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Evaluation of angiocardiography as a method of diagnostic imaging
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Angiocardiography, radionuclide cardiovascular imaging, two-dimensional echocardiography are
the main three up-to-date methods to diagnose cardiovascular diseases. Evaluation of angiocardiography
was done in comparing with other two diagnostic imaging.

Modulation transfer functions (MTFs) of these three methods under practical conditions were
intestigated. MTF of angiocardiography (ACG) with AOT film changer is better than MTF of 35 mm
cineangiocardiography (cine-ACG) when an object is still, but when an object is moving (cardiac
structures such as the coronary arteries, the valves, the papillary muscles and the intracavitary blood
are always moving rapidly) MTF of ACG with AOT film changer under long exposure time (<30
msec) becomes worse than MTTF of cine-ACG.

MTFs of cine-ACG are better than MTFs of both radionuclide imaging and two-dimensional
echocardiography. MTFs of two-dimensional echocardiography in lateral direction are worst.  Clinicaly,
however, two-dimensional echocardiography is very useful in evaluating cardiac structural findings and
motion analysis of the valves, the papillary muscles and the cardiac walls,

Both gated cardiac blood pool and myocardial perfusion scintiphotographies show fairly good
images of cardiac wall motion. These gated cardiac radionuclide imagings are helpful to analyse
cardiac wall motion in coronary artery disease and cardiomyopathy.

Cine-ACG can give us the most beautiful images of rapidly moving cardiac structures, and on
account of this characteristic we developed stereo-cineangiocardiography. To obtain good sterecview-
ing of the cardiac chamber, some problems of such as adhesive contrast materials, injection modalities
etc. must be solved.

Stereofluoroscopy was also investigated and good results were obtained.

To reduce x-ray dose in cardiac x-ray examinations, photofluorography with image intensifier
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(I.I.) and our dose reduction system of fluoroscopy (pulsed fluoroscopy) reveal their usefulness.

In the cardiovascular imaging studies, angiocardiography is the most important examination and

gives us very precise information, but noninvasive two-dimensional echocardiography and radionuclide

cardiovascular imaging are to be the first choice.

When we need more precise information after these

noninvasive studies, then angiocardiography should be done.
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Fig.1 Computed tomogram of a human cardiac specimen scanned in a CT head
scanner (EMI 1000). The CT scan of the specimen can show walls of ventricles,

ventricular cavities and papillray muscles.
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Fig. 2 Cardiac compuled tomogram of a living
dog scanned in a CT head scanner (EMI 1010).
The cardiac CT scan of the alive can hardly
show ventricular walls, cavities and papillary
muscles.
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Fig. 3 Sequential films of a retrograde aortography. Because of non-ultrashort (50msec)
timing the right coronary artery is completely blurred in the middle film.
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Table 2 Diagnostic image quality of dynamic
observation with cineangiocardiography vs stat
ic observation with angiocardiography using
AOT film changer
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' Complex | blood flow dynamics Ml o+ |
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Fig. 4 MTFs of full-scale radiography system with
an AOT film changer and 70mm fluorography
system with an image intensifier.

0-0 : Without phantom, chart filmdistance (CFD) =
Ocra. 10-5 : 10cm phantom-thickness, CFD=5cm.
15-7 : 15¢m phantom thickness, CFD=7cm. 8-
2 : MTF modified by 2mm moving of an object.
+8-10 : MTF modified by 10mm moving of an
object. Technique factors : 2mm focal spot, 100cm
focus film distance in full-scale radiography and
1.5mm focal spot, 93cm focus 1.1. distance in flu-
orograpny. Image intensifier (I.I.) : Thomson 9/

MTFs were obtained from a square wave chart
and not modified by Coltman’s formula.
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o0 1.0 20 LPp/mm
Fig. 5 MTFs 70mm fluorography system with an
11,

6:1In 6 inch field size. 9 : In 9 inch field size.
—— : 10em phantom thickness, chart I.I. distance
(CID)=5cm. ------ : 15cm  phantom  thickness,
CID=7cm. Technique factors : 1.5mm focal spot,
95cm focus I.1. distance. 1.1, : Thomson 9/6H.
MTFs were obtained from a square wave chart and
not modilied by Coltman’s formula.
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Fig. 6 MTFs of 35mm cineradiography system.
6:1In 6 inch fieid size. 9 : In 9 inch field size.
—— : 10cm phantom thickness, CID=>5cm. =--=-- -
15¢cm  phantom thickness, CID=7cm. Technique
factors : lcm focal spot, 75cm focus I.1. distance,
I.1. : Thomson 9/6H.

MTYFs were obtained from a square wave chart and
not modified by Coltman’s formula.

mm % 4 72 L5 LI Al © X o 55
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i”ﬁD:’m? [GEED A o |2 X 5 g oL ErsHig T

4

.
i P |
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Fig. 7 Comparison of 100mm fluorogram (A) and full-scale radiogram (B). A is better
than B. These pictures were obtained from the sarne dog.
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Fig. 8 Comparison of 100mm fluorogram (A) and 70mm fluorogram (B) obtained from
the same dog. The image qualities of these two films are almost the same.

