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ABSTRACT

The National Synchrotron Light Source (NSLS) angiography program is
under development. The program is a collzboration begween the Stanford
Tniversity angiograchy Project and che XSLS. A 180 o elimiczl Zzeilizy

4 bezm line is being comstTucted =
er racdlation source. 2Projected stars-up dats I

The angiography program at the Natiomel Synchrotron L:
(XSLS) is z collaboration with the Stanford Universizy

Project. As long ago &s 198l it was clear to the project =e

of a clinical facility in the United Stastes for long-terz studiss. Such
2 facility would need many weeks of synchrotron radiation beam each
yezr, high energy photons to image at the iodine K-edge, z completely
equipped angiography suite with full patient care facilitias, locel
medical support, and the availability of a large patient pool. The
Stanford Synchrotron Radiation Laboratory (SSRL) was not in a position
to guarantee large blocks of operating time or to provide a full clinic
for long-term studies involving hundreds of patients.

In 1982 the NSLS x-ray ring was nearing completion. Although the
bending magnet spectrum with the ring at 2.5 GeV would not be able to
supply the necessary high flux at 33 keV, a superconducting wiggler
magnet was already being constructed. Such a device at the NSLS would
produce a factor of 5 to 10 more photons than were available at SSRL.
In addition, an NSLS construction program (Phase II) was approved by the
U.S. Department of Energy to upgrade both the conventionzl facilities
and the experimental capabilities by the installation of new wiggler and
undulator radiation sources.
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Thus, the situation was ideal for planning and implementing the
long-term clinical phase of the angiography program. 1In 1982 the
director of "he NSLS agreed to guarantee 25X of the operational time of
the superconducting wiggler beam line (X17) to the Stanford angiography
program. With this guarantee of as many as three months a year of beam,
the NSLS Phase II building program was modified to include a complete
angiography clinic consisting of direct elevator access, patient
reception, examination room, recovery areas, physician’s station,
computer room, monochromator cave, and toilet facilities. The NSLS
agreed to complete the conventional construction of the facility, the
patient safety interlock systems, and the x-ray beam transporxt to the
angiography suite. On-site human studies support and protocol would be
under the control of the Brookhaven National Laboratory Medical
Department. The Stanford Angiography Program would supply the imaging
system, computers, patient positioning chair, staff, and the medical
research program. .

Over the last several vears, the above agreements have been
implemented. The Phase II expansion of the NSLS facility will be ready
for occupancy by the staff in July 1987. The x-ray ring is currently
shut down (May 1987) for installation of the insertion device hardware.
The clinic will be compleze in the summer oi 1987, readv fcr the icaging

svstem to be moved fror SSRL. Construction of cthe Z17 bezm line has
started, with the first photons expeczed down the line Zror the
superconducting wigzler in early 1988. Ancicipated stazrz-up of the
znpicgraphy program Zor numan studies is the suzmer of 188E.

Zr. IZ. Rubemnstein, one of the :*11ci;; the
Stznford program, hes been actively develop ons with
medical research groups in the New York City me: opol*:a . At

present, collaborations have been established with stzff Zrom New York
Tniversity and the Nor:th Shore Un*'ve:sit}’ Hospital. 7Tnus, coupled wich
the progracms Zrom the Stanford University Mediczl Center and the Palo
£lco Veterans Administration Hospical, & full reseerch program is
assurec Irom start-up.
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In this paper, we will detail the characteristics of the photon
source, the beam line design, and the clinical facility physical plans.
The up-to-date reporits on the instrumentation and mediczl progress of
the Stanford Angiography Prograr can be found in the references 1},
enc¢ in reports at this meeting by Dr. E. Rubenstein ané Dr. H. Zeman.

II. Photon Source

Prior to the 1987 shutdown, the NSLS x-ray ring was operating at
2.5 GeV with current fills reaching over 200 mA. The lifetimes for
these beams were in excess of 10 hours at 100 mA. Figure 1 shows a
recent day of operation, displaying the current vs. time for the x-ray
ring. When the ring is recommissioned in late 1987 and early 1988
similar operation is initially expected with ultimate currents in the
300 mA range within a year.
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The «ngziography program will be carried out using the central 5
mradians from the NSLS superconducting wiggler (SUW). The 5 center
poles of the magnet are at the full magnetic field, while the end poles
are each one-half field. The SUW has undergone field measurements on
and off the central axis. Field integral measurements with a long
rotating coil and local field measurements with a Hall probe were made.
The peak field in the SUW can be routinely taken to 5.4 Tesla (215
Amperes) without quenching. Higher fields (about 6 Tesla) are possible
with increasing probability of a quench.
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Figure 1. Current vs. time for the NSLS x-ray xing.

