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* The, Sointillation Camera for Radioieotope Localization 

R.O. Anger , 
Donner Laboratory of Medioal Physios and Biophysios 

and Lawrence Radiation Labor~tory, 
University of California, 

Berkeley, Calif. 

-i' ".~ . I'". 

The first sointillation oamera. lfao 'built at Donner 

La.bora.to~ -10 years ago. It employed a 4 .... inoh ,dia.meter oryst~l 
, vlewedby seven phototubes, and 'was used, clinioally to take picturG~ 

of the thyroid gland l11th !odine-131(1)o Altho~h it g6l.VEl satie

,factory results, the small size of 'the orystal and other factors 
, , 

limited the resolution. Two years late,.,-, when la.rger crysta.ls w~:re 
s'II"aihible, an 8-inch oamera. was bui'lt, s..nd it was used in 1958 to 

, , take the first time-laps'emotion pi(,rt~s of a dynamic prooess in-

"vivo. The pictures \-rere taken a.t the rate of ons frame per minute 

a.fter intravenous injeotion of 50 microcuries of I-131 Rose :Benga.l 
',in a. :rat. . They showad very rapid uptake of the dye' in the liver, 

, followed by exoretion into the gut. Shown as motion piotures at the 

Amerioan Sooiety of Nuolear Medicine meatlng in 1960, they11lustratad 

one of th~ p;ino1p1e advantages of radioisotope oameras over oon

ventional scanners, namely .tha.t oameras oan take piotures muoh more 

rapidly .. 

In' 1961~~ when larger crystals baoame s,vaila.ble, Go camera 

with an ll-inoh imago detector was built. A oross section viow of 

the image detecto~ of this camera is ShOl~ in Fig.1. Near the bottom 

," 'is the sodium iodide orysta.l, which is 11 inohes in diameter and 

i-inch thi,c!(,l and e. short'distence Il'I.DoVG '.['$ the bank of 19 photo.,;. 

"tubes~ ~1hen a gamma-r~ intera.ots with the orystal, a sointillation 
oonsisting of 1000 to 5000 light photons is produoed. This light. 

divides among the phototubes in a man~r depending on the looation 

of the scintillation in the or,ystal~ From the relative strengths 

'of the output pulses\) the eleotronio oircuits determine the position 

, of the sointillation" 

* Based on a talk delivered at Oes~llschaft fUr Nw~learm9dizin E.V., ge1delbe~g, 
Oct. 6-8, 1966. 
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The brightness of the aointilla.tion 1adeterminad by 

adding the pulses from all the phototubest and this inform~t1on 
is fed. to Q, pulse-height aeleotoro!f th~ pulse~he1ght require
ments ere met~ the sointillation i;dis:p1.s..yed as e. point flash 

of' light in a. oath ode-ray tube o ' A time 'e%poeure is taken 111th a. 

Polaroid came rat end after many thousand.s of dots are reoorded, 
a pioture of the subjeot results. 

Tbe overall resolving diste~noa, or the d.istance apart of 
. tioiopo1nt souroG.sthat are barely resolwda.s' separate pOints by 

the oarnera~ depends on two faotors, the resolving distance of the 
'pa.rtioular~ol11lI1I.\tor used, and the inh~rGnt resolving dista.noe 
. ·of' the ima.ge deteotor." 1he inherent rasol ving distance of the 

image deteotor with the nl3t'1bi&lka11 photo·tubes. is 6. rom 'for 

Iodine-131 and pos~.tron emitters and 9 mm. lor Teohnet1um-99m (2 if 3) b . 
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Four different oollimators are used to image y-ray emittar$~ 

In ths Donner Laboratory oamera they are mounted on ~ turrsnt that 

o'an be rotated by hand to ohange oollima.tol'S quiokly a.nd ea.sily ~ 

The only important disadvantage of this arrangement is that the 

image deteotor c-altIn:e,tbbe til ted" It always poin.ts str.a.ight o.own, 

and lung or kidney piotures oan not b~ t~ken with the patient in 

a. sitting or atandingposition .. ,The oommGroially available NU.olea.r"!" 

Chioago Pho/Qamma ca.mera. 6'a;l'l~be,~)point'edtin";ariimdire,c,tio.n,, but more 

time is required to ohange oollimators~ 
"l' 

The four different oollimators a.re shown in Fig.2. At the 
'upper left is a single-a.~rture pinhole. In many ways this is the 

, 
most versatile type of oollima.tor. It gives the best comb1n&tion. 

of resolution a.nd sensitivity for small subjects when they oan 'be 

placed close to the aperture. It also provides the only method 

for taking single pictures of vary large subjects at the present 

time. This is done simply by pla.oing the subject a le.rge distance 

from the aperture. The resolution and sensitivity decreese under 
these oonditions, but it still gives useful results as shown la.t(9r. 

