB —/E BB RV-LV, fH5—if55eg
6 RV-P, li—/=SSfRBERT P-LV &, R
W7 BTV ERRR AR i bRk, ER—
FEETREREH LA-LY % FhFh filE L. &
2, %=Tc J: ARG & Pry Bids O HIR—4 51
IR O-RV %, %7z Pry [ & Rev s bAEE
TEERIG[E RV-RV/ 2 29FhEH L, control }
FERBRE L O THEBWRE L, 20, #E
TERBE € — 7 DERIETH BB, 2ihv —
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12,
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Erv, Evra (cps) 36 X 0% chart speed M (mm/sec)
b, HE, EEPFICEBHHEE Qrv, Quv
BV Qua (Ymin) DL LT, FhEh
Q’rv=Erv x 60/Arv/M, Q'rv=ELvx 60/ALv/M3s
LT Qra=Erax60/Aca/M il L, HEwew
TAHEZED HHEL Quv/Qrv=Q'Lv/Q’rv F5%
X3 % ERF © L Qua/Qrv=Q’La/Q’ry
BIVERHT 5 £EO HHEE Quv/Qua=
Q'uv/QLa T T FhRdie.

Ch bOTHESR & Mk % control L&
BRF L oW CHEBRH L, Fregfbsok
& T LT LHEERGRD SELRCE T 58D
HRAL & BEE DRI > R L.

4. BHEXS

DER, XgEPE, Y- R Y,
fill DFEBRAE v C W OTERE Lic MR 106 (>
b, W% 3, WEES 2, Zofis), ke EE
660 (5b, EXEIRERR 2, KEIIRSERR
2, TOfB2), OEEKSH, FIREEEEEITHEE
8B, WEMEM:CERE 8 B, BIREELEEOZEE 4
O, Bk OBREIBH (5%, FbiES, OFE
ZE8), A OIREISH (5 b, (MIgRIIES ,
EIEFPASIR S & IR SR8 214, KT
IRABAGIT L & KBIIRADAEHEAPAR L 11, (i
FRAEGRRBIIRAPABIR L 2) 3 X O eFKHEDE
82061 (5, MBUMBINRADCE S, LEFRXA
6, LEPREXIES, Fallot pugh 2, BIIREH
2, Zofb2) O IBEER 1095 %, T
control 2 LT, FEFK LB HasinJEEREE B 5 \ 10
R DR B R R T\ 18KED HE3HR ¥ T B 2147
& TR DR E TORBIR 5 Blang feit 13561
ZRFELic, ELZhLOEFILR I AL
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Pho/Gamma HP oDf7{E4fi#felr, =V 2 —2
—ZITL, oWERRAGR S -7 v ol
¥oTe fREH AT LS 4.8mTHD,
#€kD Pho/Gamma [ & H~T B\ fi# g 1% R
L.

&z, Pho/Gamma HP D H iz 140KeV &
SREE= ) 2 —x —EWM DT, ZoRHE» D
5 cnfiff LCE W B 116ml @ 220 £V i
%4 TmCi 0 " TcO, X Fi L, LTORVE S
SEHEEOREAY 3, 5, 10mipELT, Lo
VTRZMEETNTHE LicE D RI image &V
TREBELTHELLODEFHE LI LD A,
H D L A I 5 mfEifE A T e A LT H
EIT¥, FHOBRICH SR 0ErRbix
oto. B, HlEE 2200 RV ¥ o FEEEAY
10, 15, 20cm & B L CHE L4 G2\ H
oW 2Tiol & o b, FERENEEN B I
AV FBORLD “E}” DENRKELIRD, 10
en D FEEECIX10m[EfE 2 5 M E T X o2t
" BB AMELTHE D, 20emd BEEECiE
“UET" OEIFEIR L VHE LB olE030%
AiERC @ L, 10mofiifE %4 < /Bl © & fedo
. =05, BEAOMRESRENRY o SR X
b, TOLEFHIHEE  FAE Lic B & ERE
Bk, 6B, A%, WBIRE®E, £5F, £k
L OB KBIIR D& PR % COEMAHE TS
L, FhFhi18.5, 14.5, 10, 14, 14.5, 12% X
U'16.5enfiitk & 72 5. 2T, DEARER il
B WL O A BERTEN L B R W 2 E 2 Bh
0%, EREIRCHEBREIRT & BWEE O B
T “E0” ORETRL R TRE HchiES
h, Th oA OSHNE AT TE W EE
zbhb,

2) RIFEAKE

RI ACG %3E@infyicREO LW R I1RE L

HAEFENMFE SR H35E F15

L=, Ho RI image DE# A T %
X5 EARGECOWT, EARM, BEASES
TOWAFHE R Ui, oS8, WAL
DA~ FRIRBRRE D LEB A\ R R
Hote. EARE, EELREYTOCHELT
HiET 5 cdic, AT3ml T, /pET1ml
FEs208n sy, REFROEFTG1I~ 1.5
ml & L.

¥io, EAFHE, Fragsoditi Ak, Oldendorf
B DHIE-T% abrupt cuff-release ¥ s k08 <1
JEEAPRIC flushing 200z % 3 o Huii
Alid s, BETRVERE LTHILGERH
Tz,

Ll P AT Ek % FI TR LA control 214
DA FIARENGE O PIETEED FITHoYat w3k
Wick A, 2.62 0.6BDENE BN

3) A ¥mTc ok

$9mTeO, & P=Tc-HSA o HEH D Aol
YIS AT TERET L L, MESFENOH
RIS B sk < S5 L3k, B SR
~EHCHHER S Z LD bRt oIRF L,
BETHAL L 8HBIERIB TRD bR D X
5 To e 7 — A S~ D TR E 2 fiH Uinasoie.

T, S RSO IEH 7 RV-LV 6
WRIE D B4 DA Z AT AT O B & 7
AL, %TcO,, ¥»Tc-HSA 35 k78 1I-HSA 0
MR AR Lick 25, Fh%
NEEH# 1 0B %1.0083% &, ®TcO, (8 )
T 24rE20.897420.02, F7-74rH #30.671
0.02T Hole DIl Hf L, *=Tc-HSA (8f) &
IL-HSA (5@ TiX74H2 Fh £h 0.861
0.0220.8840.02& 78 b, BN E I
EATEMCE L. CO&E LD, ®nTcO,” X
¥nTe-HSA @ [firPiHIGEE D 3 L2203 fE &
h, ¥ic 9=Tc-HSA r BIL-HSA o Bty
BREME R FD I CORBE I IZEHF L\ EF L
b, Hic, ®mTc-HSA o 7 4B O il liditf
PERE VIR R 2 &4 L JHBE D 92 TeO,”
YEALCRO 24080 £hvd dilT5 E Bb
h, HER O ERMBRRC Y0 T, ¥nTcO,”
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DA 245 H D P> T ¥Tc-HSA nif
AT HBOWECHIGE RS Z Ll kEic#E
W Liswv EFE 2

4) BHEOWAEMA &R
BEOBEERAIIFI L T5 LIRILELT
BETE. LrLl, oA COEBERED
FICRRC TR 2R 2 2000 5 D, FhoOBoOME
DIBERLI A < Po i A7 A7 LR DRI X T
FERIOGOERL D Ak  Tn B HE R R,
Bt e LT, B lsAEfinc s L
TR HRIchOTEERR ORI imageid, Fid B
Zlcth END &, WoLE & OSERIcsEs
Hich 2@Dd50, EXKEIRY S ABIRcE
% MFEEYRE % Flehy 5 < 208 Uil L, #icl
AL E DR ANCHER O RIBERIE Lo TEL
DLEBHIEOED & HEET 5 EpiTxie (Fig.
2). SOMBRBELEPR AR Licb 0 s E 2

(1) Left anterior oblique
view (2) Anterior view

Il -
L —

AO: aorta, LA: left atrium, LV: left ventricle,
PA: main pulmonary artery, RA: right atrium,
RV: right ventricle, SVC: superior vena cava.