The white beam flux from the SUW will be filtered by pyrolytic
graphite filters before passing through Be windows. The anticipated
flux for the ring at 2.5 GeV and 300 mA current is shown in Fig. 2. The
calculations [2] were carried out for the beam passing through 0.391 mm
of graphite and 0.508 mm of Be. The limiting vertical aperture was 1.5
mradians.



One of the problems facing all optical systems, especially the SUW
beam line, is the high power density in the beam. For the X17 beam
line, a Xenon gas filter has been designed and constructed [3]. Xenon
gas has its K-absorption edge at 34.6 keV. For a Xemon filter 180 mm
long at 1 atmosphere of pressure, the total power on the first
monochromator crystal will be decreased by a factor of 5, while the flux
at 33 keV will only decrease by a factor of 2. The Xenon filtered

spectrum is also shown in Fig. 2.
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Inscrupenzasion

The imaging system and beam line from the monochromator through to
the detector system will be directly transferred to the NSLS from the
program at SSRL. Detalils of the monochromator, shutters, beam monitors
and apertures, patient mover, detector, and image analysis are to be
found in the references relating to the Stanford University program
[1]. It is very reasonable to anticipate that the availability of =&
dedicated laboratory for angiography will lead to rapid advances in
various techniques. Detector development will continue for higher
resolution imaging, various: new monochromator optics will be tried to
improve the quality and quantity of the imaging signal, and beanm
filczering will be studied to decrease thermal problems with the

monochromator. !
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In order to deliver the white beam from the SUW to the angiography
monochromator, the beam line design has had to deal with the extreme 1.2
kW/mrad of power in the central beam. 1In addition, beam must be
provided 75% of the time to the material sciences program which resides
upstream (toward the SUW). A schematic plan view of the X17 facilicy is
shown in Fig. 3. The beam is collimated in both the front end and just
before the material sciences monochromator by water cooled apertures.
When the angiography area is using the beam, the material sciences
monochromator is moved out of the beam line (remote controlled) and a
beam transport pipe inserted through the material sciences hutch, X17Bl.

In the present design there is also a side station, X17C, which
will use the inner three mradians of the SUW beam. That program will be
independent of the operation of the angiography studies, and is
dedicated to high pressure physics.

The first optical element of the angiography beam line is the
monochromator at 33.9 m from the SUW. A maximum of 5 mradians of
horizontal beam is transmitted by the apertures, so a maximum of 17 cm
is incident on the monochromator. Since the patient is located at 36.9
m from the source, an image field 18.5 cm wide is possible.
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to the suite from the outside of the facilicy led to nt
location of the elevator. Pacie enter thie rece n ea
without seeing the experimenzel hall of the x-zay Zacilicty. The dertails
of the clinic zre shown cn Fig. 3. & toilet Zacility is ave in
the reception zrea for the convenience of the zatients. Pzl be
exacined and rest iIn the examirnztion azrez. <This zrea can a
future catheterization lab

The radiology room has been designed rather large to accommodate
the beam delining slits, position monitors and dose measuring detectors,
as well as the patient chair and the detector system. Medical emergency
equipment such as a crash carc will be in this room.

The attending physician will control the imagiry scans from the
physician’s room (PHY) adjacent to the radiology room. From here, the
physician can communicate with the patient and the staff in the compucer
room. The data acquisition and image processing systems will be located
in the computer room. The physician will be the final safety officer in
charge of determining the patient dose limits and having immediate
access to the patient. It is anticipated that the human studies safety
systen will closely parallel the system used at SSRL. Details of that
system are available [4].
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V. Sumpmerw

The Stenforé/NSLS Angiography Progrzm will be rezdéy for the sters
0f «clinical evaluation studies in 1988. 7The human studies commicttees
at Brookhaven National Laboratory are reviewing the imaging protocol,
the physiczl facilities zre nearing completion, success hzs been
accomplished in imzging human coronary zrteries at SSRL, the Kew York
metropoliten research community is becoming active in the program, and
staffing at the NSLS for these major programs has commenced. The staf?f
of the National Synchrotron Light Source is looking forward to many
years of progressive medical research on the X17 SUW beam lines. :
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their cmployees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that iis use would not infringe privatcly owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof,



