44

UHCTUTYT SOEPHON OU3UKWU
CO AH CCCP

e

FIRST RESULTS ON APPLICATION OF THE

SYNCHROTRON RADIATION FOR MEDICAL

; DIAGNOSTICS

Ve.BesBaryshev, GeNeKulipanov,
Ne.AsMezentsev, A.P.Ogirenko,

Vele Om.igﬁ?, V-F-Pindyurin,
Ve.N+.Roshchupkin, AeNe.Skrinsky,
- ~ MeAesSheromov

e e T

MPEMPUHT 8l 26




FIRST RESULTS ON APPLICATION OF THE SYNCHROTRON RADIATION
FOR MEDICAL DIAGNOSTICS

V.B.Baryshev, G.N.Kulipanov, N.A.Mezentsev,
A.P.Ogirenko, V.M.Omigov, ?.F.Pindxurin, V.N.Roshchupkin,
-I!'lu -N . Skrinﬁkj ¥ M‘a A csharﬂmo'ﬂ'

Institute of Nuclear Physics,
630090, Novosibirsk, USSR

Abstract

The selective X-ray imaging method of the patient's circu-
latory system at the absorption edges of elements, which uses
the synchrotron radiation, is considered. It is shown that for
application of the suggested method, at reasonable doses of ir-
radiation, it is sufficient to create the mean weight concentra-
tion of a X-ray contrast slement (for example 1ndinej in the
blood at a level of 0,1-1%. The first results obtained with
test objects and an alive rabbit at the ﬁr K-absorption edge
are presented. The advantages of the described method are an-
alysed compared to the traditional X-ray imaging of the pati-
ent's blood vessels, and the future perspectives of its applica-

tion are evaluated.




Electron storage rings designed for high energy physics
turned oui to be very powerful sources of X-ray synchrotron
radiation (SR) arising from the motion of electrons in. a mag-
netic field. In contrast to the radiation of X-ray tubesa, the
SR has a continuous spectrum and is concentrated within small
angle near the plane of an electrﬂﬁ orbit. The SR intensity
in the X-ray range is several orders of magnitude higher than
the radiation intensity of the most powerful X-ray tubes /1/.

The essentlial advantages of the SR over the fﬂdiatiun of
X-ray tubes as well as the highly devalnpéd procedures of data
acquisition, storage and displaying in a form convenient for =
researcher, which are being currently used in elementary par-
ticle physics, enables one to hope to raise the conventional
methods of X-ray medical diagnostics on a qualitatively new
level., The present paper is devoted to the possibility to study
the pathology in the circulatnrw-syﬂtam and different,nrgaﬁs
of the human body, which are capable of 3tcrnge,.in appreciable
concentrations ( 3-0.1%5, X-ray contrast compounds (for example
icdine) by the selective X-ray exposure at the absorption edgéa
of elements.

At present, the angiography méthods, the radiographic
study of blood vessels, are sufficiently developed in medicine.
The main idea of angiography is to introduce a high-concentrat-
ed contrast substance (with 30-50% of iodine in it) as.clnse as
possible to the point under etudy. The contrast substance, up
to 60-80 ml, is injected into this point with a catheter_in-
gerted into one of the large blood vessels. After injection a
fast exposure of a series of roentgenograms is carried out. In
practice, the angiographic study is a specific surgical opera-

tion performed under X-ray monitoring. The below described meth-
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od makes it possible to avoid the surgical injection of a con-
trast substance into the region under examination and requires
& low mean concentration ( £ 1%) of it in the blood to be only
created.
It is well known that the dependence of the X-ray cbsorp-

- tion coefficient g« on a radiation wavelength at definite wave-
lengths changes discontinuously - there are the "jumps" at the
absorption edges (Fig.1).The greatest jump occurs at the K-ab-
sorption edge.Separation of the high-intensity radiation with a
definite wavelength from the SR beam with the use of a monochro~
mator permits to exposure selectively X-ray patterns below (p.A
in Fig.1) and sbove (p.B) the K-absorption edge of the element
under study. #hen the radiation passes through the body's part
containing this element, the intensity of the passed radiation
decreases drastically due to a jump-like change of A4 at the
absorption edge if the wavelength ig awitched ;n from point A

