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The. Scintillation Camera fox Raﬁioisotope localigation

' HoO. Anger
Donner labor atory of ledical Physios and Biophysics
and lawrence Radiation Laborstory,
University of California,
Berkeley, Calif,

[ 1

The first scintillation cemera wes bullt at Donner

. loboratory 10 years ago, It employed & 4~inch diameter orystal
B 4 _viemed by seven phctotubes, and was used olinically to %ake pietures -
CRef,l of %he thy‘o;d gland with Todine-131 (1), Although it gave satise

factory results, the small size of ‘the orystal end other fectors

~ limited the resclution. Two yeoﬂs I&ter, when larger crystals were j{f;‘ -

“availdble, an S-inch camera was built, ond it was used in 1958 %o "°*"'

';i‘ ~ take the fzzst.time~lapse ‘motion picsu;@a of a dynamic process inf.z-f?"'

‘vivo, The pictﬁras were_%akén at the rate of omo frame per minute
aftef inﬁravenous iﬁj@ction of 50 microcuries of I-131 Rose B@ngal.
“in a rat, . They showed very rapid uptake of»th@_dye'in the liver,

followed by exoretionm in%o the. gut, Showmn as motion pié%uxea at the

American SOQiety of Bueclear &edicim@ neating in 1960, they illustrate& =

one of %h@ principle advantages of radioisotope cameras over Cone-
, ventional scanners, namely that cameras oan %ake pzotures much nOTS ?"7w
Nr&pidly._: / ' ' . ’

In 1961, when larger cryauals becamﬁ available, a oam@ra i
cee e with an ll-inoh image detector was build, A oross section view of
- Figel -”?‘~_the image detector of this camera is ghown in Fig.I. Hear the haﬁte& SR
‘ a :’v‘*ia the sodium iodide oxys®&19 which 4s 11 imohea in diametor and - R

- A-inch thiclc, and e short distance above is the bank of 19 photos o
' . tubes, - When & gemma~ray interacts with the erystal, a scintillation fffff' 
':conaisting of 1000 to 5000 light photoms iz produced. This I!.i.,gh‘t,_-_ﬂ‘.‘--»':f"'""'t

divides among the phototubes in a mannor depending on the location . R

©- . of the scintillation in the orystal, From the relative strengths
of the output pulees, the electronic circuits determine the pagition
- of the scintillation,

# Based on & talk delivered at CGesellschaft fir Nuklearmedizin E.V., Heid@lb@rﬁg
Oct. 6-8, 1966,
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The brightmess of %he scintili&&ion is determine& by

‘adding the pulses £rom all the photatubesg and thiz information
is fed %0 a pulsemheight aelec%orﬂ Lf the pulse~helght requ4¢u~

ments are met, the sciaﬁ*liaﬁloﬁ ig dig playe& es & point flash
of light in a cathode-rey tubs, . A $ime ezposure is taken with o o
Polaroid -camera, and after many thousands of dots are recorded, '

a pxctu"e of the subject vesults,

" The overall rasolving dxs%mnce, or «h@ distance apart of

' ;two point sources that are barely reaolvwd as separaﬁ@ points by

the oameraa_aepends on two factors, the re@olving distance of the

" ‘particular oollimstor used, end the inheront resolving distance

‘of the image detector, The 4nheren% resolving distence of the .

| Ref.2,3

. imag@ deteotor with the now bialkali phoﬁ wubes is 6 wm fox
Todine~131 and positron omitters and 9 mm for Technetium-99m (2, 3}..
. . L . R - , . ' . . ] e C

P -



U Fige2
o ~ upper left is & single-aperture pinhcle,v In many ways thig iz $he
- most versatile ¢type of collimator, 1% gives the dbest combination
' of resolution and sensitivity for small subjects when they can be
~ placed close to the sperture, It alseAprVides the only method |
- for taking single pictures of wvery lazge subjects at the present

‘ UCRL-17284

. Qanpe-Ray Camers =

Pour different collimatore are vsed to inage y-ray emittars,

 In the Donner Labcra%ory camera they are mounted on & turrent that

can be rotated by hand to change collimators quickly and easily.
The only important disadvantage of ithis arrangenment is that the

;image dotector camihbtivetilted., It always points straight down,

and lung or kidney pictures can not b@ fakeon with the patient in

'; a sitting or standing posmion° The ccmmarcially available Hucleare
' . Chicago Pho/Gamma camera danzbespointediln.angnsdirection, but moTe
'%ime is reqmired to change collimators. ’

The four different oollimators ave shown in Fig.2. A% the

time, This is done simply by placing the subject a large distance

from the aperturs, The resolution and sonsitivily decrense under v
these conditions, but it still gives useful Tesults as shown later.