Table 32 AOT JHEARY & X ARy 4 &
BFc Rl 1LY 0 X g gk i o Wl 4 i
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L HHE 2 OFEHFFoD, —RC RS S0
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Table 3 The radiation doses in various radiographies

{EH 52 L TE 5O THEEAEC/eh BHEIC
BRBUBhBRETHDLHEZLS.

IV. L ZKv 2B (MTF) [ k3 Xigusss
HREsik, RI ERZHEE, ZEMEEREE (2

BT D 3 HEDLE
MTF OfilEicit ~f 7 v 74 b A—&—L L
< PDS-15 (SAKURA) %{#ffj, 7 4 i+ » DRk

PERFED, XEEHOE 1T G -+ — M iE

. Techni Radiation dose | s |
Equipment . fa(::io;‘;que per 'ex;ﬁmgs Total radiation dose i
| Full-scale : 70 kV :
Radiography | 500 mA 5 mR 1060mR /30 exposures
(with AOT) 23 m sec |
100 mm 102 kV |
Flucorography |80 mA 5 mR C189mR/30 exposures
(with I.1.) ; 3 m sec
70 mm 80 kV
Fluorography 80 mA 2 mR 60mR,/30 exposures
(with I.1.) 2 m sec
35 mm 75 kV
= . ) ) 331mR. /400 exposures
Cineradiography 60 mA 0.8 mR ‘5”@0'{ e{j:?:msu?es fsec) |
(with 1.1.) 2 m sec |

1.1. : Thomson 9/6 H
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V=2 = {R= 2 ¥ — 5 40 #RAE 69000k —
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imager 4 (Matrix Instruments) # v+ CRT o
Ex—7E (Int=440) L L, AEv—t7 414
i Min-R (Kodak) #{liflj LTz oF%D MTF %
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Fig. 9 T4r5% X 51 *mTc OFH ™TI kb
MTF 3 RIFTH Y, FEORIEH A X b Gl
o> MTF R T 5%,

MTF

MCD=5cm

o 01  Lp/mm

Fig. 9 MTFs for “®Tc and *"'Tl using gamma
camera with high resolution low energy collima-
tor in the 4 image format.

X 1 Sagittal direction of the device. Y : Transverse
direction of the device. Test material-camera dis-
tance (MCD)=>5cm. Information density=1 KCTS/
cm®. Gamma camera : RC-IC-1635 LD (HITA-
CHI). Collimator : High resolution low energy
collimator (69,000 holes). Hard copy recording
camera : Multi-Imager 4. Int=440. Film : Min-R
(203 % 254mm?*). Image size : Four images/film (4
image format).
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Fig. 10 MTFs for “»Tc using gamma camera
with high resolution low energy collimator in
the 4 and 16 image formats.

4 : 4 images/film. 14 : 16 images/film. X : Sagittal
direction of the device. Y : Transverse direction
of the device. Other equipment and technique data
are the same as in Fig, 9.

MTF
104
\\%@
0.5 \\‘\
¥ /“Q“::‘
\"“-§2‘--
=
MCD=5¢cm
o 0l Lp/mm

Fig. 11 MTFs for “™Tc using gamma camera
with high resolution low energy collimator in
the 16 image format.

——: With a 4cm thick acrylics phantom. ==---- :
Without any phantom. Other equipment and tech-
nique data are the same as in Fig. 9.

P 213 Ffd Multi-imager 4 #f v C w —
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3 v a20~30mCi FHFHIR XD EAL, K=<
fg 1~1.5sec 7T\ 5.

Fig. 1006162 ~fif&D ML b 4 2 <o
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IT5 LR MTF OETFTT 20005,
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Fig. 12 A dissecting aneurysm of the aorta. A.
First-pass radionuclide angiograms obtained by
injection of 30mCi of technetium-99m per-
technetate demonstrate an abnormal dilatation
(1) and a tortuosity of the descending aorta.

C
Fig. 12 C. Retrograde aortograms, a-p (C) and
lateral (D) view, show the dilatation and the
tortuosity of the descending aorta.
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T —

- &
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Fig. 12 B, Plain film gives no findings of the di-
latation of the descending aorta.

D

Fig. 12 D. Lateral view reveals that the dissec-
tion begins at the level of bifurcation of the left
subclavian artery, and the true lumen is densely
opacified and flattened by the faintly opacified
false lumen.
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Fig. 13 An aneurysm of the abdominal aorta. A,
Sequential scintigram (time interval 3 sec) after
intravenous injection of 50mCi technetium-99m
pertechnetate in the 16 image format. Scinti-
angiograms show a dilatation of the abdominal
aorta.

Ny

Fig. 13 B. Four image format. This format is
betier to observe the scintigram than the 16
image format. The scintigrams can be obtained
from stored magnetic tape, and time interval
between the images is determined by the data
of the 16 image format.
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Fig. 14 An arteriosclerosis. A. Sequential scinti-
grams of the pelvis and the legs at 3-sec inter-
vals after intravenous injection of 50mCi **®Te-
pertechnetate in the 16 image format. Radio-
nuclide angiograms show tortuosities and wall-
irregularities of the iliac arteries.