Fig. 2. Comparison between anterior and left an-
terior oblique view to the image on RI ACG.

b, control T309~45°, fHEILEMT45° L
b, ERCESEIEEGITI0° B OLERHT HIEL
7z RI image I T Zh Ehiid Wiz
T&f. £I°T, SROFEFICE\T, Kt
XHEACLLER L BB, FALEOKE
SOMEBIRAHETE L TR O ML L 2 - &
Th, TOTNTOEFTESDLE YR <48 L
THET % 2 L TE . L L, FOMoER
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Tl —F icds® TR Licicd, 6 BRRO%E
Pl TLEE R A IR © & T ot

=77, WIHER O it o A7 S <o OBEW T O
i Moo ik, R & ~T, EfEAR
NN GO BT R A X b i i 227, fib
75, ERNIDTRCEARE & oSN K E B
WSk EIR e & D%, 9nTe O v4— 2 F — 2K
X, B2y vsh 2 5o inEnizg, 3%
B X R SRR, T OREAERH S By TH
MR 26 b T2 2 L HH cho
fie.

5) ¥ vI-7 » b ORI

control = #mTcO,~ 20mCi % A LTH LR
fz RI image data jco\uT, FHEHHFFhEEO
HURE s> D TREBRNE i BLE A2 0 R (158018
i) © SEFHBIL2 X108y v U ETH
ofehy, ORIl BMEoidiis v 7 PR
BE, 7V — a0 RERGEHEUL S x10%~ 2 x 104
Ay v b Einofs, OB, 17 L— A8
Bl <100y v P UFCHS &, hOTERR
PP A LA DB D CARBgE E fe b,
O R V—L Vo R Uiz IEF] i3 & #W
TH2f. LT, &6 O FRIMEEIER
WD v — 7 IRt 3 ~ 5 Bl B o RI image
data # R LCRE LIl h, v vs 7y
b @ R VL control |7.T 3 x 104~ 1 X 10%%
vvh&inh, POTERRE A SR X b
Wil c i, LT, r—F i, A%
T AR ARG BRDE D HBIRE ihs S G o> %)
[BHEBR © — 2 BFERT ¥ © OB ©_E R8I & 0
WA N 2 T A8 %, R BT 348 o> ) al Bt ik
- 7 EE bSO BERE LRES T
DR TS KTINRZ I 2 fc B8 %, T b
DR & #ifE L TR LA OO Y e T 5
CENEEDE XD 5 & TR TH D
7z (Fig. 3).

—75, DB ORI S 70T, B
WD © — 27 Wk BHFC, ik crsg
DB E Ry v 7 4 bR b IRET B LERN
Hote BT, EXRER & R -3 o iR
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| Chart. Spaed : 20cm i
“Time: t‘.‘aristalmt:: 1.0sec.
1 0501

RI dilution curves of the hemodynamics in the AOI placed at right ventricle (RV),
lung field (P), and left ventricle (LV).

a:

(1) (2) (3)

b: Scintiphotographic images obtained with reference to the dilution curves. (1) Right heart phase,

(2) Left heart phase, (3) Both total phases.
PA: Main pulmonary artery, LA: left atrium, AQO: aorta

Fig. 3. Image integration method for dynamic events of various phases decided with reference

to dilution curves

HomHic Yoo T, BB T BB L E CERATHEN S [HEERG | »RFETso
LT LT, EANC#R *¥Tc 5 ~10mCi P IS H O BER B D AT T H o1
FHEHE LT bRz 290 RI image data 75, 6) T vF 74 MEOEIERL I &

% DXL L oT 1Y vaE7 4 b R 1mlz 2 By e 9TcO,” A el Lz
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BE AN, chboE»s by v 7 5
FMEOfEIRAE L2 A, 1/7.50 flix{E
t2. Zhizs LC, Photo/Scope [I (Nuclear-Chi-
cago) #wfH\THiof: life size D> vF7 4 b
X, fERD Y vF T a b A, BBIRREL,
F o XEME & O AT RE T H DT

L, WFhoyvs 7 4 bW ThED
FFRCPEE g0 @affoTtuie. chikfgo
PSR A Rl T2 Tl <, BoRKE %
BT AH LTk EcfiEL ko, A, EFE
DT T AF o ZEIBCEEX 5m ¥nTcO,” & A
NAHEREAHWT 99" BomeilE Lk
5, EREEFEORIND B\ LC P T OFE SRR
O EFEFEST, F O NEL BEE S
BoRD2A0% AV TR U ELIcok. £
T, @oRE ROy vF 7 » FETHETS
CMeD T, Ko vF 7+ F OEFFHELCR
TOMSME A T 2R —EiCT 5 X 5 /K
L7,

7 AEREEER O RCS T ik

WEAOIDOAKE, KESEIUBREELGR
BRI OBk X e bz i,

%z, RI image data ® 5 B7F = 7 L L
THCY Y Lic e FTemicd h, Bofhoi
freo |\ BUINE L Ied X5 efiE, K
XEBLICBROAO I % BETH L 51 B
L, ChiZEOMEVTRDE=%— T RI
image X Hija CHIZE LMERR Lic.

HE, Wk XOEBMMbOWA & NTKE
Tefga 2L, ThrhEMOE L 0B 2k
FhEicwd, AOIDRENEKET, Bbhbd
FHREBBOE L oMo Zh LIENTRELT
Hh Tl L L, R ThAEIROYETER
W TAT I TS & A8 S5 oo B e EBREE 17T
& ORI o SR B A R E i h o
o, X5 e o\ EFC LTk, 55
haFFREO ©—27 B34k &b AEFTL
Keps igs, FEET 0.5 Keps Pl b X5
W, BEAOIDKEZZ/NEL LT, BETS
LB KIME 2> b OHGE DA T & 51200
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FA Lo Lic. —%, EXEIREREOFHF
BB L, ToOPRIERBECRE -7 elo
EBHDRD LN LYEE, R IFEAHEO RS
BV RERO IR TO R I DRE 7 pooling 3
HOTebDE LT, MfErdd TR HELI.

rate recorder DOFFHEC X5 EHEMET, %
scale range L &4, + 5 LI T OFERFHCH v, il
JECE B4 {57, chart speed %, RV-LV %
AafE Lo AEFICIk50em/min, 3 JEFIC BER: L
THEMCIX10em/min EGI D2 fods, A -—-F v
LS OHEERE 2 @Mk EED0F ¥ — b
T ED TR U, BB MRET 4 g
%A 5 % T20cm/min AFMTHOF. Fio, time
constant ¥, RV-LV 234E#E Ui-fES i 0. 1sec,
W LR Ui fEFICLE 1.0 sec 2 H)h#ax foit,
5 D&t CHEC iRk LA RR o £ 7T R4
control s Ik UF SR LB IZ D T HBEKF L
fokZh, WiHTo £ O-RV T
FIE —F Uictzd,  BhERIETF o $igiic & wa T

/DB
5f /?m
4
1/ /
4 /
/
. /
At
< 3 / -
X ot -
s v
g 07
5 77
s 2 LAt
K /hV’
Y
! ﬁ
5 10 15 20

*"Te radioactivity (mCi)

Fig. 4. Relation between “*mTc radicactivity and
direct or replayed count-rate through the whole
field of the detector.

De: Expected direct count-rate, Do: original
direct-count rate, Re: expected replayed
count-rate, Ro: original replayed count-rate.
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o d %0 1.0 sec oL —F i Fvfc, L
L, RV-LV ofG#Hel & Mtk opiis: Bhh s
FEGITIX, o MREHRED R4 X b st 2
Bicd, 3 0.1sec THELHE L.