¢ point B. During the wavelength trensition from point A
to point B, the change of X-ray absorption in the remaining

chemical components of the body is negligibly small. In view

of this, the difference picture (obtained by suvbtracting the
roentgenogram taken above the K-absorption edge from the roent-
genogram taken below the edge) contains information on the dis-
tribution of the element in question only. If f,, and .3:5 are
the intensities.af the radiation passed through the body at
some point of the image at wavelengths JL and ./]3 respect-
ively, then the quantity

e =P L;) /6“1'/: .?f;ac.a(ﬂ._% (1)

is proportional to _C4f of the element under study, where: C
is the concentration, 0 is the blood density; & is the blood
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Fig.1. The dependence of the linear X-ray absorption
coefficient on a wavelength (the energy of
X-ray quanta) for some substances,

vessel diameter; hﬂa&',jﬂd is the difference between the
mass coefficients at the absorption edge., With the use of X-ray

imaging when the radiation is detected with the help of ioniza-
tion or proportional chambers of a large dynamic range (a‘f{}#},
a significantly higher effecfiva gensitivity to the concentra-
tions being detected can be expected over the existing angio-
graphy methods.

The method has been tested at the VEPP-3 storage ring at
the Br K-absorption edge with the SR from the bending magnet,
the X-ray pictures have being taken at iwo wavelengths. The




experiment scheme is shown in Fig.2. The SR beam monochromatiz~

ed by a crystal was passed through the hole in the shielding

screen, through the object located on a table with two-coordi-

nate displacement and then it was detected by the ionization |

chamber. The needed radiation wavelength was chosen by the

crystal precision rotation system. During the exposure process
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Fig.2. The scheme for radiation exposure at the absorption
edges of the elements under study.

the object was scanned in two cccrdina{es'relative to the hole.
The picture under detection consisted of 100 x 100 pointe; the
intensity was measured for two wavelengths at each pdint of

scanning. The experiment was completely automatized with the

help of the ODRA-1325 computer.
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The experiments at the Br K-absorption edge carried out

with the *est samples (see Fig,3) demonstrate the possibility
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Fig.3. The scheme (a) and the difference picture (b) of
the test sample. Channels 1 and 2 in plexiglass
are filled with Br solutions with 107> ana 107
concentrations, respectively; 3 - air bubble in
channel 2.

The other object examined at the Br K-absorption edge was
a part of the helix of an alive rabbit, The Br concentration
in the rabbit's blood was articially created by the fractional
injection of the potassium bromide solution through a catheter
into the vein of a hindleg; the rabbit was intravenously nar-
cotized. 14 ml of the 10% KBR solution was introduced;  the
eatimated Br concentration in the rabbit's blood was 2-1ﬂ'3.
The sections for exposure were chosen to be 10 x 10 mcm2 in gsize,
spatial resolution was 0.1 x 0.1 mn?, Fig.4 demonstrates the
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usual (for one A ) and difference (the distribution of ¥ )
pictures of the chosen section. Two blood vessels are clearly

observed in the upper and middle parts of the difference pic-
ture. In the lower part of the picture the wide bed with in-
distinct space boundaries is observed, that looks very much like
the branched small capillary neiwork. In the usual picture only
the collagenic increaﬂgd thickness in the helix (near the
upper vessel in the difference picture) is well seen; the blood
vessels are not practically observed,

With low concentrations of the element under study the

decrease in the int?nsity of the passed beam at the XK-edge be-

comes comparable with inereasing the intensity due to a mono-
 tonous decrease of the absorption coefficient 4 of the body
(the object). This effect limits the quanfities of ultimately

detectable concentrations C€* , because the exact dependence

Fig.4., The conventional (a) and difference (b) pictures
of a part of the rabbit's helix taken at the

Br K-absorption edge.
g 8

Mo (A) in the human body is unknown. This limitation can be
essentially weakened by additional X-ray exposure at the third
wavelength .ﬂ;-=.?l, +al , where al =/L,*—.35 « In this case,
the quantity proportional to concentration will be fﬂﬁ!f&z/fééy
instead of (1).