At the upper right is @ triple-aperture pinhole collimator,

" This glves three simultanecus viewsvof the thyroid gland ~ a oona*‘ 

ventional frehtal viev and two enlarged oblique views of the right  f<l5f

(u'an&'left_lobes, In some casses, the three views schow whether a :
‘;nodule.is anterior or posterior to the gland,

At the lower left is & multichannel collimator designed

- for use with m@dium-energy gamma-ray eritters, such as Iodine-lBl, o
f:Gold-l98 and Mercury-QO}. It is 2,2 inches thick, has about 1600

- holes, and givea the best combination of sensitivity and rasolu—

- tion for medium-sized subjects such as the brain and liver,

. e U U
. B B SN
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i L energy multichannel collimstor ot o distance of 7.5 om from the
a (subaeo% is about 14 mim, 31n¢a %he ¢nherenz ras¢1ving distance of

.v?i‘ﬁe?a. o
T R@f.oz
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\'A*vthe 1ouar'righ of §1é°2 im & %hin—e@ptum nultichannsl

»collimator dosigmed for use with loamcnargy ganpe~ray cmittors,

such as ;achmeuiumm99m, This collimat@r has 4000 holes, aund it
gives about twice the sensit ;vi%y an& aat Ler resolution than the

vm@&lum~energy sollinator,

Tha cverall reso’vimg dia%ance R of the aciu% llwﬁiea
2);‘:

5

'camera is ‘given appreh1uaﬁaly by the aqu&uL@ag h = (R M
wvhere Ri is ¢he inherent resclving distance of vae image da%estayl,

' alone, a@& R' is %ha'gaametric resolving distance of the colli-

mator‘(z)" Th@ geonmetric rasolv$wg distance R of the mediume

the image detecsor ia 6 mn for xo&mn@«&Blﬁ the avarail regclving

'diaﬁanca caloula%@& £rcm the above equa@ion ie about 15 mm for

Todine~131 at 3 imcheso The mcinxiila%;on caners Gelivers betle

-Liresolutzon wnea %he rmdioac%iv@ subjoot is clase“ 50 the collimabor,
At lom &zsuanoe the oaloulated overall regolving distanco for
o Iodinem13l i about 9 mmo

7

: The . 0V@£311 regolviﬁw dla%amce Qf i5 om at 3 inches iz

[y

’ 7 ' comparable. to that delivereu by scanners with coarse-focus colli- -
:mators at taaxr focal plamao« How@vo&, the acintzl;@xiom CONGTA
_'has better depth of fiold, or in other words it delivers good ro- o
‘solution over a vius range of dzsbancea etween subject and colli«  '
.+ mator, Fccusea collimator scanners deliver their best resoclution “
- " within.a limited’ dopth of field noar their geometric Focal plans,
'Thazefore the camera iz mere eatlsfao%ozy for im&ging thick orgens
;‘auo“ as the liverq:.v ' '

"he sensitivity of the eciatillaﬁian camers %o y rays of

- various energies when using those collimators is shown in Fig.3 (3)@
VCurva C gives the sensitivity with %the mediuvm-snergy multichannol

odilimator. For the 0,36 KeV y xays from Iodine-111, for example,

4t ds 150 dots/minut@/@icrocurie in alr, Curve A gives the gsensitivity

with the low-emergy multichonnol collimator, For Techmotium~99m, 1t 4s
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'anout 900 do»s/mxnuﬁe/bicrvcuria in amr, Curve B gives the
sensitivity of the camera ththinhole cellim&tor close to the
subjecﬁg a8 used for inmaging the thyroid gland, ond Curve D is

. the sensitivity when the swbject is farther away from the samo
collimator, &s 1% mlght be used for lung pictures,  Point E at
 %he top of the graph irndicates the sensitivity of the pasi%rom>
camera, which iz 2000 dets/minute/microcurie in air. The positron
cameras will be desoribed laler. | '

The figures quo%ed above are roughly 10 ¢imes the sensitivity

obﬁained fyom conventional focusedacoliimaﬁor scanners when they

fscan %he sane arﬂ&sa

,  The maximum oouneing rates psrmi%«ed before overload of

‘the elscironic circuits occurs is up to 105 dots- per second when
y-ray collimation is used, For poszitrom coincidence operation,

'the rate is much lower es deseribed lataro_ '

VA

a2 Sy i 2 s g0
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~ Piotures of & thyroid phantom taken with three different

