Presented at the First World Congress of LBL-3342
Nuclear Medicine, Tokyo, Japan, C.
September 29-October 5, 1974.

MULTIWIRE PROPORTIONAL CHAMBERS IN
NUCLEAR MEDICINE: PRESENT STATUS AND PERSPECTIVES

V. Perez—Mendez, 1. Kaufman, M. R. Powell,
D. C. Price, 1. Blumin and R. Cavalieri

September 1974

Prepared for the U. S. Atomic Energy Commission
under Contract W—7405—ENG-48

TWO-WEEK LOAN COPY. )

Thi? is a Library Circulating ,Cd;iy
gol:tch may be borrowed for two weeks.
a personal retention copy, call

Tech. Info. Division, Ext. 5545

>

pee-1471



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



MULTIWIRE PROPORTIONAL CHAMBERS IN NUCLEAR MEDICINE:

PRESENT STATUS AND PERSPECTIVES

‘V.‘Perez—Mendez*, L. Kaufman, M.R. PowellT D.C. Price
University of California

San Francisco

and
L. Blumin, R. Cavalieri,
Veterans' Administration Hospital

San Francisco

ABSTRACT

.The construction and operatiﬂg characteristics of Xenon filled Multi-
wire Proportional Chémbers (MWPC) for Nuclear Meﬁicine_imaging are described.
The resoiuﬁionvand image quality of these devices is demonstrated by various
iméges taken with a rays rénging in energy from 28 kev to 140 kev. From
some measurements done with a 4 atmosphere chamber, i; is estima;ed that 10
atﬁosphere Xenon filled chambers could provide a‘satisfactory combination
of resoiutién (2.m.m.) and detector efficiency for use Qith a rays in this

energy range.
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Multiwire proportional chambers (MWPC) were originally developed as
position éensitive detectors for particle bhysics research. When filled
with Xenon at pressures ranging from 1 - 10 atmospheres, they are e#cel—
lent detectors for gamma ray distributions and.can provide intrinsic spatial
resolutions better than 2 mm for photon energies be»t'ween 25 and 140 kev.
with present data rates up to,lO5 events/sqc which allows for dynamic studies.

The basic chamber (1) is shown schematically in fig.1l. It éonsists
of three grids of parallel wires enclosed in a gas-tight envelope filled
with a Xénon 93% - Methane 7% ﬁixture. The spacing between grids varies
frém 3-10 millimeters, and that between wires varies from 1-3 millimeters,
depending oh‘the size of the chamber and the spatial resolution required.
The center grid, on which the avalanche multiplication occuré, cohsists of
~gold-plated tungsten wires typically 15-25 microns in diameter; this grid
is held at a high positive potential relative to the two éutside ones. The
wires of the centfal grid are connected together and the pulse-~height infor-
mation obtaihed from it, allows fqr energy selection of the gamma ray inter-
'acting witﬁ the Xenon. The two outer grids which ére uséd ﬁo obtain the
spatial information consist of larger diameter wires, 50'microns.or larger.
In order t; provide a rectilinear system of coordinates these two grids have
their wire axes mutually orthogonal.

The principle of operation is the following: a o ray photdn entering
the active volume of the chamber through the collimator has a definite
probability for interacting with the Xenon gas by the photoelectric effect.
The enshiﬁg photoelectron will deposit its energy in a small region mostly

in the form of ionization. The probability of interaction and the local-

ization of the secondary electron both improve with increase in density



(p:essu:e)Aof the Xenon gas;erhe electric field between the ﬁire planes
will cause the secondéry éleCtrons‘to drift towards the anode'pléne where
they will undergo avélanche multiplication in a small regién surrounding
a wire‘and prdduce an amplified pulse on it whose éﬁplitude Qill be
pfoportional’to\the energy of the photoeiectron. Simultane&usl&,
ah:induced pulse of the opposité polarity wiil be generated on the cath-
ode wires:by the motion of the ions produced in the a&élénche.

: The coordinates of an ionizing event are determihed by the use of
electromagnetic.delay lines capacitively coupled to each of the orthogonai
plénes of';athode wires (1,2). The diséancg X'orﬂY.of_an ioniéing event
occurring in the chamber is proportional to the time:intgrval between the
onset of.the avalanche pulse and thevarrivai of fhe pulse at the.end pf the
' gppropriaté delay liné. In order to enabie the céthbde plane sigﬁals to
vproduce.;oitage signals of the optimum shape for electrohic'timing, the
wires are decoupled from each other and their gommon'bus bar through ZOOIk
isolating resistors. The cOhStruction and characteristics of our delay
lines have been described in detail elsewherg (2). Alternative readout
methods‘using resistive delay iihes have alsé been developed (3).