Fig. 14 B. Radionuclide [angiograms in the 4
image format demonstrate more precise findings.
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g ,Eu LP/mm

Fig. 15 MTFs for **"Tc using gamma camera
with high resolution low energy collimator and
with dem thick acrylics phantom in the - 16 image
format.

X : Sagittal direction of the device. Y : Transverse
direction of the device. -——— : MTF nonmodified
------ : MTF modified by 3mm moving of an ob-
ject. Other equipment and technique deta are the
same as in Fig. 9.
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BT RR W A 16% L, 0 208 Dl 25 14
75 THIE, 1.03H0.8sec THD B 1 2=
0.8sec/16=0.05sec (J 5\ L5348 % L7 0.04sec)
L, L7 =T 75 4 (gated cardiac blood
pool scintigram) # A\, O v v F 75 24

(gated myocardial perfusion scintigram) % - 7
&L OREOETNI RS H Z ENTE 5.

PREED B & (XIEH THI3. Semfsec kb T
HUDTHED 1O ETHUE L 2<% D) OREDOH)
%13.5em/16= 2mm, JHEIYIC §) Scmfsec @ X
TEY< EFHUE D = <4 D) 3mm OF)E IHY
T%. colxic s MTF o4{txhnz C Fig.
15 1= "mTe {fED16 = =H{& g MTFE %
Y. bEbEHED X MTF 7pooci8
1A,

2T, ZoLEREMOC T - B
v F YT ADEMERT, Fig. 16. A, B 3k
FEHE O Efi S X 00° LAO (JeEfiflHim) 14



WEFIS54E 4 H25H

L
-

A
Fig. 16 Gated “™Tc pertechnetate cardiac blood
pool scintigrams of a left atrial myxoma. A.
A-P image. Scintigram shows a round defect
(1) at the left atrium in systole.

1%

e |
&

# E3
- e S
- — —
g "!L
B S

B

Fig. 16 B. LAO (40°) image. The defect is not
clear in this projection.
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A
Fig. 17 A idiopathic cardiomyopathy (hypertroph-
ic type). A. Gated *™Tc pertechnetate car-
diac blood pool scintigrams in LAO projection
show hypertrophy of the left ventricular wall
and hyperkinesis of the left ventricle.

Fig. 17 B. Gated thallium-201 (2mCi) myocar-
dial perfusion scintigrams in LAO projection
scarcely show left intraventricular lumen be-
cause of ventricular hypertrophy.
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TH5h. IEME CIEENC R —3 Uiyl
s E R LT %. LAO T
o, XIBZITH F D BTG b IR
wHlBZ ENHES

Fig. 17. A, B 138500 MHE O I O FER
f%h%hﬂmhau7—»//+f7 V& BT

B0y v 77 ATl LAORE T
ﬁ% L=y v 75 A0 LAO 12, OF
PR OIE AN L LI, € o THRRIRE ORREH
I A HZRRXHEHRE LIV ERTV2. 0
Bl OEFRRED D Tle { EBRESEN L <45
ISP R2B. Uiy v s aTixlEL LT
b S IRA ETu,

Fig. 18 ([ XF§FAEOIHAE © 5 2B CESEIZ K
<, BEDOThEHOBLIFEA s L3 ikigig
EfEBbhs.

Fig. 19. A, B 3 fifih OB O o fEF)
T, ThEhOS =y vF 75 a iy v
77 A THICHERIM G TH B, 1ZFIEHR & B

bilsh.

DX 5Tk 2 R Ui BIERIgg o 7 v —

Fig. 18 An idiopathic cardiomyopathy (congestive
type). Gated **™Tc pertechnetate cardiac blood
pool scintigrams in LAO projection show the
dilated and hypokinetic left ventricle.

HOAEE i e 2 e as 0408 5 4 5

T

Fig. 19 A coronary artery disease suspected. A.
Gated "“™Tc pertechnetate cardiac blood pool
scintigrams in LAO projection.

Fig. 19 B. Gated thallium 201 (2mCi) myocar-
dial perfusion scintigrams in LAO projection.
Motion analysis of the ventricular wall can be
obtained by cinematographing these images.

(Arrows show the direction of the sequence)

Moo va-H 2% L multi-imager 42 L 516=
< HEGR D H R O B 2k b T A5 & first-pass
Bc X B RI-ACG CULOE ol 7c S35 L M
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BRRETHED, LEBRAMfloLS -1y v
+ b 757 4 — (gated cardiac blood pool scin-
tiphotography) H» %\ %, OffivvF 74+ + ¥ 5
7 4 — (gated myocardial perfusion scintiphoto-
grahy) Tk, B X 5 OREERLBEBEOE) X %
BRI 2 A2 ENTEBDT, YVFI/FAD
Fa=<% 8mm H B\ E16mm v i h 2 ST 2
2THBE3 2= PTOREL, ThrlET
BB T E, DR BB OB EZE W R
ThbH., HLI6mm » 2 I THEOE, L=<
DEREENPH L VO TTREPET A, =hh
5 F (AT EXRBER OHEINT I\ K E 2
ISEB OFPTETIRETH 5. JEATERIEHE O
fiE OREGITC  hyperkinetic 7ol Een®) X% H5
T EMNTER. o THRRBROIFIET 31T 5 IEX
B L5 - ORI, Rt ORBC BT 5K
FEEOMEBYRIL X v asynergy, [ OB 2A]
BBLELOND, = V¥ a— 22— X 5HEE
MECTEFZEEZT 5 DRI BLOHBo
ETHAORa v .—Z— LTHARETH S
ZEER L.