: y—rag collimatcrs are shown in Pigobo The phantom containsd four
f-mzorocur&es pf Mook Iodine-131 snd was & true 3-dimensionnl re-
_presentation of the ﬁhyroid gland;.*?xnﬁura no,l was taken with &
; 31ngle 5 mm &iame%er pinhole, ané i% ahews 2 frontal view of $he

T gland with cold nodulez at the upper raght and lower lefi pole,

icture mo, 2 was taken with the tripl@ééper%ure pinhole, and i

_ i‘ﬁ,shows a frontal view in the oenber, and oblique views of each love _”
. at right and left. Pictura no,3.wee faken with the medium-energy .
. multich&nn@l coll*mator, Each exposmre 1astea 10 minutes,

The single pinhola collimaﬁo” has the higheqt resolution -

v_;‘undev these conditions because it projscis a paznified 1m@ge of
"  v¢f&the thyroid glana onto the image detector, The inherent resoiution
3;5 of the ima&? detector bscomes a vory manor fa or in the overall
- ‘resclution obtained,; decause Ry = ( R + R, /m )ﬁ where m is o
* the megnification factor (2), Im the abgva exampl@ me= 2.3, Th@.“
.. calculated overall resolving distance iz aboud 7 iy when using &

| vfffs mm diwmater pinhole,

A special optical camera wae used to record the images in

_ , ‘saveraluof the following examples, It has six lenses with pro~-
:'ff gressively decreasing aperturs sizes, and it records six small
imeges simultaneously on one piece of Polarcid film. Polarcid
f;film is very conveﬁient to use becauvse 0f its gquick dsvelopment,
vﬂ but it haé a limitod range of propef GEPOBUTS, Thié problem ig
' . overcome by producing the'sii images with graded intensity. Froper

density s obtained in at least one of the images, even if the ox-

 f posure time or the amount of activity in the patient variss., There

_ is no loss of information due to the characteristics of the film.
" In many cases, cold areas are shown best on ome image, while het
’j{ areas are best seen on anoth@r. The\@bs@rvé: selects whatever
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image best shows the ares he wents to exemine, After becoming
- accustomed 4o the small sizs of the images, many people prefer

then over larger pictures, It is quile easy to see the signifi- _“
cant information in the small images when they are viewed ab

- normal readxrg dis tance.

501ntiphotos of a phan%om con%@ining 25uo of B&rium-l 3
.ars shown in 3 ngS, This isotope haa the same y-ray ene*gy as
the brinczple'y ray'from Iodine¢131, Each set of six images was
made with the siV~lena camsra desoribea in the prev;ous paragraphs
The exposure time was 5 minutes, and 25 000 aots were rocorded in

each of %as uhrea eﬁamples, R

”icﬁure no,1 was taken with th@ phantom 1 cm £rom the

collimator, no, zvgas teken at 5 cm, and the third was taken at

10 cm, These pictures illustrate the moderate loss of resolution
thaﬁ occours ag the dlstmnce betwesn collimator and subdect in-
cr@ases, The vhantor has § cold areas, only 4 of which can bo seen

- here., ”he enallest visible oola spot is 1 5 cm in diametar, ané

+he largest is 4 cm,

- Scintiphotos of the same phan%ow leled with 370 micro-' )
curies of Techne%ium-99m are shown in "18.6. The. low-energy multi~-“
channel collimator was used, and the gxposure time was only ome
minule, The smalles% cold spot visidle here iz 1 e in diameter.
The improvemant in resolution is due %o & number of factors; +the

- largar amount of activity, the higher sensitivity pf the sodium »
\‘ibdide erystal to low-energy radiation, and the higher reaolution
'of the collimator., These plotures are composed of about 250 000

dotg, - _ v ‘
- Picture no,l was taken with the phantom 1 om from the
oollimaéor9 and no,2 10 cm from the collimator, Picture no.3
vas teken with 6,5 om of water added %o the space between the
phantom and the collimator to show the elight additioral loss of
resolution due {0 scattering and absorption of the gamma rays.
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A . The pvlée—ﬁaigh%”éeleoter helps to maintain r@éalutioa and.;

(.- 7 contrast under this oondition by elamxnagxag most gamms rays

. v~)vff'f:;;" soattered by the water, ‘ '

'j o Sczn«ipha%os aaken of 2 very larg@ phantom r@nxesentimg

f7 o ' %he lungse wzth a single 6 mm diameter pinhole collimator are shown
Qi li;Fiéq7 ’~l'.;in FigsT. ?ge phantom contained 500 misrocuries of Technetium-99m,
A S ¥

