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Development of Micro-Angiogram Using
Monochromatic Synchrotron Radiation and Its Clinical Application
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Tokai University School of Medicine
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The conventional radiographic system for clinical use has a considerable difficulty to
visualize small vessels or secretory ducts with a diameter of <5002 m. We have developed
a new radiographic system using monochromatic synéhrotron radiation (SR) with size of
150mm X 25mm as an X-ray source and a newly developed Avalanche-type camera tube
for high definition TV system as a detector. Monochromatic SR with energy just above .
K-edge of iodine maximized the difference of X-ray absorption between by body tissue
and iodinated contrast material. The camera tube described above with a high effective
quantum efficiency (100 times higher than conventional TV camera) could detect small
number of photons per small pixel under a limited X-ray exposure to the ObJBCtS (1.6
R/sec). This system can visualized small vessels of heart, brain, intestinal organs, and
small branches (down to 5th order) of pancreatic duct in anesthetized dogs with a spatial
resolution of 40xm. This radiographic improvement potentially could lead to a new
dlagnostlc paradigm for micro-circulatory disorder and mahgnant tumor at an early
stage in various human organs.
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Figure 1. Schematic representation of the experimental setup and Bragg
reflection (right upper comer of the Figure). The contrast images were formed
on the fluorescent screen and via an avalanche-type image pick-up tube
camera with 1025 TV lines stored on analog video system. Abbreviations. Si:

silicon, SR: synchrotron radiation.

Table 1. Descrptions of monochromatic X-ray source

light source

electron (or positron) energy
Ring current (mA)
monochromator

X-ray energy

Radiation field (mm)

Photon flux of monochromatic
X-ray (photons/mm?sec) -
Radiation dose R/sec (mSV)
FWHM (KeV)

ARNES
benkd‘ing magnet '
 5.8CeV

40ma

Si(311)

333KeV.

150%25 (6.5GeV) ' 150%70.(5.8GeV)

1X10°

1.6 (16)
0.13KeV

Abbreviation. FWHM:full width at half maximum of the monochromatic

X-ray spectrum with a peak energy leve] of 33.3KeV
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Figure 2. Relations of photon energy and mass
attenuation coefficients. ,
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Figure 3. Contrast radiograms of ileal arteries taken
by SR with an energy of just above (panel A) and
below the K-edge (panel B).
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Figure 4. Spatial resolution of the detecting system
evaluated with a MTF chart.
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Figure 5. Microcoronary angiogram. The penetrating
transmural arteries are indicated by small arrowheads.
The terminal segments of coronary arterial branches
on the cardiac surface are shown by arrows.
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. . panel A
Figure 6. Coronary angiogram of aortico-coronary

bypass surgery. The arrow indicated bypass graft and
arrowheads native coronary arteries.

NTWB"?, KL D, BINVEINE OEFRIIFT
i E g, Syndrome X iE2D T L,
REIRSPIRAELE, SIMEMOIRE (IhoDRE
Tid, KBIRSFORE, &2 VERMEDIHIT
DRI BT OHEAYIND O L OIERNET 2)
IEARTLUMHRE (RO T DIEASES B)
18 EDIREBTHE U 2 DRI ORRZ MR T &
% (LMD IEARTRERL I B U T IIE O ¥ A+
HTH B IcDIIMREAS SN DY 5 2 &
FRO—2 &L 6NTN5S) o HBHIK WK
DB LHBRAEN RN & 75 - Tl & B BROIES
EDUHEIIX LT, FEEMR S 2 S 2Ty (Fig,
6) /b= R FOWTREZ IR 5 (Fig. 7) 13
& DIREEA LS BRI & D IIRAE DUWED B A
b5NB, TOXHBIFIT, KiFOM/NEIME DR
ZOHMABETE L, NA/XZFRP IV —
EOBEEE LD EHIHEET 2 E08TES
LEZONDE, THDDL, RIEOHEINEICEED
PRENGHE L TV BBEITIE /S A /S X FERoN Figure 7. Coronary angiograms of before (panel A),

o L - N e during (panel B) and after (panel C) coronary
N— D BEOBEPEMETT A5 L x0T angioplasty using a ballon catheter. The arrowheads in