DT =N VFT7 4 VT T 7 4 — DA, KR
ST FE4A0E COBEFREBRCHE S hEs, A
BORLSDVPM LT D DT, XEEYmE c 1A
B\ 2B PR O SETY IR ORI BZE 2 T & B oAt
RERFRTH S, il 2E0BHRCLE
AERLEIEOEC—BER S O TRES R T
KL, 40LENRERLRWHRTRLLEL S
o1
R FTETF 782 775K O S 8 R 5 P R 2 1
(EUB-10 : HITACHI) #f#ifi L, CRT oW
B% RS 4 FH 25 C-30A camera (Tektr-
onix) @ f{h i multi-camera @ NISE-Format
Zf&E v —1F 7 4~ A MinR+MR-1 (Kodak)
T % B> MTF % Fig. 20 57, 8%
EWiEHE O MTF FURicik Mg 5% LB bh
BN =TT ATy 2RO A Y =5 L
VI a— T ANIKIEEE X b ofjE% 2cm, 4em,
6cm, 8cm LZE%, KIS ERC TR BT
B/BONIBO7 4 v & LEED I h - RKEHE 3
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Fig.20 MTFs of two-dimensional echocardio-
graphic system.

AD : Axial direction. LD : Lateral direction. 2, 4,
6, 8cm : At 2, 4, 6, 8cm depth. -—-- : MTF of
gamma camera system -—--— : MTF modified by
6ram moving of an object. Hard copy recording
camera : NISE-Format. Film : Min-R (203 %254
mm?). Note. In axial direction there is a problem
in MTF of two dimentional echocardiographic
system,

T HBELREL, 7= —ZHAEIEHE - T o
haRDIC,

Fig. 20 w.ixBERES7 A (1 ¥ e 35 J5 @ : AD)
LR GEEF AT b bBE Ot
LEMLHFE:LD) o MTF B3EIhTw5, F
SLFE D MTF 3 ie b B, EEEICAT < whé
> TMEE bHITHH, BRI 5 TE L
TEADB. RS R O MTF L—5RB L
TR T A b ¥ — 2 OBEHEOR s HECE
AEORBLEOWETH ) Ho MTF %%
DTS, Thi&3RBAT 21145 B0ME
TH 5.

SEER LB E036 7 4 — 4 1 (field),
187 v 4 & (frame) o B - 7toT 5
DT, 17 4= FD AFy VFHH 111000msec/
36=28msec Lin%h. JUEERD S BN BiE
G L CRE L1 5 B R D5 R 18 o Al ig 13
EAE (72°) o110 T5E, 17,4—AF
e NS BT T B BT B 32, 8msec T
B5B. fEoTHEfH100em DBRX 0 ok s
% B 35 WP 12.2.8mm BE)LT\B, —
7, EEROBBHOE S FEH AT, BEEID
DOPREHEC X 5 THRL 22, X dem OFF ¢ 6cm
(BRE 4em TD 17 4 =1 FHOFAITR DR
HE) x36=216cm(fsec) DRI THhA. - TI00
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05

o 0.2 LP/mm

Fig. 21 MTFs of two-dimensional echocardiogra-
phic system in lateral direction.

—— : MTF nonmodified. ---=-- : MTF modified by
6mm moving of an object. 2, 4, 6, 8cm : AT 2, 4,
6, 8cm depth. Other equipment factors are the
same as in Fig. 20.

cmfsec DM X OMEICHE~E 268 s b, EE)
BRI RCET) LT\ B, RO
BHEERCTH D, R OHETHBNHIC X
o TRUNETEROC IR A IR P C D i DB BHEE
MR %2, ZAURiKHy 6mm (52.8mm X
2) ki, Fig. 20/LER dem KRB HL
FHreo MTF oz 0bmm © [EEAEF ] X%
B bR LTHBA, Fig. ZHC X 2cm, 4cm,
6cm, 8cm T A 6mm © [SEEAS XD
MTF @b iR Uiz, #fT X b Ok E-
& MTF Sihic k& lefiv 52 5. BT LD
O EVR, EEREDO £H0 BEOES
B e 0TS Ao MR X [Ar] ik
<, 2emOPEE-COHMHECEN 4FER100cm
YRGS 5 Ppfk 0 BB A 1% 6mm L) B ChBZ &
LT A MER DB, FiehMAmo MTF i
BOFIE XL, EBRr STEVCED IO
TEH ORI X B HERI T,

BT BT X B EEAR OFEL Y
1500m/sec Th A O THIEIL Tz B,

ER RS RS RSN L 50T
XEPEYIRERS L I S h B RELDTH BN,
35mm XmEo MTF (Fig. 6) k<% Li8
THfEs o MTF (Fig. 20, 21) i3 BiF 7R
HEEE T HoTEY, HEHE TR
JEMCIE & L Ha 5.