L Er and the ex@déuf@ %ime.was'E minutes per pioture. Im picturs mo.ds
A ﬁ-, ' $he phatiton was 30 o from the aperture, snd the diameter of Fiold
o . was asbout 40 centimeiers. The phantom is 30 centimeters wide,

oo oil.. o Two cold areas sre visible; the largest 5 eenﬁim@ﬁars'in diemeter
34' ;;;'fi_,”@{, :‘an& the smalles% 2, 5 centimetors in diameter. In picture no.2 ﬁho |
| S0 phentom was helf as far, or 15 om from the collimator, At thiz |
~distance, mot all of the phantom was in the fisld off view, bul |

‘the resolution improves and three smaller cold spois, 1% cemtim@tarsh
4m diamater9 become barely vieible, In pxc%ure no.3; the distance .

to the phantom is out in half again and ﬁhe game cold spois are

hu@:-;  ~ﬂ'f~ veﬂy cl@arly shOWne

» This seriea of piotures shows uh@ versatili%y of the pin=

‘1hole colllm&%oro *ﬁ cen be used to take all-inclusive pictures of

) very lazge axeas, and then %Q_twke hi@hmr@sozuﬁion pic%ur@s of

 ,vama11er arczs by moving ocloser. The'pic%ur@s also illustrate tha%:'
:the'sensitivity'of & pinhole collimator is slightly lower arcund

P RS S T

. e ‘the edge. of the field, as shown by the elight darker shading of
i;;_ “f:i;¥€1: _:~‘ the images at the edges, However, %his effect im so emall that

 i ”&.3rﬁf §QTQ“?,fit should not be a factor in olimical use, except whers numerical

. T;”‘;# ¢;,"ﬁata is 1o ba eb%ainedo' "he slight forashortening, or magnification
i _N;K.' ;f}J Ai'of'the nearer parts of the,;@ubaeouﬂiinher@ﬁt in pimhole colli-

?f '}Q;iféy;f,if: maﬁorsvis alse & very minor dissdvantag.

;-
: 4
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Positron Camora

0f the 92 chenmical elémen%sg'hat-all heve radioactive

izotopes with half lives and gamma-ray emissions euitable for
- -use in y-ray oameras and scamners, 2Bub some of these elements

have positron emitting isotopez. Examples ere carbon, fluorine

and ivon, The positron camers, shown in Fig.B, iz a sensitive

instrument for imeging posiiron emitiers (Z)Q The subject is

’placed a2 close to the image detector as possible, and a focal -
- detector is placed below, The foozl detecior consizts elither
of & singie'scintillation counter, an array of counters as ghown

1n.11gm&w or & 1arg@ crystal viewed by an &rray of phototudbes,.

Hheﬂ a pcsi%ron emmi%ew 6ecaysg i% alvays omits & pair of

. gamma rays thaet travel away from oach vither at 180°, When one

gamma ray hits the focal dé%eotor, the otheyr hite the image do=

 tector above ﬁhe_patien%;, Sirultaneous counts in the two do-
4sctors actuate a coincidence cireuit, and the scirtiliation in

the image detector is diszplayed on the cathode-ray tube., GCanmae
rey paires leave the subject in random direstions, and the image

 detector is flooded with gamma rays which have no simultaneous

count in the focal dstector, Howevergfﬁh@ coincidence circuit
sapara»ea tho correotly-oriented gamma xays from all the others,
and the subject is imaged wi‘bhow~ the use of collimators.

There is & similarity between the formation of images im
nosxtron cameras ahd the formation of ordimary K-ray radiographs.
In X-ray radzographJ, X-reys fxom the focal spct of the X~ray %ube

. travel upward through the subject and hit the r&&iographlc’filmﬁ

The image projected on the film is alightly enlarged.

In the positron camera, the radistion originates in the

subjoct, but the geometry is similar, Vhen o gemme~ray travels -
- downvward and hits the focal detecter, the opposite gamma-ray travels
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ﬁpgar&'sléngvtﬁe'same straight line»ﬁc héﬁ the image detector,

‘The fooal detector is a focal point for 2ll the gamma-roy paizs
-that form the image. “The image pfosect@é'@n the iazgge detecier
s slightly eﬁlarged;'jus% ae in the cage of X-ray rediographa.

The resolution of the positron ¢camera is demonsirated inm

'Fig,9q The same phantom used in Figs,ﬁ'@n& 6 was £illed with 28pe

of Oallium-68, & positron emitter with a G8-nimute half life, The

_phantom was 7.5 cm fyom the image detescior, and the exposurs time
ivwas one minmute for yi@ﬁur@ no,l and 5 minutes for picture N0.2e

N ‘f The 1 centimeter cald spot is vxsial@ in both cases.