TEBH 5 Th b, the panels indicate the coronary arterial segment just

before (panel A), during (panel B) and after (panel C)
/NI DB RK EE X SN TV AN coronaryangioplasty using a ballon catheter. The

e PR E—— W segments shown by the arrows in the panel A of Fig. 7
Tt (lacunar stroke)” EFFIEN BRIET o, I are comparable with those segments shown by the

MUNIIE SR & 2 MWL OHEA LI c&  amowsinFig. s.
o F1, DI, MOEOOINTEBNTH, #

panel B

panel C



404

INVE IR U 7 BOIRASES L I B A S 2 B o8
Re&d&dicinnid, EELEREEREIT
DEBEE IS B, THbDL, BEARDOMEIER KT
FEOFREERIRBIC T L bAEL L2 TH A S,
Fig. 81213 R DPEMI M G 9 % P NEDARE:
(3L A) EERIRE: (3 IVBRED 2 E
rméo%m TP, Nh7s & ClddE A4 210
DGR AoV & BHOIEE 2889 5 LTk
66%{:6:7‘&%:.&:75* ELiED 5, BHRHEREDZ
WIERHAR A INE AN LTS EO MK OMHE%
RFTVWBDT, IEHFEHAEE D bEEHITHRE < g
FEH5LVFN DB, UL, BERE1LSem T
O/NEBETI, MREOZEIDIL WD, 1Ek
DIMEGERE TR IE R & BYEE O8) o3
FDHOEREFROHT LI cH 2, Ak
ﬁ%&rﬁ#ﬁFer%ﬁ%&@J%@ﬂ
TH D (Fig. 8/ 3 VBKHD , IEFHIAE & ik
B ) OmbiEEs &5%£Dﬁ®&m%
RIHTE AR H 5, 51T, REEIED
O TN IME DTERE DR B EHIE T 5
ENTE AT G H 5, BEERIOBERD 729
A Y a ) O INEE & 1S o TR 245
DI LT 72 25D IMED HERIFNT i & e
BEROBE 2 BEREEE TV 75 vy 2 BA A
CTEMOTER L, JOBETIE, SRR
Wi BUNEE £ THIBITI T & B & EHHER
SNt BRI BE LR ST ET S & EE
Z ke % L FEBREOMBEE DR L b BIRE D72
WroE EicE5 35 b0 ETFEIN S,

4. ERIKICAN Q%G

P id, HBRFEEFIMOMITE AT E LT
GB—HL BIARL RS, AEEEYEHE)
- CHIZERZER y RS (TEERSNEL ARD |, H
VEREERE 7 — (JERSARD &0 5 Rk
SN AEFEF — LEIED, AMNNE G
DOEEIRIEHAZETE L TW 5, BRKISHZTTS 729
i, FEROBYERGITDONTE I E — LT A

AR E8EFE4ES (1995%K)

panel A

panei B

Figure 8. Radiography of smell arteries feeding
}(:Ba)nine pancreas (panel A) and venous drainage (panel
VIREOME TR TH S LIFNAE0, (Ta-
ble. 1), AMKEVADEKEDENEBRET NI,

XERBINEPSRDIGE L ODIEOZ BB EEX
ENBENLTH b, I T, WANE (multipole
wiggler) 2k DHFHEEADII LI Szt
fBieEmdicE— LT 4 »E2NHELT, HKRIOHZ
1TOEND 5, WINEIERICEENTFEHENS
TERY, &% WIZ/NEIRFEDEED N A RERIIL & D1
HAITH & ARTICH O TR IR £17 > T
W5,

1) Leikof, W., B. L. Segal, H. Kasparian. Paradox of
normal selective coronary arteriograms in patients



HMatt FE8HAFE4LE (19954%)

considered to have unmistakable coronary heart disease.
New Engl. J. of Med. 276, 1063 (1967).

