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Depiction of Blood Vessels by X-Ray Phase Contrast
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Blood vessels in livers of a mouse and a rat were depicted by phase-contrast x-ray imaging with an x-ray
interferometer without using contrast agents. X-ray interference patterns were converted to images map-
ping x-ray phase shift caused by the livers using the technique of phase-shifting x-ray interferometry. The -

- arteries and veins to and from the livers were tied before excision in order to prevent blood from flowing.

out of the liver. The x-ray phase shift caused by blood was substantially different from that caused by other

 soft sues, and consequently trees of blood vessels were revealed in the images. Vessels of diameter smaller
than 0.1 mm were detected. This result suggests new possibilities for investigating vascular systems.
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Figure 1. A simple model for estimating x-ray phase shift caused
by a blood vessel.
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Figure 2. Phase-contrast methods in the hard X-rays region studied using (a) an X-ray interferometer, (b) an analyzer

crystal, and (c) a point-like X-ray source.
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Figure 3. Regions sensitive with the phase-contrast methods using

(a) an X-ray interferometer, (b) an analyzer crystal, and (c) a
point-like X-ray source.
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Figure 4. (a) A photograph of an x-ray interferometer used in this
experiment. (b) The experimental setup using the x-rayinterferome-
ter.

73, BEWEEEZ D LTHHFR 2 KFERA THRLT 50
DBEFE LA, COHE, FERHNy ME L XRTE
SORFHEBEDO< v F VI PRELLD, HBRELTEE
HICEN, BEEOBY, SHICXROMER AR

WEEBR R A ETF AT ERTES,

Figure 4(b) IC7R 9 & D10, FBHIAB A TRz L
127 7 UINVBORBIZAN SN TFETTO—FHTOE — 2408
AR BEI N, MFCEREEEYER T 5000k
FfAERPRE SN 5, XBETBREOHBICIE X HERY
FaVEO B RN, EHREY A X%18umx12um & LT
B L, 14mmx9.2mm OB EHEE Lz XHTEE
BAEEZ2S mmXx 15 mm OFEHERBEER L TWiz), &
B, BB I NS X #5RE13#9 3 x 108 photons/mm?2
[s THY, —WOMHETy 7% 5HOFTHERE» HFHE
L, &0 X fpRSRREIL18M Th - 1,

4.2

Y I A ML BMEREOFEEZRAR L7280
I, XUARUS vy FORELEER L 7-, FFBIBIEEN
IR Loy, FOFBABLAMEEED, mEHOMm
WA NH WX DI L,

4.3 ERNE

AR ABENSINETH 5B, EBICELR
A<y TICRFBONFIC L AT F 5 A FAMED
OV FSAMIER> T A, £2CC, MEC LBV
FSAMERELTBHIDIANFICEIHTV/ S AFELT
DFIETHRE L,

T, MBIC LAV FSA FPARIRIEIC XS DI
EARTHGEROHTH AT L 2R E LT, #ERAL—
VVIMEBIZEYD, MBI LSBTV S A FDOEBKRET
25 &L, AL, AL—VVIRiBOEBROES, M
BOaVIFSAMPENLEEZONS, RETRT
Fig. 5320 L5 LTHELNASDTH S, ZOMHE
12 & O FFROBRERR S R UK WIE ORI ET 7 —F 7
7 7 FBRFELTWAHR, Bl W,

5, RERFER

Figure 5(a) iC~ 7 A, Fig. 5(b)iCF v FDRF
ETHEONEREYRT, MR SERYETEA
TNTHWEWA, WTNOBERICHMERES LR AON

_3‘



110

b)

Figure 5. An image obtained with 17.7-keV X-rays revealing
blood vessels in livers of a mouse (a) and a rat (b). Vessels about
50 um in diameter are revealed.
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