”he positroa camera has a xocal planag oy plane»of-best»

‘ sresolut1039 that can be sed- al@c%ronxcally to any depth in the

ubject The resolution ob@ainam vhen & test source is placed

'at 4 ui”feran* depthe below the Amage detooctor im mhown in Pig.10a . -
On the left, the focal plane was sot at 3 imches, and piotures .

wore teken with %he source at 1, 3, 5 and 7 inches., Excellent

- resolution is obtained at the 3ainca dzaﬁmnceg but it falls off

above and - below, L _ B : g : ‘E

On the rxgh %he source was -Hoved %hrough the same dcptha -
as before9 but 4in this case the focal plans i set to agree wi%h

‘the distance %o the source,.vmhe resoiubi on is excellent at all

distances whon this is done, . By adding uow electronic circulis

" %o the positron camera, images of six different focal planes will
* be obtained simultancously, Then, ne matier how desp the activity

- is in the subject, one of the 6 images will show it with excellent

 ,.resolution, This modification should be operating in the near

- Puture and will be ftested under clinical conditions,

‘Pogitron coincidence cameras are charaoterlzed by high

| sensitivity in combination with high f@GOlUﬁlOﬁ, ahd the possibilitv

- of tomographic operation with simultaneous readout of several
‘plancs, The disadvantages, when compared to y-ray cameras, are"
additional complexity and overload when more than about Souo'of
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r&éio&c%iv&%§ is in close proximity %0 the image defector. This
occurs because no collimator is employed, and high counting rates
are'produce&'b$ small amounts of aotiviiy., Only & small fraciien
of the counds in ¢he image detector are ¢oincident with counis in
the focal detector and appear as‘égﬁs_im ¢he imags. ?her@forag

one to five minutes oxposure time ig“u@ualiy required ¢o mccumulate
- & sufficient numbor of dots in tho image, TFast dynamio studies
can not be wade with the positron coimcidence camers in its presend

 gtate of developmeni. .

 ¥hen very large amounts of poaiiron emitters sxe avaii-
- able, as when Oxygen~15, Corbon-ll, and other short-half~life
.pOai%roa enititers are ebﬁained_f:cm a eyclotron and vwhen very
short axposure times are vequired, & high-energy multichannel
cqllimator should be smployed, rather than the coincidence %echniguaq
. Since milliocurie smounts of radicactivity will be svailable, snd |

since large amounts can be saflely used becasuse the radistion dose
%o the patient will bs low v &g  result of the short half
iif99 the high seasitivity of the posiirom coincidence camera will
not be needed, The uze of @ high-energy multichennel collimator
‘under these conditions should allowvaatiéfactory images to be
| obtained with very short exposure ¢times from positron emi%tars,
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| Cliniesl Bzamples - ¢

Pramea from 2 m@t*on pxcﬁur& fmim snow;ng Technetivm=-S9n
gomng %h”@ugh ) na*ﬁal buman héart and k hi@neys 808 repra&uce& in
vagallg Ten ﬂ&lzic¢r1es vas injected into the antecubital veing

 and picturss were taken at the rate of ome frame per second, The

special 1ow~anergy multichamnei coiiipator was used, amd the

 camera viewed the patient's anterior chect, These piotures don't

have the resolubtion of c;aQAFv iograms, but they show the speed of

. %he y~ray @cmnﬁlll&%zon camera and its ﬁuxu&bilitv for dynamic
e studlaso-u f;;* ' )

This ype of h@arﬁ_s@uﬂy may have *glue &8 & poreoning
.;rocedure, It is eagy'%é performg-mnﬁ involves very litile risk
Yor znconvenienca'ﬁo %ha7patiento‘ This was done in collaboration |
wi@h Dro Al@xan&ew Go%tacaalk (4), : ' |

In tha Lia&ay ser insg the se pme yreeecur@ is followe&

exceps %he camera is viewing the kidney reglon from %he back,

The fi%ss fow P*ﬂmes show the isodepe in %he botton of ﬁaa lunge.
Late¢9 the noria is ~visible, and then $he ! idmeys become perfu@eﬁ
with the isotepes DIr. Malcolm Powell hus uzed this technique a%

~ Donner Laboratory to demonstraie kidney lesions im combination

with Feohydrin Hg~203 and Hippuraa I-131. All ¢hree isotopes ane
used in succession and pulsé~heigh% seloction ic employed to make
. the camera inc@n@iﬁlve to the p*@vxonelyaused lower-energy isotopes