2) Canon, R. O. and S. E. Epstein. “Microvascular angina”
as a cause of chest pain with angiographically normal
coronary arteries. Am J. Cardiol. 61, 1338 (1988).

3) Hoffman, J. I. E. and J. A. E. Spaan. Pressure-flow
relations in coronary circulation. Physiological Review
70, 331 (1990).

4) Fisher, C. M. Lacunar strokes and infarcts: a review.
Neurology 32, 871 (1982).

5) Cubbila, A. L. and P. J. Fitzgerald. Tumors of the
endocrine pancreas. In Atlas of Tumor Pathology
Second Series Fascicle 19. Armed Forces Institute of
Pathology / U. S. A., Washington D. C. 36 (1984).

6) Schoen, F. J. and P. Libby Cardiac trasnplant graft
" arteriosclerosis. Trends Cardiovasc Med 1, 216 (1991).
7) Hruban, R. H., W. E. Beschoner , W. A. Baumgartner,
S. M. Augustine, B. A. Reitz and G. M. Hutchins,
Accelerated arteriosclerosis in heart transplant recipients
is associated with a T-lynphocyte-mediated endothe-

lialitis. Am J. Pathology 137, 871 (1990).

8) Mori, H., K. Hyodo, K. Tobita, M. Chujo, Y. Shinozaki,
Y. Sugishita and M. Ando. Visualization of penetrating
transmural arteries in situ by monochromatic synchro-
tron radiation. Circulation 89, 863 (1994).

o ;:small vessel dlsease

rlmt nb@&mMMmmmrgam
. 'mlcm—anglography
 NEO R SR ORI T B ik B
 %mﬁ%mh&Ltﬂ$m%m%m$ﬁ§umuﬁb
MR ERED ST

&
[
)

: ﬁkf’e‘fﬁ\“) @w'jg tdﬁ{%%;%ﬁ U te HARP
, ,k'k/ / :.i%{ %) ’E:Fﬁb\f_rau* fﬁBT ¥ tﬁ)‘ 7
""synchrotron radlatlon & E% : ‘

405

9) Mori, H. Toward clinical intra-arterial microan-
giography. Synchrotron Radiation News 7, 27 (1994).

10) Rubenstein, E., R. Hofstadter, H. D. Zeman, A. C.

" Thompson, J. N. Otis, G. S. Brown, J. C. Giacomini, H.
J. Gordon, R. S. Kernoff, D. C. Harrison and W.
Thomlinson. Transvenous coronary angiography in
humans using synchrotron radiation. Proc. Nat. Acad.
Sci. 83, 9724 (1986).

11) Hyodo, K., K. Nishimura and M. Ando. Coronary
angiography project at the photon factory using a large
monochromatic beam. In Synchrotron Radiation Hand-
book. S. Ebashi, M. Koch and E. Rubenstein, editors.
Elsevier Science / Holland, Amsterdam. 55 (1991).

12) Tanioka, K., J. Yamazaki, K. Shirada, K. Taketoshi, T.
Kawamura, T. Hirai and Y. Takasaki, Avalanche-mode
amorphous selenium photoconductive target camera
tube. Advance in Electronics and Electron Physics 74,
379 (1988).

13) Tanioka, K. and K. Shirada. A Highly sensitive camera
tube using avalanche multiplication in an amorphous
selenium photoconductive target. SPIE 1656, 1 (1992).

14) Umetani, K., T. Kajiyama, K. Ueda, Y. Takasaki and H.
Yokouchi, High-sensitivity digital radiography using an
avalanche-type image pickup tube camera. SPIE 2163,
361 (1994).

£

‘ J'Avalanche-type hlgh def‘mltlon TV camera

TY vy (@ %atnﬁ%>%#ﬁm BLE
(7'7"7;‘)

monochromatlc X—ray

HeeE ) 2 ik a%}?ﬁ Wiz Braggfiﬁj‘k )

| HHEOXRIERLE L0,