8) YvFHhAFTLEVTRIEETAHEHEDIR
&K EZOHIE

YVF A AT OEHED S 7 enj Uiz ¥0Tc 7
B HAFR LT, FOMELRE ML b 04
o L OHAERROFBEREANE Lick 25, Mg
D HEIMAHE 2> THGE TR AR AN I35 & 36
i, MEHEREcIziE—E DS RN %%
amebic (Fig. 4),

MR DML v 7 25 L VTR
DAV AR X5 B L Hgchk
THLE2Z BRI 22T, bibofERyiicst
FLTRDIEDEFERn LERDOAEFHEEM

(1)

AARESR S B35 H1%

/

20 25 30
count-ratz (x10%cps)

Fig. 5. Correcting coefficient of the original re-

played count-rate to the expected one
Enb n=m/(1—mTr) Kz ff>TC BFE Lz &
A, S A fiRREE Tr ik 9.6usec & o b,
A= —DRFEE12psec L IEHHEMED 55

a) Negative image of the main pulmonary artery in aortic insufficiency. (1) Right heart phase,

(2) left heart phase, (3) both phases.

1)

(2>

b) Negative image of the main pulmonary artery in mitral stenosis. (1) Right heart phase,
(2) left heart phase, (3) both phases.

Fig. 6. Negative image of the main pulmonary artery
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e,

—7, WEBEMOER, R -7k
“drop out” Fguz KT HLE 2 bh, 45
Rt LTCRIE—EDEK (3~7%) THEL
ARY N

P T, FARZEERIL " Te Hgtpe o
B2 T 3 x10%cps [k E TIk EEANIT EH L
i, Fhiklz s &5 Lok
D, 1.5x10%cps TR TTFHEh 5 HOEF
PRt LT 108.8%, Tz 3 x10%cps Tl 145
2% S OMIEAR 1T 5 MED B 27 (Fig. 5),

Wiz, AOTMN® 4R LU FLERKO FHEKE
®oTe Jhige & DBIRIC 2>V Th AR F 24T
a2l TAH, MR © SIBEHE A RE
B, AOTDAE I LINEMFIL, &8N
D ORI HEI R Ui & kO EIE T4 b L.

F T, BERGTEROEREAWHITET 5709
12, EEEN ) OFEERL L FHRIG L EART
B L, BEOWSE & iEoR—KHEONE 2
b, Fig. 5075 7icft>THIIE Lie.

)7, WR 7 — 7 OEERIFIC X 5L
h&AO ITHDOFHBERDE LY., [F— data
ISR DR LTHAE L, TOEEDFHEEN L
TR L 2B, WThofHE L HLEOETIZIE
—EDEE ThT o0 W Lich, @
X LT15[E [ T 4 %550 %% R ¥ 7epo
o, #2T, Y vF 7 bR IUHFRMBOMER
WS A AL (5 [IFTHE) 2 b T, 4
{EIC & 2T UBEHEER ORI LTIl
Nz LE e\ EE L Bhi.

2. FRRMBGT

D YvF7a Mk AEHEER

a. Ko ReE .

control {2k} % LAk E BT AT RGO 2
IS Ll S h, thZhETRETHL
IR OER A RSB TL D7,

¥, BEEIARIEAE D dfi B s h, %
DIAER D DELRITHIRE % Peed T MBIk
HABAT Lic. AIMEIREEE, B & e
i HOME A K LT, BHigciimshs o &
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i ot

KMEF@ORFITR L LTk, AR
0% R REIRRERERE 35\ T, KEIIR O PRI @A
KERRIEEREC 35\ T, KEIIRE A O I555
DREIRFFASIA I I\ T, KR D EETT 2
KEIREALGI B\ T, FliBhIREE AR 2> & ZERTiB)
IREEA~D T T O IRGR Y MR A
M OERBIC 3T, T fiihiciEnilo s
¥ & U HliBhIREE I o> HRERG: 4% BEY ItBhRR P2
Fallot PUfific s\~ T bivfe.

—7, KRk b oilksEf (Fig. 6)
DFNTIIB\T, Zh&DIREMA ST 5
I EhIR 3 S R AR DO I (R 4 7R 7.

b. Lo B

control X HFIHBIIZ BB ~vF7 4 + ED
5, ERR XOEERE (m) (X Table 2 2759
me chs.

control {2k~ T, FEHEEIESEEBD FHEH
WX DY, FEROIIEE B 2 THbE S
ABH Lo wd, HEOINE S D58, H
FlROIMUERA B L, WO MBI A A
BAeBlZECcE L. FFIRESI RV-LV 0ZEHic
MEF Uic #fOEHE © BB bhi (Fig
7a) AR IR SR O B EIE A PSR
LETEEIC, ¥l RV-LV OIER Ui 058
THRE ~ ORREICFE bt (Fig. 7b), LAFILE
B MIEMEE TEEC, ¥ o XEIIRAEB S
RBEEE R T RS 3R Hhiz (Fig. 7¢),
W, EEINERGCKEINR A A A 4 TR R,
¥, OB B B\ IXBIIREE (L
VeOEBRs bhie (Fig. 7d),

c. N%F (Wfimik) oy

control [ dsiT HIEF %, Ml Jiio s
Fih T AE e pk < Hili < h B R ED S
fo. Eho, WOBHEF & & _EMERC L CTRGE S R
RERITIE RO AT AR LT,

it o Bir L LT, KPBGE« O ks
(Fig. 8a) o KBRAEREE (Fig. 8b) @ ku
Tid b, ¥ 1o BN o THiERc %34 2 g5
RO MR 5 EishE R = MlEARERE
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a) Dilatation of right atrium in mitral stenosis with aortic insufficiency. (1) Right heart phase,
(2) left heart phase, (3) both phases.

b) Dilatation of right ventricle in mitral stenoinsufficiency. (1) right heart phase, (2) left

heart phase, (3) both phases.

c) Dilatation of left atrium in mitral stenoinsufficiency. (1) Right heart phase, (2) left heart
phase, (3) both phases.
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(1) (2)

d) Dilataioh of left ventricle in aortic insufficiency. (1) Right heart phase, (2) left heart
phase, (3) both phases.

Fig. 7. Abnormal images of the cardiac chambers

Table 2, Diameter of right ventricle (RV), left atrium (LA) and left ventricle (LV), and
width of interventricular space (IVS)

— D.amé'm‘rﬁ” RV (m) [ LA (m) [ LV (m) [1VS (m) |
Subjects T N __| mean® SD mean + 8D | mean +8D | mean + SD |
Control [ 6.0 0.8 ] 3.9 0.6 5.8 0.8 1.4 0.3
| Child control 42 1.0 | 30 0.6 | 3.8 0.4 | 0.8 0.6 |
| Diseases of lung 65 1.3 | 48 06 | 6.1 08 | 1.5 0.2
| Diseases of great vessels . i - -
| Pericarditis 7.0 0.6 | 49 0.4 | 6.8 08 | 1.8 0.3
Hyperthyroidism - 67 1.0 | 45 04 | 6.5 0.8 | 1.7 0.4
" Hypertensive heart dis. | 6.8 0.3 | 6.0 0.5 | 7.0 1.0 1.7 0.3
Arteriosclerotic heart dis. | 75 0.7 | 65 1.0 | 85 05 | 2.0 0.1
" lschemic | Angina pectoris | 6.8 0.5 | 45 0.5 | 7.0 0.9 | 1.6 0.3
_heart dis. | Myocardial infarction | 7.0 0.7 | 47 0.5 | 84 08 | 1.8 0.4
i Mitral stenosis | 8.6 1.7 8.8 1.1 7.2 1.1 2.1 0.5
_E,}-{ Mitral insufficiency and stenoinsuff. | 9.2 1.9 | 9.1 2.6 | 8.4 0.9 | 2.0 0.4
[ —i ;«: Aortic insufficiency and stenoinsuff, | 8.5 1.7 6.3 1.1 |10.1 1.6 22 0.3
=2 Mitral stenosis with anrtlr insuff, 9.5 0.7 9.3 0.4 8.3 0.4 1.8 0.4
| = | Pure pulmonary stenosis 6.7 0.5 | 3 0.5 5.5 1.4 1.5 0.1
| 58 Atrial septal defect 9.0 2.0 | 55 0.7 5.7 0.6 1.3 0.5
St | Ventricular septal defect 78 1.0 | 5 1.0 | 6.1 1.7 | 1.9 0.7
| S2& | Othes 7.3 2.0 _|___4_ 7 1.1 | 59 06 | 1.8 0.8
(Fig. 8¢) 1w\ Tid bk, », \:m-i:“"‘fllﬂk"ﬁfﬁ‘illf‘*fr%»ﬁﬁﬁl,&ﬁ%if:
d. [ iy s o BE&E O [Jik, control 2 ¥\ T
control {Z 35\ C, LM SO Hfzc X8 1.4%+ 0.3mTH2MD :.i‘fr L, FRlEtEeRaiei
L ic PR A R in oz, ikt LIOBES DUMEBO SHAN B\ T 2.0mPl R L7e b, &
CRWTE, DI R LT, DR L hORBTOLERKDOFHELRET DR LE
UG AR 35 X OF iRl ERE 2 J-JJ 3 o
Lic. ¥, KBRS S c i b e. FHEHERHGO B