O X B0ORME, OEBEOT) X LLEREO
DT =N VT 7 P57 4 —HBWIE, O

HARESHEHESER F40%E H45

YVF T4 bV TTFT 4T, BE TE B0, =
OFBZZIC i A multi-imgager 4 TOFRE] v — b
7 4 A6 < BT am0 MTF (Fig. 11,
15) ki@ iEE oM Hm o MTF (3arfls
5.

BEEWIEE MTF (Fig. 20, 21) 64%
X B AM AR OB R Z EILET Biicu.
B v TOIEE D Tl ) Wi G TR O T
VERERE S [N AL 5 D E RO HIE A DRI,
Fo SRR LB X CHIFIT F B AL
wE & LT RIE S KBRS /e v R T T
HTEAFRLDO—E LMD DLZ ENTERE
ENRB\. T DX D IBE S oML X<
ERLTHESLER DS,

Z & CRIFEEE R RS ok oW T—
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BEEE SR HEEE E LT CRT R
#IEIL1335A : Hewlett Packrd) IC0VEER & [F
I oxa, MEEAIRLTL 7 v—a GEREH:
256AE G B < 55.5msec1/18sec) DiE|{R
L, chidBEIef FH2F3H5 0Ly —
P s A ABO=ATFH 2 FIEEET . BIRYE

Zc ks 1 7 40— F GERER1284)
Fogifinyic CRT Ricfiiit ST\ il 1

74— FRECBEEEO 7 4 —1 e E
Biov R A AT, FWHI87 4 — A FRBLERR

B (v2hA50ve w2 —OLBHD 7 4 —

N PR RED e | 7 4 — A FBE L A)
TaEMEF AT —Frva—#— (VIR) itégT
5. BEWEO VIR GE—igoFaE;x o7
VIS EERREIY 7 V- A BRI B Tdh AF ¢
va Vo= 2 —ig ERERETE T 0 ¥ EEE
HCE WO TEESROFT VED 2 T TUHD%
A ORT LoSEm5EREH e Y 2 hx &
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FBEBWIEO 1 = <k, /1 XDHW5
DIz WEETHB DT, LERCElEET,
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c

Fig. 22 ECG synchronized multi-photography for improving S/N ratio. A. One ex-
posure. B. Multi-exposure (10 exposures and decreased intensity). C. Multi-
exposure (10 exposures and decreased amplification) D. Multi-exposure (10 ex-

posures and smaller aperture diaphragm)

'.’,‘,{-d)l{"l[l,';.lw';t 1 =~ bh &3 A0 0l o4 - 22 Dz anic16mm o5 2 5 (70-DR :
LTRE, BRI VA ATOHEIXELTHES oy, vy & —BHf 1 204°, B AC
2 A }~".’fj.,|r-sf)¢,"’l —E Lfed XD i-'-'L‘J"Z), 2) 00V) i La £ S bIES%ED 162 <
CRT DMfEEA*2E %2 %, 3)  If0lEEe ofohgEEs 4 28 (18 2 =it > + » # —PHAA220°0T 0 H)
2B, IEMMAGM2EL TR L TR ORI 21T - 72 1 7 4 — v P ol
WA BER ST RE R DAY e A I’ig- 22 HRLE128 L 7o b CRT |- COBZEIC -~ o0
ICRLTHS ROt 2=RET, A XD BETTsnEMcEr LW EBbh s,

HCEBRTHE. AL R 2) oBgoRE Y ThEZ: o - @k, ARRE T v e (HV
ETFESHLDT, 02~FEREIELIE-LOT 408 : HI’i‘.‘\(_,'Jl-II) AL, IR L [
HE. 2V FAML, LB MERO {r;z-i- % HXxgFFrena f,ﬁ\»{;)}-]-&fgg L VIR (EV-315
b s, KT 3) OME ORIRE &% L1 X: mm«) _EEE L, T 0BT, Rl F 5 v
LOT, 102=DifhiEh % LT\w5%. /1 X1 F BT B ERICIS 265 2 T <, Fifkie
WA 202 OBE LIGFH KT HEEN B 5. BELDTHETHL L, HEHEMT v
AT 1) OBETH-T, 102~ hlgd T BT EbTHeERichky, 7402880
H5. /7 AXLPIL, 2v I APPSRV = Jé f)?'a"c CEBIZRETEAFORER B, 2
DEE 2 <w/DELTebf, 4 X b S35 Crk e OFEE AR IS T B o RIG K EE S
D, 2 v FFAMIELeBD, HED 2 <HH .‘_d;, :;kfﬁ{ BI1%¥twv&—TU~x%, 7 VIR (VO—

2 SR O T v
Y P FAPSThEBHEI VO TI0 2 < [R5 Ei{f (Fig. 23, 41, 42. 3 oL, Sony @
NERPMTHD EZELBRS. VIR : VO-2900TH 4 Licd D) #REF L7

e h EEEMT oMb A BRMBED, o 2900) #{# FH LCHFiMe Lol
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Fig. 23 Two dimensional echocardiograms. Play-
back images from a recorded VIR tape. All
these playback images from the VIR (VO-2900)
were projected to a screen by a large TV-pro-
jector (PJ 5000 : GE-nac) in the auditoriun at
the 37th annual meeting of the Japan Radiolo-
gical Society.