At the upper right is & triple-apertU4~ pinnole oollimator. 

This gives three simultaneous views of tho thyroid. gland - a. oon- ' 

vantional frontal view and two enlarged oblique viet'fs of the right 

, and left lobes. In some oases, the thr®o views show whether a 

'; noduleie anterior or posterior to the gland. 

At the lower left is a multiohannel oollimator designed 

for use with medium-ensrgy gamma-ray emlttsrs, suoh as Iodine-131, 

Oold-198 and Meroury-20)e It is 202 inohes thiok, has about 1600 

holes, and gives the beat oombination of sensitivity and resolu

tion tor medium-sized subjeots suoh as the brain and liver • 
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At the lowGr right of Fig~2 is athin-s~ptum multiohan~~l 

oollimatord~s1gned for use with lov~n~r.Sf gamma-r$Y emitters, 

such as Technet1um-99mo This eol11me.tor :b,Q.S 4000 holaSl9 and. it 
. , 

givGS about, twioe th~ sensitivity and 'bGttar Nsolut1on than the 

medium-energy·colllroator. 

The overall resolving distanoe Ro of' the aointill~tion • 
, (2 2 ). oa.mera. 'is 8'1 VE1I!A apI)Z'oximately 'by the eClulbt:ton~ !to .G:, Ri' + He '" I). 

where Ri is the inherent ~sol ving dis~~anoli'il of the ime.ga deteotor 

al?na 9 , and Ro ls t~e.geometI'io,l'e~olving ai$tanc~of the 00111 .... 
mator(2)~' ThagGlolnstrio:t'esol'll'ingd1sta.nca Bo of theroedium

anergyl1lult1ohGk"t."lcl collimator at 8. d.iata.no~ of 7 .;omfrcm the 
, ,. " \ ' " " 

subject is about 14 1nl"llo Sines 'th~ ,inneront resolving dista.noe of 

the ime,gedetsotorls 6mm for Iod.ine"'l)l, the overall r.esolvi!l$ 

diste.nce o8.1cn.tlated' fr~m the. abov~ ~q~tion is about 15 ~!Z! for 
, " 

Iodine-131 ~t 3 1nohoa~ The sointillation ¢amer~ delivers better 
resolutiqn when ~he radioaot1va cubj00t i$ oloser to the oo11imatQr~ 

At 1 omdiatenoe the ,oaloula,'ted oV~l"aU. resolving dist6l.;:!oo for: 

IOd1ns-131 is about 9 mDlo 
, , 

'. Theoverallrssolving distanoe Qf 15 mm at 3 inohes is . '. 

, 00 mparab le ,to that d01i verad by sca.nners wi'iih ooarse-foous oolli-

mators' a.t ~heir,f9~a.l planGl o ', nowever, the sointilletion oamera. 

has better depth of field,or in ,other words it delivers good rG-
, , 

solution oVGl." eo ,wide xoange of di.srtanoes b$tU(,)~Ul subjec·t and oolli .... 

mator" FocuSed' collimator SCa.mlQ):t"s deliver their b<ilst resolu.tion 

within,a,limitad dopth o~ fi~ldn0ar their goometrio focal planG~ 

ThsNfore the camera. is more sat1staotory for ima,ging thiok organo 

such 1'l(S the liver" 

Th0 sensitivity of the sointillation oamera to y rays of 
various energies t1hen using 'thsSG oollimators is aho1-m in Figol (3) j!o 

Curve C gi~s th0 sensitivity with the modium-energy multiohannol 

col11matoro F~r the 0 0 36 MeV y reya from,IodinG-131, for example, 

,it is 150 do'ts!minuta/miOl?oourie in a.ir() Curve A gives the ser-sitivity 

wi th the low-ene'rgy multichar.mel collimo.tor~ Fol" TeohnGtium-99m~ i t i~ 
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about 900 dots/minutlS!miorocurie in ei:t'o Curve B gives the 
4-1,..e.. 

sensitivity of the oamera withLpinhole collimator olose to the 

subjeot, as used. for ,imaging. ,the thyroid gland, and Curve D 11$ 

the sensitivity when the subjeot is farther ~way. from the sam~ 

oollime>tor,e.s it might be used. for 1'1.mg pictures, Point E at 

the top of the graph indioates the sensitivity of the positron 

camera, whioh is 2000dots/minute/miorocnn"1.e in air. The positron 

camera will be described later .. 