WT, B EL rhlﬁi?iﬁfa‘x’l‘n‘]idﬂibﬁs?gl“a‘]ﬁﬁféﬁ%:ﬁﬁ control s\~ T, ¥nTcO,” FEABEH RS H
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a) Defect of left lung field in left vanishing lung
(both right and left heart phases).

(2)

b) Multiple defects of lung field i

. (1) Right heart phase, (2) left
heart phase, (3) both phases.

¢) Relatively high accumulation of upper lung field in mitral stenosis. (1) Right heart phase,
(2) left heart phase, (3) both phases.

Fig. 8. Abnormal images of lung field
AR BB IR D 2 &% BRE, K

Wt s EARIREEBRIEC S\ T, ¥ BB g R
B, DPEE, Nt X O it Do e B o b PEEXKEIRERIC S T ERFRED D,
R R rfa“zsb fe ot f. @Efroms
BRHFERBICST 2 RE4RiEE LTy, B G DIRB A B\ T, EROMEBEST
M 7 — AR RBIIRBIC 35\ T, %5 LicfilEl

[ X2 T~ o5 I S e,
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Table 3. Height ratio between various two points of waves on RI dilution curves

s Ratio Dnvd"P RV ano.-"Pmr ER‘E{‘,PR\' P:.vé( Pry PP.-'PG RY
Subjects _“"'--—--._h,,________x 7% -0 Af 4 2
— | mean=+S8D | mean=4-SD | mean=SD | mean-tSD | mean--SD
Control 15 I’ 26 7 17 5 5 5 78 7
Child control ' 16 6 33 7 18 4 8% 8 83 15
Diseases of lung 17 6 27 7 18 6 64 16 67 16
Diseases of great vessels 6 7 26 6 17 6 71 11 70 12
Pericarditis 17 10 26 6 16 2 7% 9 74 8
Hyperthyroidisra 14 6 26 7 18 6 81 8 78
Hypertensive heart dis. 12 4 25 4 15 2 74 10 70 10
Arteriosclerotic heart dis. 10 1 17 4 14 1 54 14 56 8
Ischemic | Angina pectoris 14 7 24 2 14 4 7417 68 15
heart dis. | Myocardial infarction 11 3| 22 1 ] 16 2 | 66 13 | 67 11
Mitral stenosis 13 9| 24 8 17 6 | 64 3 | 66 10
EE Mitral insufficiency and stenoinsuff. 18 7 25 6 18 7 57 1 56 10
-% § Aortic insufficiency and stenoinsuff. 18 11 25 11 19 9 54 13 54 15
> Mitral stenosis with aortic insuff. 15 3 24 4 16 2 58 5 56
3y Pure pulmonary stenosis 17 2 21 3 17 2 75 3 T4 6
Bk Atrial septal defect —_ 26 6 | 73 13 89 11
Py Ventricular septal defect —_ 20 3 7% 8 86 13
S2 [ Others — 25 10 | 55 9 | 64 7

%, LEFRRBE—AERGITX, £OHE
EHRDIFLEDHY v 7 # Mok TR %
CHiEh D &3k, By vF7 2 Fie—H
WL Te2Ic R L ABX BRI il X hic. D
BEFERIBE—BERAITI, EOlEY vs7 5
MEERWT—ER L I o AREAFOHE X
oo Efe, LEFEBRBEE—EEHRGIT, Ao
MY v 7 5 FRBWTESER L OKBIFES~D
B bhie.

%z, Fallot pugh 2 4l & BWfnLEPRRXE, N
BRAPIES L OTBIRFAZE % &0F L7 simple
transposition 1 @G, AHLHY v 7 4+ biek
“WTES~DEHFBRI KB~ D Fhh <
BEI . ¥, BRERE 20T, 08
YVF 7 FCEWTRPTRCER i S ol
BRSO v F 7 3 MiCk T Ho
KBz xRl

2) FRET k5 mEER

a. [Wh#RdEE o R

control DA%, [ kO EEHAFET
X, BIEABAPIBCHFITEIen, FBED

P35 RV-LV 0218 L EChofe 7 fil & 48
DR BLTHIFR 1661 3\ TAEMA TR ©
% D & ROHFIH To3' Lasofe.  control &4
PRI EsT 5 Drv/Prv, Rev/Prv, Erv/Prv, P/
Pryvis X O° Pov/Prv @ #iEGHAL Table 375
T ThHB.

control & tb~T, Drv/Prv, Rev/Prv IL4&EHE,
B WTH B EERE RV, Erv/Pry il
B CEBI. BT S %, #i PpfPryv &
Poyv/Pry (ZARIGEERETTHERE W S0\ CRAME S,
AR ORBIC ST EEX RLTw5. &
2, gt BT R T Pefav 7% Poy/Prv X
DREL L HHEMZED%.

control L HZFEHBIC B B45%, MR IO
EETFHTUERD tap, tpa &Try, Te 35 L Toy
(& Table 4 1Z;R3 1< TH 5.

control & HA~T, BYIREELY: & FrlitE @ O
Bz B TAERATRIRD tap HEREH tap
Eotpa BIERL, Te & Tov & HBEHBEME /e
b, ECZh boSEAT Te < Ty 705 MY
BB, i, E—REEEORE TERE ta X
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Table 4. Build-up time (t,,), disappearance time (t,q), and t,q/a, ratio on RI
HH"""‘““-----._,__“_H'HI"iime or ratio RV Ty
Subjects N tap (seC) tod (S‘Ec) |

~ mean + SB mean = SD mean <+ SD
Control 3.6 1.2 17.1 5.1 5.2 1.1
Child control 3.3 0.9 13.8 2.4 46 2.1 |
Diseases of lung 4.2 1.5 17.3 4.8 4.2 1.3
Diseases of great vessels 4.5 1.5 19.5 | 4.7 1.0
Pericarditis 4.2 0.9 18.3 3.9 4.4 1%3
Hyperthyroidism 4.2 1.5 13.5 2.4 3.7 1.6
Hypertensive heart dis. 3.9 1.2 14.1 2.1 4.0 1.4
Arteriosclerotic heart dis. 4.5 0.9 26.1 5.1 6.2 1.2
Ischemic | Angina pectoris 3.9 0.9 22.8 3:3 5.9 0.4
heart dis. | Myocardial infarction 4.2 0.6 21.6 8.7 5.6 251
e Mitral stenosis 4.8 1.8 5.2 17.1 5.2 1.8
= Mitral insufficiency and stenoinsuff, 5.1 2.4 36.0 25.8 6.8 3.5
'% § Aortic insufficiency and stenoinsuff. 5.4 1.8 25.5 11.7 4.9 1.2
¥ Mitral stenosis with aortic insuff. 4.8 0.6 30.9 1.2 6.5 0.9
= Pure pulmonary stenosis 3.3 0.6 16.8 1.6 5.1 0.5
-g;a Atrial septal defect 2.4 0.6 33.6  20.7 13.7 5.6
gy Ventricular septal defect 3.6 0.3 17.4 0.9 5.1 0.6
82 Others 3.9 1.8 22.5_ 13.5 54 0.9

tap 1 LC HACIER L, Trv, Tr 3 X O°
Ty 268 (p<0.01) EEETH 5.