A. Ventricular long axis view,

B. Ventricular short axis view.

AML : Anterior mitral leaflet. PML : Posterior mi-
tral leaflet.

my .7 x— (PJ 5000 : GE-nac) #{#f LT
7V —v (6x4.5m?) [P LS L,
V. WERREHDE

1A SR BT B E S O—2>THBHX
PR T X B b O R B - Fhic
Bole7 4 L ADHERR, LI #HWAZ LT
b, HUI0CRD S5z EAHERS. Ll
HBRIC X AW E D EVDT, il

FOACE Sl i 2 e e H140% B4 5

X-ray TV Sysiem with Video Disc (or Sheet)
Recorder for Pulsed Fluoroscopy

e Hﬁl..__&ﬁ o TV-Monitar
ﬁanlbq Signal

enerator
o 0 O

- H:j___g;g;/*

Pulsed X-ray Revording Conlreller  Erusing Head
Cantrofler Syrichzenized with TV

Fig. 24 Schematic representation of one of our
fluoroscopic dose reduction systems.

apageenzs T T T TTHTTTITTTTTT

(a) X-RAY IRAADIATION COMMRND | | | |

(o4 2-Ray PULSE __n N il i

vy s ey R ] 1 1 iy

v uomron Pyt | Ja|a e afe]e]e]elclclelc[oo]uo]

(A, 5, € AND O ARE REPROOU:
IMAGES (OF 4.8, C AND D H'ﬁﬂm\‘l

_SYSTEM CPERATION

Fig. 25 Schematic representation of the system
operation of our pulsed fluoroscopy system show-
ed in Fig. 24.

A E BRI, HEIIC A A X RS L
TITTe 5 A AFBERETI L E v, v AN
e bffixc b annto—FL L Fig. 24, Fig.

S 4 25 PiFE, ER LT3 Ikieﬁwlf?rf'n'i Imsec
@ A A XEE & video sheet recorder & fo %
video disk recorder |2 % % <L AEEP 0 o AT
LR & OFFBIBE R 2R LT B A O
%&r%ﬁéﬁ%"fwﬁﬁﬁmszﬁﬁm%
T, XS L T v Y e = 2 —(f Lo X §RE
E DS H E DR [Fh] 23wvd ot X
VL, RO AXEOBFERL HE D Dk
M X,

FEEC I AUEER0 AL A TESH T —F
PEDTE D, HHI0AL A TERY Ligh b h
F—FNH JEL!(’F' L, Il (Fig. 26. A), JiEhs
iR (Fig. 26. B) %47 CTuH Rtz €5
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Fig. 26 It is easy to manipulate catheter under
pulsed fluoroscopy even at 10 pulsed x-rays/sec.
A. A VIR-recorded picture of pulmonary arterio-
graphy during test injection through catheter un-
der pulsed fluoroscopy at 10 pulsed x-rays per
second.

AT =73 = 2 — R U R R e & Rk
KBFvET vy « 7 2 —CRIGHE L, 55—
FUNEBIMETE L LRk LI

O 1 F10[E DA XEIRE W LA FHET
1%, Table 4 1C/RF X 5 ICHBFIC A £ — 2
2 VEEREROXRT v TR A iR X
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Fig. 26 B. A VIR-recorded picture of celiac ar-
teriography during test injection through catheter
under pulsed fluoroscopy at 10 pulsed x-rays per
second.

LERIEOISCT S N TELA, BlE, A
CEBRLTBHETF 4 a v x4 7 ORBELEN
LI X7 v ETH, oo o k
SRR X S HAERE BT B = Lk TE I
T 4« 3G B EF 4 2 v x4 T OHREER
EERHEHLTLS A —orva VT LE U XE
WA REBLENTEDLY, Y —F g
7 AP XD Pl o fa e FE b MR [F I &
AT AL+ (0.1~1.4Volt) O A DA EE A

Table 4 Dose reduction by means of pulsed fluoroscopy with video disc recorder

TV Camera | I.Orthicon (5820) | Vidicon ]

[ dose/min. L4 dose/min, %
" Ordinary | Continuous B
TV Flucro| x-rays 0.80R 100 1.29R 100

Pulsed 15 Pulses/sec. 0.24 30.0 0.57 44.3
Fluoroscopy | 10 Pulses/sec. 0.16 20.0 . 0.40 31.0
5 Pulses/sec. 0.10 12.5 0.26 20.0
2 Pulsesfsec.|  0.038 4.75 0.13 10.4
| 1 Pulsefsec. |  0.025 3.13 0.07 5.4

I

9" (Philips)

11" (Shimazu) .

