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Microangiographic Imaging Using High-Resolution and Real-Time Image Detectors

Keiji UMETANI

Japan Synchrotron Radiation Research Institute

Digital microangiography with spatial resolutions of 8 and 11 p m has been carried out at SPring-8 for
the depiction of newly formed blood vessels in an animal model of cancer using two types of detectors. An
X-ray indirect conversion type detector is a fluorescent-screen optical-lens coupling system using a high-sen-
sitivity pickup-tube camera. An X-ray direct conversion type detector incorporates an X-ray direct-sensing
pickup tube with a beryllium faceplate for X-ray incidence to the photoconductive layer. Small tumor blood
vessels with diameters of around 20 um in an immature vascular network produced by angiogenesis (the
development of new blood vessels) were visualized after contrast material injection to the artery. The
microangiography system will be a useful tool for evaluating the microangioarchitecture of malignant

tumors.
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BERYLLIUM WINDOW &
SCREEN

Figure 1. A view of an X-ray indirect conversion type detector.
The detector consists of a beryllium window, a fluorescent screen, an
optical mirror, a high numerical aperture lens system and an avalan-
che multiplication type HARPICON camera. X-rays are converted
into a visible image by the screen, and the mirror deflects the lu-
minescent light 90° to the lens system that focuses it on the video
camera.

Figure 2. A photograph of a spatial resolution chart taken by the
indirect-conversion detector. The photograph is a digital zoomed
image of the central portion of the resolution chart. An equivalent
pixel size projected onto the fluorescent screen area was 7.3 um. The
numerical values in the image show the widths of the stripes. The
stripes of 8.8 um in width appear in the image.
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Figure 3. A view of an X-ray direct conversion type detector. The
camera head incorporates an X-ray direct-sensing pickup tube
SATICON. Absorbed X-rays in the photoconductive layer of the
tube are directly converted into electron-hole pairs, and signal
charges are read out by electron beam scanning.

Figure 4. A photograph of a spatial resolution chart taken by the
direct-conversion detector. The image was obtained at an input field
size of 9.5 mm X 9.5 mm. A pixel size was 9.5 um. The stripes of
11.8 um in width appear in the image.
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8 GeV ELECTRON BEAM

Figure 5. A schematic illustration of the experimental arrange-
ment for microangiographic imaging. The monochromator
produces a fixed-exit monochromatic beam, tunable in the range 9
keV to 70 keV. X-ray images of animals transplanted with carcino-
mas were detected by the indirect- and direct-conversion detectors
after iodine contrast material injection to the artery.
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Figure 6. An image of blood vessels in the transparent chamber in
the skin flap taken by a conventional light microscope. Through the
transparent window, we can observe the backside of living skin, into
which a rodent tumor was transplanted. In the image, ‘A’ shows ar-
teries and ‘V’ shows veins.
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Figure 7. A microangiographic image of the mouse dorsal skin.
Real-time images were obtained by the X-ray indirect-conversion de-
tector after iodine contrast material injection to the artery. In the
image, ‘A’ shows arteries, ‘V’ shows veins and ‘T’ shows an imma-
ture vascular network derived by the solid rodent tumor.
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Figure 8. A radiographic image of a rabbit auricle specimen trans-
planted with the VX2 carcinoma was taken by a conventional X-ray
tube and film/screen system. At seven days after transplantation, the
auricle specimen was fixed in formalin after barium contrast materi-
al injection to the artery. An immature vascular network is shown in
the central portion of the photograph.

Figure 9. A microangiographic image of the rabbit auricle ob-
tained after iodine contrast material injection to the auricular artery.
Using the X-ray direct-conversion detector, real-time images were
taken at three days after transplantation of the VX2 carcinoma.
Black arrowheads show a vascular network derived by the solid
tumor.
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