—77, &HAFUROERERRYE O LT & TT
e s0 2 ERFERD © 5 2 Elak, AEBH» L
EEFFREFCR 2ot LTz L
ERD Bivlehs, Bl Lizfii< control TiX /s
MATEFRT B T h ek el £h80% & 60%LL
Rrieot. Lrdic, GEkdLERIC 8\WT
W, EoEAL, ik L ORBERHIE L, Sk
PR & LA _ LT # i FIHo
BERRSO D HEEREIL, FeRFE—7
DB Aok, MY, OERRRBE—AER
BICIABEBCINLEFRO, * lEhiExiR
E—EaEgAcEERoFHRERo T s
A5 EMES D BET5 & et £ D HT
Py Qg B L THB T RE - 2728
B, FreZhbo B Rk il & ZSHaRihR
O T EROREEICI 7e 22 B bhic
(Fig. 9a,b), %7, LEPRAIBAE—EEKGT
RESEHARRO ETHoBERTS 0EfE L,

Pry Btz —8R L CHBL T AR € — 2 %3
Bz (Fig. 90). Eic, BIREBAFE T & S
MAREBRO THIHOESHMIOEME, Pr B
LU Py b BERFRIZIE RV-LV 2203 Ao
HeRAE -7 ol AR o (Fig. 94d),

RO 5 b, THHOERLTS OIS
B OFEBLTAIRI6M, BT Y- 2ol
RBEBLITHIRPI4ANC D, B Y — 2 103E
By oEfE > THB Lic. —F, Lr 7
= T T30 % LA E OB IR A AT A HICI TN
THREC— 7 OB ERD, —prer—rokE
BEREOKRE I I RRLTWBEELD
ey, KERE Hishr e KBRS s K a4k S
iR ORBT ST, EEMARE@RD LT
B gEd b s B e — 2 AL S 7 — 5 ks
BRD R ERRE " NS HiESE
NBEA TR Lic (Fig. 9e), 3B ImdiED
TBDE S FRE Lic A O T it 4 Rt X huin s
Dlcled LEL bhub.

control 23517 % FEF A RILKR D PEIAE ZEA N
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dilution curves of right ventricle (RV), lung field (P), and left ventricle (LV)
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P Tp Lv Trv
mtgapnci;c%D mtep;n(icgl) mean + SD mte?a‘t,n:(s-_i;C)SD m?;n.(;E;CDSD mean + SD
6.3 1.2 18.6 5.7 3.0 0.5 8.1 1.2 21.3 6.0 2.6 0.5
4.2 1.2 13.5 0.9 3.5 157 5.1 2 14.7 2.4 3.2 1.5
6.0 1.8 18.6 4.2 32 0.4 8.1 2.4 28.2 10.2 3.5 0.3
6.9 21 21.0 6.0 3.1 0.7 8.7 1.5 27.6 6.3 3.2 0.8
6.9 1.2 21.3 6.0 | 0.4 8.4 152 28.5 9.3 3.3 0.7
5.4 1.8 13.8 3.3 2.6 0.7 6.0 1.2 15.3 3.9 2.5 0.4
8.7 1.5 18.0 2.1 3.4 152 7.8 1.2 21.6 e 2.8 0.5
8.4 2.1 3.2 9.9 3.8 1.4 12.3 2.4 56.4 14.4 4.6 1.0
6.6 0.9 24.0 1.§ 3.6 0.2 10.5 3.0 33.6 11.1 3.2 0.2
6.9 0.9 23.1 6.6 3.6 0.6 9.6 2.1 31.8  10.5 3.3 0.7
8.1 8.3 24.9 19.2 3.5 0.7 12.0 5.1 37.2 23.4 3.1 0.9
8.7 4.8 39.9  30.3 4.0 15T 16.8 10.2 77.1  59.7 4.4 1.5
6.3 0.6 2.2 1.6 3.0 1.0 14.1 4.2 53.7 16.5 3.8 0.4
6.9 1.2 29.4 5.7 4.2 0.0 16.8 2.4 76.8 2.4 4.6 0.5
6.0 0.9 16.8 1.6 2.9 0.4 2 1.2 18.3 3.3 2.7 0.
3.3 3.0 32.7 6.6 9.8 2.8 5.1 152 44.4 12.6 9.4 3.9
4.5 0.3 23.4 2.7 5.2 0.1 6.9 1.2 31.2 33 4.6 0.3
6.0 0.9 25.5 19.8 4.2 3.3 9.0 1.8 35.4 15.5 3.9 1.4
Table 5. Central circulation time of right to left ventricle (RV-LV), right ventricle to lung (RV-P),
and lung to left ventricle (P-LV), and RV-P/P-LV ratio.
———————_ Time or ratio RV-LV (sec) | RV-P (sec) P-LV (sec) RV-P/P-LV
Subjects T ———— | mean + SD | mean + SD | mean + SD mean + SD
Control 6.0 0.9 3.3 0.4 2.7 0.6 1.3 0.1
Child control 3.4 0.5 1.8 0.4 1.6 0.3 1.2 0.3
Diseases of lung EEE: 3.7 1.1 3.5 1.4 1.2 0.4
Diseases of greal vessels 7.4 1.8 4.0 1.2 3.4 0.9 1.2 0.3
Pericarditis 7.0 1.5 3.9 0.7 3.1 0.9 1.3 0.2
Hyperthyroidism 4.6 0.5 2.5 0.3 2.1 0.3 1.2 0.2
Hypertensive heart dis. 6.8 1.3 3.5 1.0 3.3 0.6 1.1 0.3
Arteriosclerotic heart dis, 13.4 3.3 6.6 2.3 6.8 1.2 1.0 0.2
Ischemic | Angina pectoris 8.4 1.7 4.3 0.9 4.2 1.1 1.1 0.3
heart dis. | Myocardial infarction 9.4 1.6 4.6 1.1 4.7 1.1 1.0 0.3
o Mitral stenosis 13.6 6.7 5.4 2.3 I B 0.8 0.3
-g*f’: Mitral insufficiency and stenoinsuff, 17.2 9.3 6.6 3.4 10.5 6.7 0.7 0.2
% E Aortic insufficiency and stenoinsuff, 16.0 8.4 6.8 3.9 9.3 4.9 0.8 0.3
o Mitral stenosis with aortic insuff, 16.4 0.2 6.6 0.1 9.8 0.3 0.7 0.0
= Pure pulmonary stenosis 6.7 0.4 3.6 0.4 3.1 0.1 1.1 0.1
g-ﬁ Atrial septal defect 58 2.4 2.6 1.0 e U 0.9 0.2
%"g Ventricular septal defect 8.3 5.9 3.9 2.6 4.3 3.4 1.1 0.6
OE | Others 9.9 1.9 | 49 1.0 | 5.0 1.0 | 1.1 0.1
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a) Lefi-to-right shunt wave in atrial septal defect.