Fluoroscopic device

Hitachi zp-cp

Hitachi zp-cp |

Filter grid

6:1 28LP/cm

6:1 22LP[cm

i Focus body distance

550 mm

400 mm

This table shows that pulsed fluoroscopy under 10 pulsed x-rays per second can reduce
the x-ray dose to 20% of that in ordinary continuous televized fluoroscopy.
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PRINCIFLE OF
LIGHT=EI1AS METHOD

VAVAVAVAVAVAVAVAVAVAV
—m

—

PHOTO CATHODE GLASS WALL  LIGHT RAYS  Tiny yamp

Fig. 27 Lights of a tiny lamp near tube pins al-
ways stimulate photo cathode through glass wall
of a vidicon tube. Intensity of lights is one
twentieth~one tenth of that of output screen of
image intensifier. By this mehtod afterglow of
the vidicon tube can be got rid of.

@
P O]

WL ) e

L) % 2
| o ) L)
s
l‘"
20 4 "1"

/r,'
10F %r]
L)

12 3 4 5 6 7 8 9 10x-rav PULSES/SEC

C(+) : Cathode-bias method

C{-) : Noncathode-bias method

L(+) : Light-bias method

L{-} : Monlight-bias method

TW camera tube: Chainfcon

Iinage fntensifier: PS/9HII (Philips)
Dosimeter: TLD UD-5054 (170A) Bed (Matzushita)

Fig. 28 Relationships between dose rate and pulse
frequencies of x-rays. Dose rate of conventional
TV fluoroscopy is assumed as 100%. Cathode-
bias method with chalnicon tube (a kind of vidi-
con tube) can reduce the dose rate to that of
fluoroscopy with image orthicon tube.

2 E—AFVF vk IL, MOEEEKRE
LERBIOYE LI, FhoF A b T AR
X, Fig. 270 < TEBRA A\ C XM
o 1.1 Whakem o 5 2o f1/20~1/10F2E O
Bl 5 X 0¥k FICHRRE O XEHIC G 2 Tl
PrdR L, XERPSRO M LA ->Tw5
DX AT AEREAVS L Fig. 281
RTXORPEEHT L ENTES. Thbb
A= FoiAg 7 AEEHCREA A=A =
VR LR D To AR R R B S Z LT
Elo. FA bFAA T AETERXBEA R

FI AR 5 2 W 3 ERE DT40% B3 4 55

Fig. 29 After glow (| ) of a moving object pro-
duced by vidicon tube. This after glow can be
eliminated by light bias method.

&AL e h o Tod Fig. 29CRTiNE ©F
4 2 VA A FOREEC X RS bBE R kk
T5 2 &k

FrBIE R 2D HEHL T B A BRET
i, 2IA VA UV-AECLY), XLDDHD |
74— FOBE@EYFEOMGE 1 7 4 —2 ¥k
HHOMAE A v & -V —ALTI1 7 V— A4 O[H{f#
AR X 5 HiEd & 5 T O TIHRES R O
EHIETFT LT VA, DL litné, $2
74 =L FDEFFUSANEL 7 4 = FOE
FA UL LD EVGOT [BhoX | Al
LMHbTHS.

L Lodtif i —r—AREC LS XET
VR E O X frilibi e X a2 ER o0 L
M H~NEEAME T 3% (Fig. 30. A, B) Tl
LWL E R, A ABRBEO® ORI & s
S TCWE., FLTrIAfVE—L—ATHRVESE
71 7 V= A O Uic X VlE To R
NABRPTEDL LD EROELRCIDHE 1 7 4
— K EH2 7 4 — N FOETF v E Lic
L, ¥ ko TETS v HOEORIERIT
7o 5 [als (Fig. 31, 32) ofigfa LT 4.

VI ZFUFiRE, SHOIK
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Iig. 30 A. Image by conventional television fluoroscopy. E. Image by pulsed fluoroscopy (just the
same patient). Image qualitiy of B is a little bit impaired by so called semiinterlace method.

CATHODE BIAS CIRCUIT
1F 2F

GATE GATE

....s LIS
EME > ame
RI’ED} GnTE_ -

Fig. 31 To improve image quality using [ulI-in-
terlace method, video level of second field can
be equalized to that of first field to eliminate
flicker of images with this circuit.

ML, [FRENEVGDOTAT vABEENT]

ETHIVIIERCEHLELLNS.

AT VAR EE LA o 1 %o X #rig
AT B 6 BORE o i © M
Eic VoA ThBH (Fig. 33. A, B)
LMo T D &) & B IEFIC R v o TR+
BTHLH., T RI OLFT—nv a5 40
B TORBEMC L0 g L2 & {2 o)k
CEDERIROAT vABREE DL - LR

2F GAMMA CORRECTION CIRCUIT

5

i gl | MONITOR

' ) HI\I—ﬁ.IMP QJ“

_tm>R_4|R.,EJST' T/ ]‘cup AMIP
{ %

JlMMﬁ

EﬁlTEszATE )

Fig. 32 With this circuit, difference of ¥ value
between first and second field image produced
by equalization of their video levels can be
compensated.

EANRE S o, b EL LDADEELE L,
FERA O I = DREGDFE DR - CTRBDT
LB

i h R ff?hi[)'[fhlh- L Z S Y el AT
MR | 5fEAAE 5o & ThDH. Fig. 3T D
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A B
Fig. 33 Pulmonary stereoarteriography. Stereoangiography is done at the rate of 6 films per scond
with AOT film changer and two electronically controlled x-ray tubes.
AL For left eye. B. For right eye. Viewing of stereoscopic films with the eyes alone can be done
with an almost parallel line of sight.