The main limiting factor in radiation exposure with three
wavelengths is the amount of permissible absorbed dose delivered
to the patient during examination, and hence thé finite statis-
tice of detected quanta. The uitimately detectable concentration
due to the latter effect may be eatimated as follows:

-5 exp (05 fo: Por A '
c*d = 6-10 /‘ﬁ'j pas s e d) (2)
p ' B.J J"ﬂi aﬂ ] 2
Here g4 is the body thickness, cm; '/x is the mean density of
the body, gfcmB; J 1is the total absorbed dose (for three

roentgenograme) on the surface of the human body's part under

irradiation, X ; £ is the spatial resolution of the roentgeno-.

E_ram. Ci} a’in cm; j in A? ; e and A4 in cmzfgi _P in g!cma.

To examine different organs of the human body, it is necea-
gary to use hard X-ray radiation with a quantum energy of =30 keV.

The SR of the needed intensity with such quantum energy can be

generated, for example, by a superconducting wiggler installed

at the storage ring VEPP-3 /3/. Let us evaluate the possibilities
of the method for studying the patient's blood system at the I :
K-absorption edge ( A = 0.3739 A; AfL = 30,1 Bmngi e =

= 0.325 t:'.,mzi'g; Pe=p=1 gfﬁms) with the help of X-ray exposure
for three wavelengths., The spatial resolution of roentgenograms

is taken %o be. equal to 1 x 1 mm°. In this case, the ultimately
detectable concentrations of I in the blood versus the thickness

. A of the body's part under examination, the total duug of
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irradiation on the body's surface and the diameter of the blood N e }1Bih1€ alteratians; e
vessels under study can be estimated with the help of Fig.5. T SRR e mbigs v Ly
If the number of quanta A/ is larger than a definite level R it :
ctd , this implies the possibility to detect the concentra- 1 R e igainﬂ L e
tion C” in the blood vessels of diameter ad

can be expected to be detected. For the vessels of 5 mm diame-

ter the detectable concentration will be C'=:4.B'1D'4, re-

spectively. In studying the thiner parts of the body the quanti-
N,quanta/mm* -

104 ijl ty ¢® decreases esgensially. For example, for a hand (4= 4cm)
' |

the quantity ¢* is equal to about 8.10™° at the same dose and

e blood vessels of 1 mm diameter. Without going into details of

cd.mm 1 .
o hhh““ﬁmh - injecting maximum possible concentrations of iodine into the

: blood, we would like to note that, according to conventional

"\‘_
"“-..___H
| \ \D | :
1fihhﬁh“ﬂuhh 1~HHH;HHHHHH“HQEJLHH i engiography methods, up to 80 ml of the high-concentrated con-

trast substance is introduced ( = 50% iodine). This corresponds

b,,,,
HHHHHH;ET‘ﬁAu‘“nh‘Hhhqaﬂﬁh‘ to the mean concentration of I in the blood, = 8-16'3. and

'a-‘k

N g
"“\\
0* 1 %

appreciably exceedgthe above estimates., With the selective X-

ray exposure at absorption edges it is sufficient to create

the mean concentration of I in the blood, that can be realized,

for example, by a slow injection of contrast substances into

a vein, regardless the location under examination.

It is worth noting also that it is possible to synchronize
the radiation exposure with different phases of cardiac con-

tractions, and hence to study the heart and large blood vessels

at different stages of bloo&'filling.

Fig.5. The number of quanta A (the coordinate axis
to the left) per point of one image, which were
passed through some body's part of thickneas A
at different total doses of irradiation D, The

—

levels of the product (the coordinate axis to It is necessary to mention feasible difficulties which can
detectable iodine :
Eﬁﬁciiﬁﬁziigi E?f Eitgmﬁzzigtei i; of the blood & be encountered in the selective X-ray exposure of the human

vessels under examination. body's parts. First, a large mumber of capillaries on the path

The reference data /4/ on rauiation sensitivity of the of the X-ray beam can worsen the degree of contrastness of the

patient's different organs show that in practice, the absorbed | blood vessels under study. Second, detection of all blood ves-

sels in the region under investigation (unlike the conventional
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angiography where only the vﬂaqelﬂ being analysed are contrast-
ed) can complicate significantly the picture under observation.
If the image is too complidﬁted for its clear interpretation,
then the definite part of the body should be exposured in sev-
eral projections and the difference pictures should be addition-
ally analysed. An experimental study needs to be done to solve
these questions. :

The estimationa and first experimental data demonstrate
the applicability of the selective X-ray exposure method for
a study of the patient's circulatory system and its essential

advantages over conventional angiography methods,
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