Sga and Spy are the shunt waves of the

dilution curves of right atrium and ventricle, respectively.
b) Left-to-right shunt wave in ventricular septal defect. Sy is the shunt wave of the dilution

curve of right ventricle.

c) Right to left shunt wave in ventricular septal defect (Eisenmenger’s complex). S_y is the
shunt wave of the dilution curve of left ventricle.

SR i o et

d) Left-to-right shunt wave in patent ductus arteriosus. Sp and Sy are the shunt waves of the
dilution curves of lung field and left ventricle, respectively.

e) Right-to-left shunt wave in tetralogy of Fallot.

of left ventricle.

Spy is the shunt wave of the dilution curve

Fig. 9. Shunt waves

BFFE) B 2 \ X HTEF O KB AL T Has ezt
WD okt i coEERE © —
Z RO L hc T 2 i 2 2T 2 FHA%
iasd, CAULAGFIE O A O 1 A fTEER O BhIRAE &
BRI E R 2 oted L E2 DRB, 1, con-
trol © P OPE 3 [ —flfili o _ERGE & T HHEFic
FXDAO I #E LK, FHEks\TLb
B EGE IR, N G0 OEBO—
T BN o Pe SSHMHNCE & oot 29,

b. fELRER O 8

control } FZEEHEOT BT B
Table 57”3 M1< THh5.

control b tb~T, RV-LVi3 RIS EEBE T AERE
SR OLE—HEHEOEBTER L, ks
O BHIBR B DB TRECER L
Twb. FOEE, RV-LV20#3I#  <it, RV-P
& P-LV (g3 B LTHER L%, RV-LV 3%
108 FiiERT % &, P-LV » RV-P =%t LT

RO BN (X
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a) Relation between RV-P and P-LV.
5 * Control
= Ischemic heart disesse )
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b) Relation between P-LV and LA-LV.

Fig. 10. Central circulation time

HxIY I HEE L (Fig. 10a), #¢>C, Table 5
WWiRT <, RV-P/P-LV | control |= H~T fp
Tt Do RE o 35B1FR 2861 & e M LR B O 176k
BHIT 1.0LITF L{EMEZR LT\ 5.

¥7z, LA-LV &, Zh % JI5E L{87 control
5l & FE A B O LH T, P-LV LizigfEE L
TR L7o2d, (EIESRASR 4 & iR PrgakEn
SRS TN B ERE T 5 EA2s L (Fig.
10b), EiL, Zh bofEE ik P-LV ot ff
Vv LA-LV &)} ifi—ZE B EBRFRE] P-LA OfER
THEENKEL L OTWB T ERADI. =0
X 5 7x P-LA OMSHOERGRGEFIR O mtEhE o
REYRBETAMALEL OIS,

45—(45)

—7, O-RV |% control }ZyEBIZk\ T RV-

LV & x<HHPAL, #BIRELY =+ 0.806DF T

(p<0.01) OEOMBI%R Licat, RV-LV ok
Fifbuhic b0 Eb2ox | 2R, i
Ik & AR O MfEEo¥EC LT LS ERT
Tehsoitc.

fibol5, RV-RV’ |3 conirol } £¥EAIC B\ T
RV-LV & JEHc X < ARBY L, fHBIEREL v =+0.958
DOFH (p<0.01) OEDHB%RL, RV-RV/ 0
BEC Lo THFCERDO B BT RYE B & LT
X frinofe.

c. FE, FERIOEFHHEHEEIO &
W HE

control - HZIEBRE W BITAE Qrv, Qv &
Quv/Qrv i Table 6iCRTML CH5B.

B L, EEEDEBIT ST 5 4EY, FEH
Bk EESAFEGE S R 5
%, Arv HB\IE Avy OFHAIDARIERE & & 2 TH
g LC&H%. control &, FRELEEE <&
EEHED Qrv & Quv INZFEHELWVERXEL,
control & Fo~, FURERBEAEITERE CRbfEi:, ¥
T EIIREE LM B R DA B ZE e & CIEMER R L
Tdb. 7k, Qv ik RV-LV ! oific b
KRB Sh 7 fHER R L (Fig. 11), OfEHiED
WA DR OIEE A T3 2 & A 7REE LT
5.
control 5| & BRI CZEBI3M D Qua/
Qrv, Quv/Qrv 5 XU Quv/Qra % Table 7 o
T TH%B. control X MIFRMANCISIT B K
fEIZIEIEL. 00 METH B Dt L, Fofio
FEEPEOEE D Quv/Qry, HIBFHBITAE S LU
g PRAE A4 & (S0 R PP E S R BDIRF B
B4 Qua/Qrv, BT KEIRFAEABA LR L O
KRS Pz PS4 & iR AT EIIRA:
PSR ZD Quv/Qua X FhZhAER (p<0.01)
CAEWEZ R LTV 5.

—J7, FEHEOEBSINCEIT %S Qua/Qrv &
Quv/Qrv @ BfRIT Fig. 12WCREND 0L T,
fEigApaED 8 Gk 7 FIASHEfE & $0.95LL LT
DR L, BIEAMSEAE S X O MBS Az
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HAREFR SR &M #3558 H18

Table 6. Q'ry, Q'Lv 2nd Qpy/Qgy ratio

sabjees """ | o0 | memi | momed
Control 1.42 0.16 1.41 0.16 0.99 0.02
Child control 2.38 0.34 2.37 0.25 1.00 0.05
Diseases of lung 1.52 0.68 1.51 0.39 1.00 0.05
Diseases of great vessels 1.44 0.20 1.42 0.23 0.99 0.04
Pericarditis 1.15  0.13 1.12  0.14 0.98  0.03
Hyperthyroidism 1.81  0.25 1.78  0.22 0.98  0.02
Hypertensive heart dis. 1.44  0.26 1.36  0.11 0.94  0.05
Arteriosclerotic heart dis. 0.86 0.18 0.81 0.22 0.94 0.07
Ischemic | Angina pectoris 1.24 0.21 1.21 0.21 0.98 0.01
heart dis. Myocardial infarction 1.01 0.18 0.98 0.19 0.97 0.02
“ Mitral stenosis 1.12 0.20 1.09 0.19 0.97 0.02
&5 Mitral insufficiency and stenoinsuff. 1.03 0.39 0.78 0.33 0.76 0.11
i §§ Aortic insufficiency and stenoinsuff. 1.06 0.33 0.77 0.16 0.76 0.14
= | Mitral stenosis with aortic insuff, 1.09  0.08 0.80  0.08 0.74 0.13
- Pure pulmonary stenosis 1.52  0.14 1.49  0.16 0.98  0.01

% & [ Atrial septal defoct — o -

%'g; Ventricular septal defect = o -

S8 Others — — -

Table 7. QLa/Qrvs QLv/Qrv, and QLv/Qra ratio.
— : 7

s ——— 2 | Oy e %D me P4p
Mitral stenosis 0.98  0.03 0.97 0.02 1.00 0.02
Mitral insufficiency and stenoinsuff. 0.78 0.11 0.76 0.1 0.98  0.05
Aortic insufficiency and stenoinsuff. 0.89 0.11 0.76 0.14 0.35 0.08
Mirtal stenosis with aortic insuff, 0.85 0.07 0.74 0.13 0.37 0.08

PSR D 140121235 fE & $0.95L F &7 b,
FIC KRBIRAASAE S X O KPR IA 8
Fe® 9Bl 5 6] T Qua/Qrv #30.95L k& 7x
D, TDOLEFT Quv/Qrv H0.95LLTF & 2T
5.

ChbofERI Y, A%, EER IUERHEH
BHEOXkE &L rh boHEBRIELRTE T
HLUMDFIEL LOMUERET B LEL DR,
B R TOUMOBREL LM LTw5 & Bb
na.