Fig. 34 Schematic representation of stereocine- Fig. 35 Schematic representation of stereoscopic
radiography. It is necessary to take high fre- viewing. Every two frames are removed together,
quency stereocineradiography with electronically Spectacles mounted polarizing filters should be
controlled x-ray tubes for the rapidly moving used for stereoscopic viewing, and screen must
object such as contrast agent in the cardiac reflect exactly each polarized light for left and

lumen. right eyes. Day-light screen is usually employed.



BS54 4 H25R

Fig. 36 Special 16mm cineprojector for stereo-
scopic viewing.
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Table 5
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Comparison of cineangiocardiography, cardionuclide imaging

and two-dimensional ulluuardwg[al.:uy in cardiac studies

| Cineangiocardio | | ~ Radionuclide | Two-dimensional |
j graph_y_ ] imaging | echocardiography
Numbering of the great arteries and TR
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Fig. 37 Stereo-cineangiocardiograms of a dog. Frequency : 144 frames per second.
Injection of contrast medium via catheter into the right ventricle. Several pairs
of stereoscopic images for left and right eyes. The direct viewing with the eyes
alone can be done with an almost parabllel line of sight. The course of catheter,

inflow tract, outflow tract, the position of the atrio-ventricular orifice and
papillary museles are clearly difined.
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Table 6 Usefulness of cineangiocardiography, cardiac radionuclide imaging and
two-dimensional echocardiography in evaluating some cardiac imaging studies

Assessment of shunting

Cine-ACG=>RI=>Echo
By means of contrast echocardiography obtained following
Cine-ACG>Echo>RI

Valvular motion

Cine-ACG = Echo (especially mitral valve)>RI

Papillary muscle

Echo=Cine-ACG>RI

Ventricular septum, Posterior
left veniricular wall,
Pericardial effusion

Echo>RI=Cine-ACG

Cine-ACG : Cineangiocardiography, RI : Cardiac radionuclide imaging,

Echo : two-dimensional echocardiography

Time scale . 1 sec
: Injection sign
[ - t

Fig. 38 Phased injection. Curve shows six diasto-
lic injection shots were made. Intracavitary

structure can be seen more efficiently by phased
injection.
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Fig. 39 Schematic representation of stereofluoro-
scopic viewing using polarizing system with half
mirror.
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Fig. 40 Relationship between pulsed x-rays and
video signals in stereofluoroscopy with a single
image orthicon camera. Duration of a pulsed
x-ray synchronized with blanking period is about
one millisecond.

Fig. 41 A-D. 12-year-old boy with mitral insuffi-
ciency. A. Retrograde, selective left heart an-
giogram shows regurgitation into the markedly
dilated left atrium,
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Fig. 41 B. Two dimensional echocardiogram (ven-
tricular long axis view) shows hypertrophy of the
mitral valve leaflets. Motion of the leaflets is
normal and no evidence of regurditation is re-
vealed.

Fig. 41 C.Two dimensional echocardiogram. This
ventricular long axis view of the same patient
as in B is a section slightly laterally slided.
In this section the hypertrophic papillary muscles
and their motion are clearly recognized.

Fig. 41 D. Two dimensional echocardiogram. Ven-
tricular short axis view. In this section the hy-
pertrophic posterior papillary muscle (T ), two
hypertrophic lateral papillary muscles (%) and
their size and position are clearly defined.
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Fig. 42 30-year-old man with congestive idio
pathic cardiomyopathy. Two dimensional echocar-
diogram. Echocardiogram reveals restriction of

mitral valve motion, funnel formation of the
valve and no hypertrophy of the interventricular
septum. Cineangiocardiography (Fig. 47) does
not reveal such findings.
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Fig. 43 27-year-old man with VSD. Selective
cineangiocardiograms from the left ventricle in
the LAO projection. Tangential normal mitral
valve shadow (1) can be seen only in a few
frames of a series of cinefilm. Protrusion of the
membranous portion ( ) and faint opacification
in the right ventrilce ({}) also can be been.
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Fig. 44 26-year-old woman with mitral stenosis.
Selective cineangiocardiograms from the left a-
trium in the RAO projection. Thickening and
dome formation of the mitral valves (| ) are
clearly seen.
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Fig. 45 57-year-old woman with prolapse of the
mitral valve. Selective cineangiocardiograms
from left ventricle in the RAO projection.
Bulging of middle portion of mitral valve con-
tour into the left atrium (—) is clearly recog-
niged in systole.
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Fig. 46 49-year-old man with hypertrophic idio-
pathic  cardiomyopathy. Selective cineangio-
cardiograms from the left atrium in the RAO
projection. The mitral valve is only partially
visible (| ), but rigid movement is clearly re-
vealed.

Fig. 47  30-year-old man with congestive idiopathic
cardiomyopathy. Selective cineangiocardiograms
from the left ventricle. Cineangiocardiograms do
not reveal [unnellike appearance of rhe mitral
valves, which is easily revealed by two dimension
al echocardiograms (Fig. 42), but they define
clearly restriction of cardiac wall motion and
regurgitation through the mitral valve,
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