A signal that indicates the occurrence of.an'iohizing event is obqaiﬁed
from the‘céntral plane tﬂrough an RC network. This signal is processed
by the technique of differentiation and zero—crossing, and is used to
start two'time—to-émplitude converters, Similarly processed signals ob-
tained from each delay line are used to stop the converters, bﬁe'froﬁ the
x-coordinate line and one from the y-coordinate line;':Analog image re-
construction and display (fig. 2a) is done by using tﬁe outputs from the

converters to drive the x-y deflection plates of an oscilloscope. The



resultant pattern of dots may then be photographed with a Polardid.camefa.
* An alternative method of recording the images (fig. 2b) ié to digi-

tize the time—delay signals from the chamber.and‘thén store the coordinates
of each event on magnetic tape, disc, or randomfgcéess core of a compuﬁer.

We have built a number of chambers operating at atmospheric pressure
ranging in size up to 50>x 50 cm for x-ray transmission imaging,'and for
gamma rays ranging from 28 kev to 80 kev, in nuglear.medicihe applications.

Following initial phantom studies, ;g.iizg evaluation of several
radioisotopes and radiopharmaceuticals is now under way with the single
atmosphere MWPC iﬁ animals and in man. Iodine-125 (28 kev x-ray; 35 kev
@) is useful for Thyroid imaging. Xenon-133 (81 kev x-ray) is well
imaged in ventilatory evaluation of the lungs. ‘Hgfl97 chlormerodrin
(77 kev x-ray) gives excellent images of‘the kidneys, althbugh hampefed
somewhat by tissue depth. Dysprosium-159 (44.5 kev Terbium x-ray) com-
plexed to HEDTA and to polyphosphate has demonstrated excellent skeletal
detail in the rabbit. Cerium-141 (36 kev Praseodyﬁium x—fay) as the
hydroxcitrate forms a colloid which localizes in liver, spleen and Bone mar-
row, resulting in excellent images obtained in the rabbit. 1In fig. 3 we
show the image of a human thyroid taken with I-125. 'In fig. 4 we éhqw
the image of a rabbit taken with Dy-159. Fig. 5 shows images of the liver
and bone marrow of a rabbit labelled with Ce-141 Hydroxycitrate. In all
of these cases we used a Nuclear Chicago low energy high resolution
collimato:, and the good detail obtained is evidént'in the'piétures.

For imaging with the 140 kev gamm# frém ic-99m’wé buiit a pressur-
ized chamber (4 atmosphere) with sensitive area of 20 x 20 cm. Figure

6 shows the detection efficiency as a function of gamma ray energy and



Figure 7 shows pictures of a bar pattern taken with 60 kev and 140 kev
gamma rﬁys. ﬁargér chambers (30 x 30 cm.),ﬁé be used at 10 atmospheric
pféséure are under construction.

.figure 8 shows images of a Picker Thyroid Phantom filled with»ch99m
and of a rat skeleton and liver/spleen labeléa with Tc-99m Polyphosphate
~and Sulfur Colloid respectively.

The spatial resolution of images'obtéined witﬁ the MWPC is limited
by the characteristics of the multi-hole collimators curréntiy:used in
Nuclear_Medicine; The use bf coded apertures—-such as Fresnel zone plate
(5) or multi-pinhole arrays (6) ére especially attractive fo; use with
MWPC since they allow for imaging with good resoiution, proVide images
with tomographic information and make optimum use of the senéitive areas
of the larger MWPC.

Iméging of gamma rays with ehergies above 140vkev can be accomplished
by use of léad converters. Since flat lead converters have low efficiencies,
-their surface area--hence their detection efficieﬁcy——can be increased a
factor of 10 by giving them a honeycomb shape with suitable electric fields
to drift the conversion electrons iﬂtp the avalanche region of the MWPC.

A positron camera consisting of two MWPC, 48 x 48 cms sensitive area with
honeycomb lead converters has been constructed ét fhe Lawrence Berkeley
Léboratory (7) and is being used at the Nuclear Medicine Section U.C.S.F.

The detection efficiency for the 0.51 Mev ahnihilation photpns is
5% for each chamber with two such converters coupled to each chamber.

With the two detectors spaced at 50 cms, the spatial res§lution at the
mid-plane is.6 mm FWHM.