3) REBCRIBZYvF7 a4 b EFHRIMEE
D ekt
FEBIZRT Y vF7 5 P EETMEY, 5

BOEECHE O BECIOTERIXSB L0
o, control DIEFHTR & T, WEHB WL
R =TI A DR R AR S - &
IRT & e,

FMERECERE,  BIRE L OEER, DR
98, FPREPECER D B\ IR DR BRI B\ T
WL, Y vF 7 b ERAERERIEC A B0 RN
Pt RA BB O TH 2N, Eigth OB B
Wit Zh bOEBIZE T, OREOIRES &
DEBRRH OERY S X B 5 BREFHR T,
FRUBEREFE O Ly EEEA Tl A2 T ikE
BOIEYRD A Z L CE. 2 boFiR
Iz, WimEE & BIRELE O OEBOE
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Fig. 11. Relation between RV-LV and Q'py
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TREBOINES LT RS, ¥, FEEED
P B TN BHIR <o K BhliR DA D IEEEER B 5
WAEEFEHEREOIK EEBCHTHERS
EREOMPMELOETREORFHALRD, &
B OFT R LAERIE O A LEE T £ D
BEXZHT5 2 ERFHETHO. £LT, &
e DIRBIC B\ Tk, AEHE IR & BRI 5D
b, TR bOREETRD SO FE
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CITBERHCE . EikoRbRLERE .
R oW THEBRT 5 &, B Lo TiklT
Bl 3B BT T h otc et L, BEi Xk
D TRI7THIFRL6FIAMR I T &, R Sk
BERXVERThHEREBLD, KBIREE
Lo KRS 2 fEofc o3, MigEniEEsr
HARTKEIRA~ZEH L L, ESETHRERO
945 DT LA IR Lo FER S st

—7, FEEHEOEEB @R L ERBIZ S VT,
EHEREMR MERE %2> Tw 5 L Bhh 58
T, ¥ v+ 7 s b CHIEIREE o IREES -
THEF DA R MRS %, ¥ A-FRihfi© P-LA ©
FERVIER:  _EIE Pe ofExAy NS bh
fe.

by, Hiigerd, KimERE, DELD B\ il
HIFHEINRA BB o\ THE, FRRERAR & Hex, o
vF A M X DO BRI R YRS B D &
D%, ZOHREMH R h boEBORZE |-
FEHC HHT bote. Thiidine, FRIRE
BETCHERE <0 JULE B \WTIX, Y vF 7+ b &
W, R TRERRER o fEHE % 1ok RS
Qv DHEINE 7L P 7o & D B HinTe REFTR
BT

TDXBI, YvF T bk LOFREEON
REAY 3 X OBBERIRT R v Fhmh—H 20 e 4
BETDBH, FhOINBACHETS - L2t
—BEREHi L2 bhic,

v 5 #

R T #A5EE o CBHEL ~ © FIH &, 19494%
Prinzmetal 5337 2#Na L Geiger-Miiller 4%
% - CHIBIEC 313 % e O i E DB %
S8 L, Zh#% Radiocardiogram (RCG) &4
T CRERMCIGE Lz belhE 5. 0,
R C GI1% < DFfFeE»0 e X o> T ARz &
N [EERAYI BRgR &, (DI mE BB
dynamic-function studiesi - LT¥E R ENBHITHE
DTN 5B, f[f_J,jj‘, 19584F Rejali 583 18I.JISA
L scintillation scanner % F\~C DA /& g
- — % RI static image & LTHE%2 5= LITHE
L, LERFESABIREORESLTESZ L
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THRELTWS. Zhick L, 19584 Anger?:
PAFE Lc> v % 2 5 L 19644 Harper 553%)
D THFIRENTAER L= Tey 4 85 & Lic
X>7C, dynamic image * LT 2 5= LaiC
%% RI ACG 3t Shic.

RI ACG 12¥s1) % dynamic image DRI
%) Polaroid Film \ FBCHifs UCHE 2 HE:# -
[%35-mm time lapse camera T1 7 L —a % 1
BRI DR CHBERERT 2 HEL— B ThH
7odi, 19674 Wellman B4 3T c 5 L vy o
YA ATERNTV T RICET 5 LR L
2. BEVT, 19684 Ashburn H941%, (LI
1, KR & @ physiological cycle % 4iEi3 5
eI LR X' physiological data % dyna-
mic image X [FRFICIURETE, Nz CTRFTORR
HiR% 185 7cdic AOI mode #3#A L7~V TR
EEREL, ThEAC ORISR mitERED
dynamic-function studies # #4 LC\ 5. fih 7,
19694F Kriss 5203 Ju4} 1L %= RI image data
POED I WY vF7 5 MERBBIDIZ, VT
ROGR EFEK LTl 4 0ZRVTR, &
haHWTH# % < © dynamic-imaging studies %
I LT\ 5 190292022080

#6>T, recording RI ACG (b, BH R M
BIREDTVIEY I X OBREERIRIT 2 — (b L Tie &
HICATIe 5 Z LN TEB BT, RCGCHHWIIHE
ko RI ACG LN, fHhicRIKEELEL
. Fle, ZOBEERIXENACGLLEY 7
— TR LN, BRI TH BN, HiE
TLrdRLitdic, PR, ZADB WO
BETEROFEI NS BECX LT MR
TCEHRFNDH5.

recording RI ACG ¢ dynaric-imaging studies
& LT3 Kriss 52220202 Matin 5,200
% Hayden LW L ic ko C BREIc#fiEIh Tk
D, BEEORIERL A bOHEL X —&T
DR CTH I, L, FOERRO IR
BT, ThODOREBITRE XSRS 2 M8
T&, ERBH-CHir MERE © H 55\ ik &

AREFRNMRESEE Hs5% B18

DI & OBHENITR b 4 feh HF i L
7z,

—7Ji, Strauss 543 LEROQR S M
TEZEOIEMS LIk, ch
LD EBERHER 2 JIE T B & &k 4 LT
%, ZO X5 fofasikiL dynamic-imaging studies
DEBEAREADIEH & LTHEMR 5 5.

recording RI ACG o JERERIBERIC 27 DTl
LEELMELY v h 2 SBOET, ChEE
LEIRBIDIEET Y v 2 5 BhOMESH
R EI®REL v, 4H R R
B%. 22T, RI ACG o flisk® HiED 5 L
RI image data @ JUHIFHED B8 SR T
%. BB, RIFEAFE B\T, Mason 529
BAF—FAEHTWS, Lh L, 2ok
RI ACG % %5 e B B Y, Boh
RRRICOWTHHEEN B B0, —F, BH 0
IR AR HE LTw5, C ol
RIMETH D, Livd/N&7x RI bolus HFEMHREC
EHRTENRTWBEES. RIFEAFECK
THEA RI bolus %/ 35 & & 2FE#
KEC, TORMD 720 TAR T AHIT —ic

1.5ml i ThHH, EEPINEIREALE T
X 0.1~ 0.5ml & UinihiE bolus k7 B0 \s
EBNTWD. FFIRERDEFCT1~ 1.5
ml @ ¥0Tc % - b Z 7, control DFFEET
FBUROBEEERIE TTH O Yat 13 2. 680714
TH2l. TOfEH AT, EA RI bolus (3.4,
TLAPEWERZ T, SHFIEABLPEA
BRICOWCTEAFTERRE Lt gl bicws
EER B, WIT, B FEORE L LT, Matin
BN, BER MR L L, BRIEEY “modified
oblique™ position ICFEE T % & ki ko T LR
T PRCHIE L CnBb. 0B, ZE0ET
OREERTIX, BEOBME I35 BRI
RVl B R BuBDI, ¥, Kriss520Wes-
selhoeft &4 3/NE D7z pin-hole  collimator
ZEALTHBH, COHERXEEOES 5K &
BHH. B, BERoMBFHEO HRE LT,
Kriss®13, CRTOMEEDEEEIELIEH T &
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12 X 2T, back groundZ3% < L, (UMK ME %
X b BB 5 R ER LT3, —H,
EAE YA ICEBAIE S RE I TN 5.
ZORICEL, FEEFFFHRFEOBEHLEHE T L
el hEE AV, ROTEBR RO & 4 HEE
T5H ek, roEBEOMERYRSELA, B
TR eEs Z LT

recording RI ACG » dynamic-function studies
& LToRAMER, HRMmGEEHICORERD
BP0 | JERRINGH O JE S L o
HITE® B % ik £ DAL OBEAERIBIR VI o\
TEEREFH S T 5.