The figures quoted above are roughly 10 times the sensitivity 

obt~ined from oonventional focused-collimator soanners when they 

soan the same &re&s" 

The maximum oounting rates permitted before overload of 

the electronic oircul ts oocurs is uP. to 105 dc:5ti1;,·, per sscond when 

y-ray oollimation is'used o For poait~on~oincidenoe operation, 

the rate is muoh loweraa desoribed letart) 

/' 
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: 'Phantom Studie~ 
, ..... 

t,' 
, , 
. f .~_,. .' ,t . 

. ' '. 

, Piotures,:)! 's, thyroid phantom ta.~0n with three different 

y-ray collimators areshoy.Til in Fig.,4o Th~ pha.ntom contained :!;'our 

. microcuries of Mock Iodins-131 G;nd. '\faa a. true 3-dimensional re

presenta.tion c'r th$ '~hy:roid gland o ' Picture no.l was taken with /:!l; 

single 5 Imn dia.meter pinhole, and 1 t shotiS a. frontal viel'r of th.e 

gla.nd l-1ith cold nodules a.t the t..\ppel" right a.nd lower left pole I) 

PictuI'(;,) no,,2was te-.ken with the t:riple""'apertu%'e pinhole; and it 

ahows a. frontal yiSt<1 in the cen-tal', $l'ld oblique views of eecb. lobe' 

, -: a.t right and loft.. Pioture no.), 'Ta.a taken 'With the medium-energy 

multichannel collimator.. Eaoh exposure lasted 10 minutes. 

The single pinhol,e oOllimato'r has the highest resolutl,on " . 

'.' und~r these oQnditioll$be'pause it projeots So magnified image of 
.!'. 

. ,'> 

the thyroid gland oato the image detsotor~The inherent resolution 

of the image detElotor beoomes a very minor factor in the oV0rall 
2 2 2 ~ , 

'resolution obta.ined, becausaRo 0= ( Ito ~ + Ri 1m ) ,where m is 

the magnifioation factor (2).. In the a.bQVS examplo m ... 203. Tha 

caloulated overall resolving dista.nce is about 7 mm when using a 

5 mm diameter pinhole" " 

A special optioal ca.mera wa.s used to reoord the images in 

several, of the following examples o Itha.s six lenses with p!'o

gressi vely de~ree.sing eperture~1zes, rutd it reeords six small 

images simultaneously on one pieoe of Polaroid filmo Polaroid 

,'film ia very oonvenient to use beca.use of its quick de,relopment, 

but it haa a limited range of proper exposure" This problem is 

overcome by producing the six images with' graded intensity. FropGr 

density is obtained 'in at least one of tha images, even if the ex

posure time or the amount of activity in tho patient varies" The~ 

is no loss of information due to the oharaoteristios of the film~ 

In many cases, oold areas are shown best on one image, irlhile hot 

areas are best seen on anothero The observer seleots whatever 

.. 
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image bsst shows the area he wants to examine. After beooming 

a.ooustomed to thesma.l1 size of th.e images, many people prefer 

them oval' luger pictures.. It is qui te ~asy to see the signifi

ca.nt information in the small images when they aN viewed a.t 

normal reading distance. 

SOintiphotos of a phantom containing 25~o of Barium-13) 

,are shown in Figo ;.. This isotope h~s the samey-ray ene!"gy as 

the prinoiple y r~y from Iodine-13le Ea.ch set of six ima.ges. ,ras 
made with the six-lens camera. described in the previous pll.ragrepho' ' .. 

The exposure time was 5 minutes 9 a.nd 25 000 ~ots were recorded in 

each of the three examplss.. ~ . 

Pioture no .. l was taken >'Tith th$ l'he.ntom 1 em from. tho 

collimator, no,,2. was ta.ken a.t 5 cm~ a,1J.d the third was taken at 

10 om.. These piotures illustrate the modorate loss of resolution 

that ooours as the diatancebetween collimator and subject in~ 

oreasas~ .The phantom has 5 cold areas, only 4 of whioh oan be seen 

hera~ The smallest visible cold spot is 1.5 em in diameter, and 

.the largest is 4 em .. 

Scintiphotosof the same phantom filled ,with 370 mioro

ouries of Technetium-99m are sho~Tn in Fig o 6& The. low-energy multi

channel oollima.tor 'ii'asusec., and. the exposure time was only one 

minute. The sm~llest cold spot Visible here is 1 om in diametero 

The improvement in resolution is due to a number of faotorsi the 

larger amount or aotivity, the higher sensitivity of the, sodium 

iodide crystal to low-energy radiation, and the higher resolution 

of the ool11me:toI'.. These piotures are composed of a.bout 250 000 

dote. 

