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Medical Application of Synchrotron Radiation
Davelopment of a K—edge Subtraction Coronary Angiography System

Kazuyuki Hyodo, Katsuyuki Nishimura*

Photon Factory, National Laboratory for High Energy Physics
*Department of Radiology, Saitama Medical School

The number of patients suffering from ischemic hear! disease is also increasing rapidly in

Japan. The standard method for assessing coronary artery diseases is the coronary angio-

graphy. Excellent images are taken by this method, however, it is an invasive method in

which a catheter is inserted into a peripheral artery, The paients would obtain great benefit if

the coronary arteries could be distinguished by intravenous injection of the contrast material.

’ The K-edge subtraction method, which uses the K—edge discontinuity in the atlenuation

coefficient of the contrast material, is considered to be the most suitable method for coronary
angiography by peripheral venous injection.

L Synchrotron Radiation (SR) is so intense that it allows selection of monochromatic X-rays,

and studies on K—edge subtraction using SR has been started at some facilities. Fecent activ -

| ities in K-edge subtraction method at the Accumulation Ring are briefly described here.
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Fig. 2. K—edge subtraction system using the one
dimensional detector system at SSRL

7 V74— NREDRubenstein 52 12 & » THJ
DTRIBXN, £DHSSRL, DESY, /KU E
WR7, PRIZBWTENETND Y X7 LDOFRH
DT STV 5,

DA, SSRLTI, 2EDSi HEEHWT
KB B, TRIOBEXHEEZE, XHELRIL
F=DE—=LZA My =2k BUD#]Z EWERE
DO LEFTAEOE xRS T/ ZF + VHRITK
Si (L) 1&kekEREAVWTEHEZETH
100D (F2 BB, ZOAKTIR 1
E DR TEARDEBGR LIMVE SNV, 1IRT
BRHEZRZHANVTOV B OBERRNDIEL, &S/

MEE FEIBHFLZ  (19905F)

NOBEB /S ENTE B, ERCHHOEE
DI BITRE, HFEOES DREN SBEH O
FRBWE AT S & EATE BERTIRL
LoD, TEREMREHETE, KRIGHZEDED
BMAERTIENTERL DY, ZDREEB
FXTC, BHE SSRLZAL—F1, Ty o7
VBEOEERICEFERE—L S/ 10 100
B% b EFE Ty IANT UM & 3
B THIMIITR>TWS, TOE—LSA4 LT
I3, SSRLE—LS A4 Vv DXSIZHBEDO T+ b v
BNBoNB LHFFIN TV S,

DESY!D19, JRIELR 79D T,
RIIERDORF v VIR K B1BE Y R T L2
ELTW5,

PRIZB AEZZHM /N —713, HtEED
IR ENC L B E— LD E, 2IRTBE R
EFRHWABMBOYZFAEZHEREL TE
ferozn Rl -z DHXDORADREIL,
EREHOBEBEESNIIET, JHITED 1
BIDEE CTHRBIRROEEREDA TS, &
H{ % B\ FO U RRERE B B IC T & B LA X
N3, 3517, BERICBEELZHNTHERS,
F7o, BUHFRHRFEHRLET SV XT LR
TN—Ti, BEZE I NV—TOERNS?D 0
FERELITVEBBAREGHLT, ITvHRT4
WG =tk BRIV F—YI0 @I ARER WY
25 LEERELTVWS, ZOARTIE, KRN
RO IRANF—DYD#Z%E, IVRT 4+
§ =& > T ->THD, Bragg H=EZ 5
TeDITAE R AR B DT HEN SR E
ETE e R

RETIE, BE BREDLRREEESH V-7
MWKEK ® Accumulation Ring (AR) ZHW
TEFRLTWA Y RTF LADBRICOWTHERT 5,

3. ARICEIFTE > X LAREDIRK
ARI3, bY X% vEtEAMain Ring (MR)
DASEREY v/ ThiELE BIT, MRASHE,

— 4 —



A BIBHLS  (1990F)

MRZEEHIZ, BKEEOFIHbTE, BRAEETIK
SEADE—LFA UDEELDOH B, BA T
JU— 713, BHPFD Vertical Wigglers 1 » (B
L14) 2AWVWTEREZTL>TERD), ARDR
MEMAS A : BLNE5 T, BLI4&IZIZRELU
ZR7 MVOXENESNSE L, BLUTRE
— L5 4 v DFET LOHIKTE — LOAEILND

3
o

SN A a =X
- N o> ry
T

S,
=]

BRIGHTNESS{Photons/sec/1% bw./mrad/mrad/mA )

1
10° 108

1 1 |
102 10° 10*
PHOTON ENERGY (eV)

Fig. 3. Srectrum of the various sources :PF bend-
ing magnet, PF wiggler magnet, AR bend-
ing magnet

357

NEmrad IZHE XN TV B, NE S5 TIRKE
AE0mradDBEELR D DE—LNBLNE T
L12EM S, BLNE 5 2 HWCEBHBRE 25
JT&7, B3 ICPFRAERM A, PF Wiggler,
ARRRIBHANSBONBE AR ML EE ED
ThHb, KbEsRIL, 3BkeVOILRLF—%RT,
B 423, BHARMEKEDD Y X7 LDEENE R
o ZDOVATLORFEENNL, EIREIRR O
FiEIC X B2 ETIREIC T 2720, EEAIBE 1
%DERE | mDMELZFFNTELIL (T8bL
BFLREEZR U CERSAZFEN. 2mLL T D
Eg %85 L) THD, TLT2RTO®RE Y
A TLDWERTH 5 2 EAEMEREE L THER
BHOED b ERIICIET 5 2 ETH 5.

3-1 SAHAPRFLOBER

D IEAE ST DIEHFRES 2 W T E— Llg%
MRTBAHRERET L, BEFEFTITIOARNE
HHTH B EDFEND S0 2020

£ 113, BEABOAFE—-LY /X% 8m
E L, Si (81D FEEEAWIIEEDOLEER
DEX, BoNBAE—LTAXEELEDTDH 5,

white beam [ ]
. |=:$= S2
monochromatic i
beam ! St

\\‘g LI
crystal

asymmetrical reflection

S1,S2 : fast speed shutter
M :semi transparent mirror
TV, TV2: high S/N TV camera

L
A/D2 :
i memory
| bank
I
|
I .
[
. | CPU

L]

I monifor

Fig. 4. K—edge subtraction system under construction at the AR. The images
appearing in the output phosphoer are introduced to a TV cameral
and a TV camera2 alternatively depending on the X—ray energies
for above and below the K—edge

__5_



358

Table 1. Caluculating value of the beam expan
sion. Bragg angle at 33, 1TkeV is 6.5°

magnification crystal size beam size

a sin(8+a) w sintf+a)

sinlf—a) sinld-a) & sinl@-a)

'y 4.18 183mm 334mm

5 762 306 mm 609 mm

6 248 917 mm 198 4 mm

o 81 (311)

* w ' Incident beam size = Bmm
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Fig. 5. Relationship between fillter thickness and
the intensity of the transmitted X—rays
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Fig.9. Image of a dog’s chest region.
Some branches of the left and right
coronary arteries, and also the left
ventricle and the aorta are cleary
distinguised
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