Other configurations of MWPC such as linear, i.e., one-dimensional



chambers, have been built for measuring density distribution of tissue
by gamma ray transmission measurements, using the 60 kev gamma rays from

Am-241, in a transaxial tomography configuration. (8)

SUMMARY

'Xenoaffilled MWPC provide high resoluti@n imaging of x-rays and gaﬁma
rays._ The main deficiency is the low sengitivity of chambers operating at
atmospheric‘pressure. Atméspheric pressurg chambeté in sizes ranging up
t6 50 x 50 cm. have built and used to image radioisotopes emitting
gamma rays below 60 kev. They havé also been used‘in x-ray transmission
imaging to provide digitized images which can ﬁhed be'processed'by computer.
Research is underway to evaluate the advantages and net gain in detection
efficiency that may be realized with the use of coded apertures as com-
pared to the conventional multi-hole collimators.

For imaging higher energy gamma rays such as the 140 kev line of Tc-
99'pressﬁriied chambers are necessary. For higher energy gamma rays such as
the 0.51'Mev‘ lines from positron annihilation, MWPCvat atmospheric pres-— "
sure with-honeycomb lead converters operating as a positron éamera become
very useful. Their main advantage over conventional §cintiliation posi-
tron came:asuis the ease and low cost of construéting large area devices._.
The main disadvantage of lead converter detection is that no energy dis-
crimination is possible, and hence necessitates the use of positron emitters
which are.nbt accompanied by a large fraction of gamma rays in the‘ehérgyv
region<fr9m 200 kev - 1.5 Mev. This deficiency may not be too serious
in practicé since accidentalréoincidences tend to have a fairly unifprm

distribution in space, and the computer logic which records the



annihilation events is programmed to subtract backgrounds of this sort.
Furthermore, there are many medically useful isotopes which are pure

positron emitters such as C-11, N-13, F-18, Ga-68, andvothefs.
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FIGURE CAPTIONS

Schematic diagram of Xenon-filled chamber (a) side view, (b) top

view showing wire planes and delay'linés.*_

. Electronics block diagrams for (a) an;analog'system with scope

~ display and (b) digital system with'stdrage capabilities.

Image of human thyroid labelled with Iodine-125.

Image of rabbit labelled with Dy-159 HEDTA and Dy-159 poly-
phosphate. The vertebrae of the rabbit are seen clearly.

Image of rabbit liver and bone marrow labelled with Ce-141

Hydroxy Citrate.

Detection efficiency of 4 atmosphere Xenon-filled chémber versus
gamma energy. Thickness of chamber including drift regioms is

6.4 cms.

Transmission bar patterns taken with 4 atmosphere chamber: (a)
10 mm, (b) 4 mm, (c) 2 mm, (d) Lomm -- taken at 60 kev.; (e) 10 mm,
(f) 4 mm, (g) 2 mm -~ taken at 140 kev.. v

‘Top image is of Picker Thyroid Phantom filled with'Tc—99 solution

(300 k counts). Lower images of rat skeleton and-liver/spleen
labeled with Tc-99m polyphosphate (300 k cdunts) and Te - 99m
Sulfur Colloid (100k counts).

-



-10-
Collimator

e

/fDdoy line
| DELAY LINE

LA
A
A
’—JVV"‘-

A

i A A A

———— H\/\/\—
2
e e i o

AN
oo AN

STOP-Y

1|
—

|
+
i

¢ 2 & & &

1
et e ftiegy

HE I LA
t

é & 6 6 4 60 &

¢ o

Y

O

0

c
:: A s Iéllll'l
L Je (] e B ATA Auns sl
e M) O © —VW—1---=
SR - Do
: &)
Sy 2 AV
I & A<=
mnﬁ“ o- PV B
Pl e —© BV
EEER AN L AN
_ 3¢ AN -
| : D W -
o & ]

e

+HV

VAR A

XBL 744-771

Fig.

. START



s Ll

TRIGGERED

PULSER
smes P[22
Dise STOP-X
l TAC Z-AXIS
START
START [ ZERD 82 hn \P
CENTRAL e
(PLANE )l/ DISC START
TAC 0SC
STOP-Y g
smex P, e,
DISC 2
START | L ggggs
R LB
TRIGGER
STOP-X o S
CROSS STOP  |cONTROL
DISC DATA 5
200 MHz RECORD -
SCALER | CONTROL D
STOP-Y ]r\ ZERO LOGIC .
CROSS STOP s
l/ DISC TAPE
XBL T23-639

Fige 2.




Rectilinear Scanner

Multiwire Proportional Chamber

Functioning
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Figs 3.
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MULTI-WIRE PROPORTIONAL CHAMBER
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Fig. 5.
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THYROID PHANTOM 9%™rc 100 K

RAT LIVER/SPLEEN 29™c Sulfur Colloid
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Fig. 8.
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