(5)0

The uptake of Fluorine~18, a vsactor produced positron

' emluter ‘¥ith a 2-hour half life, in o patient with Paget’s discease
i shown in Fig.l2, This patient recsived 280pc of P-18 im the -

form of sodium fluoride, and the pictures wors taken 1-2 hours

. leter with the positron coincidence camers, FEach of the 11 circularv'= 
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fields wasm expdsed for 4 minules. The exirs plotures at right

2

and left are less initense image

optical cawera, This work was

Donald Van Dyke (6),

g chbitained from the siz-lsns
done in collmboration with Dr.

t

Other'ra&ibiaotopes uged in oliniecal diegnosis and ro-
search with the positron camore include Iron~52, an S-hour,

eyclotron-producad poaiuron emiiter which is used 0 imege the

distribution of erythropoietic bone marrew (7)., The same isctops

iz being used o ghow the siite of absorpiion of iron when in-

gested ox&ily'(S)
tained from & 2?0~day parent &SO%OQ@; ig ugoed $o locate brain

tumors (9).

&.68mminuﬁe positron emitter ob-

!



s A

";“- 14 - ".1' o (U(HRL—17284 i

i
s e o = puerr—— oty on + < et

Lung-ﬁisualizatio&

Prelimzna y ‘results obtained fTom a nev 4isotope with

| ‘a S5-second half life that shows promise for visualizing the
Figeld lung is shown in Fig.l3). The new isotope is Iridium-191m, and

its charactorlstles are as follows. The half life ig 4.9
sacond39 the gemma~ray energy ie 00129 eV, which is sl&gntly
lower than Tecnnezxume999 and the sbundance of the Zenma-Tay
is 20?%0 Eighty percent ef'%he ganba~-rays are internelly con-
veried to high speed elecironz, The, parent Osmium-191 has &
half 1ife of 16 days aund is rewc%ermpxo&uced from natural Cerium
by the reaction Oslgo(ngy)esl 9%, The dsughter comes off an ion
exchange column in strong sodium’ chlowza@ qclutlon 25 the hexa-

chlor emlrid ate,

In iai? @xamnle the ion exchange c¢ciumn is comnected by,
-”.a short piece of tubing %o & vein in the left Him# leg of & dog,
The daughter isotope flows through the femural_veim into the
right side of the heart, Then it flowe into the lumg, and ap-
parently diffuses intoe lumg tissue, where it remaims wntil it
.~ decays cémpletely, Of course with a S-second helf life, complete
{decay occurs in less thar a minute, so it is not necessary for the
"Iridium to remain im the lumg very long. Im this exauple, the
'iso%ope‘éas infused conlinvously, and the pictures show the rg=-
gulting ste&dy~st&$e-cendiﬁioﬁa The exposure tims for each
A ~_cireuler field was 45 seconds, The iwo exira pictures at the
.‘u‘,a;53;f;}c ~ t?le t of the dog show the lung field at darker intensity.

" In dogs, the hea art is superimpesed on the lung, but in
‘humane most of the lung is olear of the heart, so this technique
mey be useful for visualizing the lung in humans,f-Gbmparedltbgﬁégff%
N ' “other agents for viauélizimg the lung, this method has the ad-
 ‘?5{*':_;i: vantage of no particles tc clog o= pxxl ries and very low adxatz;n:
| ‘ dose, This work has been done in collubcration with Np, Yukio
Ref. 10 Tuno, chemist at Domner laboratory (10). Thie technique of con~vj‘7f;v'
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tinuvous infusionm of an isoﬁcp% followed by temporary uplake
in an crgan, and then followed by swift decay of the isotope
within the organ, may be useful ia other instances,

;
i
4
H
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" Transverse_Section Views

The next four f“gurea ghow work in progresa by vhxoh
S R tr&navarse section acans of the brain, sgimilar $o those cbtained
_Raf;lé. - with a special tomographic scanner by Kubl (11), will be obtained
o with the y-ray sc;nzlllatlen coners and suxiliary equipment, The
o patient will 8i% in & chair which rotates ?10le abcgo its
| Eigglé_ - yertical axis as shown in Fig.l4, The Knclear-Chicéga scintilic-
. 1. %ion camera will be used with a special collimator which is
o o focused in dn@.ax139 as seaﬁ in Yhe botdon drawing, but un-
";fécused; or”paréilely in the other axim, as seen in the sop
" drewing,  During rotation of the patient, the camera will examine .
& horlzent&l glice of tissue cnvough the patient's head, i' |
v : _ The optical camera that records the pictures will be .
"Fipe.l® . speciel to two ways, s ‘shown in Pig,15, First an array of glass
' " 'vods will be located in fromt of tho iems, This will transform
‘4he dots on the oscillcaco?e to v&xﬁical lings on the film, $econ&» 
v N 1y, the film will be rotated about ite porpendicular axis in _ '
o ;' 7‘J‘;l gynchronism with the patient. As the radicactive subject and the
o photographic £ilm rotate in synchronism, & large number of limes
will be reqord@a'bn the film that interseat wherever a radicactive
S point exists in the subject, The result will be the same ae that
T ii';};f ' obtained from & iransverse body-cection scanmer when it makes a
R | '1hrpe number of linear scans around the patient’s head and records
g the counting information as lines, according to the method of Kuhl,