Pioture nOel was taken with the phantom 1 om from the 

oo11in~tor, and no e 2 10 om from the oollimatoro Pioture nOel 
l'TaS ta.1ten with 6 .. 5 om of l'l'ater added to the spaeel between the 

phantom and the oollimator to show the slight additior~l loss of 

resolution due to scattering and absorption of the gamma raySe 



;:~::"-;7"~-:;-'"'~:--''-':~''''~''' _~'i>oo ~ "f"" . -:;-' .. -:rr--' . ,:, .. 0,:, •. , . .. . 
1- . 
.t. 

, 
, ','. 

rrI" 

1', . 

". i , . 

. l 

i .' 
. 1 

"r, 

t' . (' . 
. -'..' , .. ' 

:,1 

.. 
~ ... , ~. 

~. ."" 

.. ':.": ~ ' .. ~ , 

~ ,0 ' 

8 

. ' . 
. • ,.,."t 

,.".' '.;~ :: 
". 

. . ',. . 

The :pulss~height seleotor helps to maint~in resolution and 

oontrast ~der this oondition by eliminating most gamma rays 

Sloette.red by the t-ratero 

Sointipnotos t$ken of a very lsrga phantomreprasent1ng 

the lungs ~ith a single 6 rom diameter pinhole oollima.toI' ere shoun 

"in Figo 1 0 . Tl!te phantom contained 500 mici'Ocuri0$ ofTeohnetiUlll"""99m~ 
f.' 

and -the exposu~ time was 2 minutes per pioture.. In pic~;ure nOel~ 

. the rr:h-m:tt:om was 300m from the e.pal""'(au.<>e, and the diameter of f'i~ld 

was about 40 ~entimetarso The phantom is )0 centimeters wide o 

Two cold a.reae are Visible; the 1s.rg~st5 centimetGrs in o.i.a.meter 

a.nd the smalle.st 2 .. 5 centimstersin d1am.otol"o In pi.oture nO o 2 the 

phe.ntOTJi ~:a.a half a.s fa.r$'· or 15 om from tho oollima.tor.. At this 

distanoG t not all of -~he phantom '&tas in "'he field "6',f~ 'new p but 

the resolution improves and three smaller cold spots, 1% centimeters 

in dia,meter, become barely visible., InpictUrs nO o 3, the distance 

to the phantom is.out in half again &nd the same oold spots a.re 
very clearly shown .. 

'This series of pictures shows the ,versatility of the pin-., 
hole collillia.toro It ca.n be used to talte a.ll-inolusive pictures of 

, 
. VG~y large areas, and then to teke high-resolution piotures of 

smaller areas by moving oloser. Thepiotv~es also illustrate that 

the sansitivityof a pinhole collimator is slightly lower around 

the edge. of the fiGld~ as shown,by the slight darker shading of 

the im6\ges a.t the adges e . hOl'T9Ver, th.is effeot is so small tha.t 
,'~ " 

" •.•• '< ,1 t should not be a factor in olinical usa!) except wheN numerical 

. "data is to be obtained o ~he slight foreshorteningt or magnification ., 
. ~, .:. of the nearer parts of the. ~:sub'j:e:dt:,,., inhGront in pinhole colli-

mators is also e very minor disedvantagc¢ ':~" ' 'J, • 

. ' ." ~ 

.' 

'. .., ,~~ ...... : 
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Positron CamGra 
~, -

Of the 92 ohemical elements g not. all have radioactlve 

isotopes with half lives and gamma-ray emissions suitable for 

use in Y-1:ay oameras a..."'ld scanners.. But some of these elements 

have positron emitting isotopes.. EX&mple.s ~re oarbons fluorine 

and iron.. The positron camera g shown in Fig o8, is a sensitive 

instruJ'l'lent for imaging positron emitterG (2)0 The subjeot is 

pla.ced as close to the image de~cector as possible, and a fooal 

detector is plaoed. belowoThe focaJ.l d.eteotor oonsists either 

of $ single sointillation counter1 an ~~ of oounters &s ~hnwn 

.;..in:':Fig;~:8>, or a large orystal viewed by an e:rray of pnototu'bes. 