DR © B 24722C, Rosenthall®® x>
Alazraki 5}, Folse and Braunwald® 7 R C G
I CTHRIE Lic CyfCy ratio s b FE—A5504& & M
L, BLE#AHE LT 50%, EFIFAKOE
& C TpafTap ratio 7 bR LicEZ A, :ﬂ"fﬁﬁt
DREBOBHITE—GREH & OEOTE D H3
iz, ZhIE, Thbolpss, Maltz and Tre-
ves?™ DG TE X HCAEEREEOETE LR
BT Hi-dEBEihs. —7, JonesH®ILLE
F = F LTS EofEERE RT3 E— A
WOl TEEEZ OB LRDTE Y, EH
OF#ES Zh & —B Lic. ¥, EKIETHOAE
Eh LEKEOR/NEHR T & S HERLEIN,
Maltz and Treves®?2MEi3 5 X512, =D L5
TR EMR IR IR A B b, SBIER
BE BB ERER LT 5 DERH S LE
z5.

FRPOTBBRRS I OB AE A HIE 3 5 5 % Tl e
B LE s b, EHIXRV-LV & Q'uv & iz
SR Ao B GBS e, ¥z, Burke
BLYOHET S L 5ic, RV-LV oEEcfb- P-
LV XX hIERT5 Z L&D, Zhik, P-LA
DOIERPHIIC K E V2 0 bAT, MRS
DMIED 5 W x KT 5F R & & 2 bihvie.

FERDO R 1 & e HIRREEDD AT 7
—FVOFFA L EM I F R BB E Lich, EHE
AR, Z£FB X OEZBHEREEEL HEORD
W OFAL-CREL B T & D EE. =
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RIEBILT, 4BALADYTO Y %2 ED TH
TR Lo\,

recording RI ACG ¢ dynamic-function studies
BT, WIRMEROED fid ERe RETH
5. RCGOMfEHFIL, Carter BPOIERHT5
Lo, BHEROMERS DKM KE RS
B ER @D, TTHRTICAOL Y RETS
recording RI ACGTi3, HijsE &bk, ELTR
WEOFEREI B A EFNAHS. L,
Vv Fh 2 T OFBIINATTEGy Dl dic B REAL
P OB DR A Tch 5T T, Y
CELEE CDEALYED. £ T, Y7
+ METR LA “IF0" oEFEERL b,
FHETAOI R /INIACHETH IO LI i
R, ZBOEGITHBITE OB m ETEL.

Z oW, semilogarithm CZRfk Uitk
FOEXRHET B 5 X CHEL>HHTH .
%7z, recording RI ACG o#fRilEm, HHi%
DRI R BT, (S h B AR K &
W EHE D “Bx L BRELh, EEN
IR D & & EMEIRFEIC B0 TRES ThH
5. kT, ‘Bl OWERE LT, FE
PSR O 2RI M b OFEERD BRIIET B )
R fge Lichl, Freedman LWXERIEEZ AW
TR FREE & i SRR OFHEER O ET O
TREED DRFIE T 2R TR ER L O 5.

recording RI ACG @ dynamic-imaging studies
L dynamic-function studies | 2 & BIEC ST e
bhTwd Z &A%<, ThbRBAMTHZL
TR EREORB Y PO E Lithb T 00
I LsgRs B JE0s0mios | - 3 d ¥ 7578
+r& &2 bhb, dynamic image (X3 L LT
JEREMPT R %, % 7- dynamic curve {33 » LT
T RER 2 2 OCHRATHH D, WELTh
ENoFTRED I{ELDZ LN TE B,
WD LR LN DT R, BAMTKREET
2T L k0T, RLTERFRO MIEEBO RH 1
W= ORI X% X Y b —BiRiciE
Shp., 0T, COREFELOBANEDE
EREOZHNCER LT &I 5 5.



50—(50)

FHEA Y Fm b, Anger type DY v FH 2 5
2V T REEHT 5 HEHENRMmTH Dy, B
Hhic RI image data ¢ dynamic image 35 I O°
curve "ML BFZ {Tied & LT ELD,
Th LD e ) ORI ZET 28825 5
e, ReHREBOBALER Uit hilic bis
L.

—7, BH®ILZ D X 5 7¢ dynamic studies T
[% LT autofluoroscope 7% Anger type @ v v/
27 ERNTEL ORFEFTS LBRT3
2, KEOBMTHHELESHDY vF I 2T
DERNEW bHT, EBROTTEOHFNL D ER
LBWEES.

BT, AR IKREICRT 5B LfiE o
FRICOWTEETD &, WMBEIXFEMACGK
HARHBR /NS W EEZ DR B3O, HEiThi
hRE& i LEbha, Bb, ¥°TcOy %
HHE Lic B o Bl a 1L, Smith® 1z kg,
10mCi 247 b FRIRRC 2.7rads, 4:JHZETO0.12~
0.16rads, ¥ 7245 70.13radsCTH 5, ¥z, ¥=Tec-
HSA o %k, Herbert 5151 X ¥, 0.1mCi
M7z b JIELC 3.8mrems, 4:E T 1.4mrems T
ChHEE bR TR EFL bR, chics
L, fiiFofimi, LIRS 0ERE Xh
X, ¥mTe % ARl A%ty HEHRT cl
D oI T FHET35.4mR/h/100mCi, JEH ¢
16.5mR/h/100mCi & hin b kit /b, #
2T, AR ITHRECE L Q&Y LTy
BAHRBE NEL L, & 5WORIET SR I
HIREASOHEH b TICEETETHH 5.

Vi =

AR REB R D E T 5 HMEHE 13562\
7, recording RI ACG b bRz v vF 7 4
b &AWV T, RUOEBRINEEE DT
JEMY B X OBRRBINAT R AR L, KL OBKRA
FAME B LIRS SR, DUT o & ffama B,

1. ¥vF 7+ OGN, RITEARNE,
Betti i ds X O° RI image data o $H{EHEE% gk
BFsziicombEl, XEHACGIRENT
1345 %55, HOERRMEEEO BRI 3

HAEFRERE SR H35% H15

Wi E R ED S,

2. FHRIGOEL, AO I DBEFHELUE
L, ¥Rfo “Bz#L” »@BETA2 X
DTEhELEL, FuLERRMITEIRE DB
R\ WTH LN ERTH 5.

3. YvF 7 a b EHREBOIAEN s L O
RERVRT AL, B Lo TmEi iR eBa &
WA= X W BRREE ENDBHN, K
RO BRI E > Tk ¢
5. 2T, ¥V 74 b EERI A &b
THER L, B 5h 3R R2RarcHE T3
T LREABEBOBRNC YT h KEIREHLH 5.
Fic, il cEE~ORBO I\ LR
ExfbEs L, ABEIEREREZERNRCH LT
VREBOEZBIRAZ ) = v I7B#E L LTk
&Il E AR RD 5.

MR, WiR i bR, @B, @EMEB ok B 6
AOBSHRCEE s MBERL . ¥ oAk
HLEED RERHEHN o EE* 52 FEsvwELl
FEE2AR OB RS CRWRL T,
(AP0 EE X HILE, 320 & Xk O H33E B AE
FHEABESBE L F11E » 2o F12E A A YESS
ReErRkLe, )
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