7

: Fig;i6517 ' rlguras 16 and 17 shov how thig idea has been tosted so
R ' T far, Three small sources of Iodine-13l were fastened $o a wheel, -
fﬁffisz';f’ "7 and the wheel was rotated through 24 different positions; siopping

'1f :fff :f 5"¢{':;from its edge at all times,
L Fig,i?I B The vesult is seen in Fig.1i7. Picture no.l shows & com= .
Lo ventional image of the test sources, with the wheel in only ome )
- of the 24 positions, All three sources are visible, but it is_

"for & short exposurs of the film every 1§°° The wheel was viewed - .



: . T— e —

i UCRL-17284

- 17 -

....... e .

not possibl@‘%o determine theip depth bélcw the collimator from
this picture slene, Picture no,.2 shows the same situation,
except the glass vod filter wae placed in fromt of the opiical
lirves,

)
e

camera lens. The dots have besn transformed imto vertica

Pic%ure.QGQB shows the reeuwl% whom the film snd the whoel
holding the sources have been rotated through 24 positioms, The
lines intersesct at three locations corresponding to the location
of the %hréa gources, A %wénsverge view has been pfdduced that
shows the location of the sources as viewed from right angles %o
the scintillation camera. B@c&uae_of the mechanical simplicity
of this system compared o iransverse settion scanners, it should
have important applications in the disgnosis of brain tumors,
Clinical trials will be made in the near future,
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International Atomic Ene&gg Agency, YVicnno (1964)



e

i,

3.

4

5e

To

100
11,

2.

. e it
19 - : { UCRL-17284

\

»

Image detocior of scintillation cameérs with 1l.5-inch
diameﬁex by 0.5-inch thick solid nmodium iocdide crystal
and 19 multiplier photoiubes,

Image-producing y-ray collimaiors used with iamage detactor
of Figol,

Sensitivity of gcanﬁxli&txan CERGTH Vth three coilimadtors
shown in Fig,2, ard in positron aa; gidence operation,
Seintiphotes of {thyroid phantom obiained with (1) 3ingle~
apsriurs pinhole, {(2) Tripie-aperiuve pinhole, and {3)
mcdium«@mer zy wultichannal coliia&nmrg

Phan om containing 25 miep ocuries of Fariup~-133 imaged with
gedium-energy multichanmnel collimator, (1) Phantom 1 om,
(2) 5 omy and (3) i0 cm from collimator., Exposure iime 5
minutes, Siz-lens oplical camera was used to obiain six
Amaaa of grad@d intensity simulianscusly.

?hunucm containing 370 microcuries of Technetium-0%9n imaged
with low-onergy muitxoh&nmal coilimator, Distance from
phantom to collimator is (1) 1 em, (2) 10 em, and (3) 10 om
inciuding 6,9 om water. IExposure time 1 minute,

Iung phantom containing 500 microcmriea Tochnetiup-99m
imaged with 6 mm piphole collimator, Distance from phantom
%0 aperture is (1) 30 om, (2) 15 om, and (3) 7.5 emo Bxe
posure time 2 winutes.

Block disgram of positron ccincidence camera.

Fhantom conta iming 18 microouries of positron-emitting
Callium=68 imaged by positron ooincidence technique. Ex-
PoOSUrs ﬁmm@m (1) 1 ninute and (2) 5 winutes., Phanion was
7.5 em £rom image detector.

Regolution of positron coincidense ceners (Left) with focal
plane set at 3 inches and (Right) wiith focal plane se“ to
SOUTCe PLANS, '

Dynamic function stu&y of normal heard &nd kidneys made with
Tachnetiun~-5%m portechunitate,

Uptake of Flucrime~18 in patien? with Paget's disesse.



13. .Yisualiza%ion_oz lu g with . S-zacond Kri&ium—l?im, Izaotope
- -is dintroducsed infte vein in yight ai&“ leg of dog, Tlows
through veins and heart inte lung whexe it diffuses inia

s

$rlers
’"ﬁg tizgue, Iaenope deceys n«fer@ lsaving lung,

o,

:‘

14, TFlanmed use of scintillation camexa %o obtain iransverze
section imagesuof hraime :

15, Special optical cemers for obiaining transverse-sechicn
’ views. - Arvay of glass rods befers 1 na trangforms dotg
into lines .on photographic filnm, . - . .

16, Array of tect sources on rotatb
o

peloy whesl to demonsirate
transverse section cperation shown

i A Figo17.

.
i
oY

17, {31) Comventional scintiphoto of ‘hent sources shown in Fig.l6,

{2) Bame axcepv dots hawe besn tramaformed into lines by
gloes rod filter shown in Pig.i5., ({3) Same except wheel
vho ding sources snd puoaeg?w@hia £ilnm heve besn zZotalted

2

tbrva@h 24 wai%lGﬁmn resulting 1& & transvorse seotion view, |

Thig primeiple will be spplied to brain tumor localiszation.
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Qutput signals

Llead shield

1

Hexagonao! array
of 19 phototubes

Light deflector
Optical light-guide

Sodium iodide crystal

Glass window of
crystal housing

LIGHT PHOTONS

GAMMA RAY -

MUB-9644

Fig. 1
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MuB-3834

Fig. 2
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5000 T T T T

— OVERALL SENSITIVITY —
/COINCIDENCE
— E COLLIMATION OF —
POSITRON EMITTERS,

(AS DESCRIBED IN TEXT)

1000 A MULTICHANNEL COLLIMATOR
'0\\ DESIGNED FOR 0.2 MeV MAXIMUM.
v (FIELD SIZE 9 TO 10 INCH DIAM))

FTTTI

0

/%-iNCH PINHOLE COLLIMATOR
AT 3.INCH DISTANCE. _
(FIELD SIZE 4.2 INCH DIAM))

|
/

=5
o

100 MULTICHANNEL COLLIMATOR

DESIGNED FOR 0.36 MeV MAXIMUM,

(FIELD SIZE 9 to 10 INCH DIAM.)

T TTTT
L L LA

[

[

- > x\x -
\/%-KNCH PINHOLE COLLIMATOR
- AT 12.INCH DISTANCE. -
><{ELD SIZE 17 INCH DIAM.)
10 | | LS | |
0 0.1 0.2 0.3 0.4 0.5 0.6

¥-RAY ENERGY - MeV

MUB -9838

Fig. 3
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(1)

(2)

(3)

XBB 674-2288
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(1)

(2)

(3)

XBB 674-2289
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(2)

(3)

XBB 674-2290

Fig. 6
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(1)

(2)

(3)

XBB 674-2291

Fig. 7



Scintillation camera
image detector

19 phototubes in
hexagonal array

Subject containing . N
positron-emitting Fe®2 -

) “Point of origin of
/ / \ \ gamma-ray pairs

«— 19 scintillation counters
Focal detector in hexogono| array

-——

Scintillation coordinate
computer circuit, X
. Pulse-height selectors,.

R — e — Sodium iodide crystal

Fig. 8

and Coincidence circuit

L _Intensity
*’
({ s

X-axis

Y-axis

/ Polaroid camera

Oscilloscope

MUB-2473

_82—

FQZLI-TEDN
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(1)

XBB 674-2292

Fig. 9
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FOCAL PLANE FIXED FOCAL PLANE SET
AT 3 INCHES TO SOURCE PLANE

-III

3[/
DISTANCE
FROM
IMAGE
DETECTOR
TO
SOURCE

57 PLANE

7II

ZN=-5412

Fig. 10
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KIDNEY
TC 99m

1 sec/

frame

ZN-5414

Fig. 11
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USE OF SCINTILLATION CAMERA FOR TRANSVERSE-SECTION
VIFW OF BRAIN i

\ SPECIAL MULTICHANNEL COLLIMATOR
IS UNFOCUSED IN THE VERTICAL PLANE,
FOCUSED IN THE HORIZONTAL
PLANE

PATIENT MAKES ONE
COMPLETE REVOLUTION
ABOUT VERTICAL AXIS FOR
EACH TRANSVERSE SECTION

PICTURE d;

\

MUB-12371 .

Fig. 14
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TRANSVERSE BODY-SECTION OCILLOSCOPE CAMERA

Display of scintillations
in image detector

| Array of glass rods
i A (Maddox Lens)

mask

Fig. 15

_9__

Photographic film rotates
about perpendicular
axis in synchronism

with patient

MUB-12580
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IMAGE DETECTOR

DIRECTION
OF ROTATION

MUB-12835

Fig. 16
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(1) (3)

(2)

XBB 674-2293

Fig. 17



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission'" includes any employee or contractor of the Com-

mission,

or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access

to,

any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.