When a. posit~on emitter deoays, it always emits a pair or 
. 0 

. gamma ra.ys that tra.vel a;'Usy from eaoh 'Other a.t 180 e lihen one 

g~.mma ray' hits the 1'0013.1 deteotor, the other hits the ima.g9 do

tec·cor abo'V'"a the J)atient., Simultaneot.ls oounts in the two de

tectors aotuate a ooincidenoe circuit9 and the sointillation in 

the ima-ge deteotor is di:;;played on the c,*thocle-ray tube o Oarnl'll~

ray paire leave the subjeot in random dir$ctions~ and the image 

deteotor is flooded with gamma rays whioh have no simUltaneous 

count in the fooa.l deteotor" H011Teverl)., the ooincidence circuit 

separates ths oorrsotly-orientedgammar~ys from all the others, 

and thesubjeot is imaged without the usa of oollimators. 

TheN is a. aimilari ty betwee.n thG for:nation of images in 

positron cameras ahd the formation of ordinary X-ray radiographs. 

In X-ray radiography, X,-rays from the focal spot' of tho X-ray 'tuba 

travel upward through the subject and hit the radiographic filmo 

The i~aga projeoted on the film is slightly enlarged. 

!n the positron ca.mera~ the ra.di&.tion origins.tes in ths 

subjectp but the geometry is similaro }~en Q gamma-r~ travels 

downward and hits the focal deteotor, the opposite gamma-ray traVQls 
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upward along the same straight line to hit the image detGctor~ 
'Fna fooal' deteoto:ris a focel point 1'0,." t:.W.l -tho gamma-re.y pa.irs 

,tha~ form th.eimageo 'The i.mage pro'jeotoQ. o~ the :lm~e d.eteotor 

is slightly enlarged., just e.s in the cas!?I of X-ray X'@,diogr~phso 

The X'esolut,ion of the positron oa..'1le;ra. is demonstrated ill ' 

Fig~9~ The same phantom used in Figs.5 cmd. 6 lfe.s f:i.l1ad 111th lOtJ.o 

of O~11ium:68~ a positron em1tterwith a 68-rninutehalf life" The 

phantom was 7 .. 5 om f:rom the ims~ detacto:rt) and the expOEHU'e tima 
" " 
was one ,minute for pioture no.l and 5 minutes for picture nOo2~ 

, 
The 1 oentimeter oold spot is visible in both cases" 

, , 

The positron oamera 'has a focal planet or plane-of-best- ': 

: r0solution p that can be set electronically to any dGpth in the ', .. 

subjeot .. ,The resolution obtained when t~, test source is pla.ced 

at 4 dif'f$ren~ depths beloii the image d~teotor is $hovnl in Fig-.lO. 
" 

. 'On th,e lG~t $I the focal plane was set Sot 3 inahest and piotures . 

weI'S taken wH;h the souroe at 11' 3, " and 1 inches" Exoellent 

resolution is o:btadned at the 3-1noh disiO'l.l',lot3, but it falls off 

a.bove and baloif 0 

., On th~ ;>ight, the source wa.s·moy,~d through the same depths 
as before, but in this case the foos! plM(');;~JG.S set to agree with 

. . .... ~ ·,;t;~: 

the distance to the source., The rasolu:Uon is exoellent at a.ll. 

distanoes when this is done •.. By adding u~w eleotronic oirouits 

to the positro~ oamera, images of six ~ift®rent focal planes will 

be obtained simultaneouslyo Thang 'no matter how deep the aotivity 

',' is in the subject" one of the 6 images '[1111 show it ~rlth Gxoellel}:t 

. ,resolutionQ This modifioation should b~ operatir~ in the near 

f'u~cure and will be tested under olinioal oonditions .. 

Positron ooinoidence oameras a.re oha.raoter~zGd by high 

sensitivity in oombina.tion'with high I'Gsolution9 ~d the possibility 

oftomographio operation with aimultaneous readout of severa.l 

planes o The disadvantages, wh0n oompar0d to y-ray cameras, are 

additional oomplexity and overload when mora tha.n about 50~o of 

. , 
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radioaotivity is in close prorlmitytQ the image deteoto!'o This 

ooours beoaus$ no callimatol' is ~I!'lJ?loyed.il -and high counting r.a:~if.'s 

are produoedby small &mounts of aotiv~.ty~ Only a smal1fractio~ 

of' the cou.nts in the· image deteotor 1.ll.l,"E) coinoident with counts in 

the focal deteotor e~d appear as dots in theim~s~o Therefore, 

one to £,i VEl minutes exposure time is u$ually required to accumulat(1) 

. a sui'flcient number of .dots in tha imaee~ Fast dynam:i.o studies 

oan not be made with the positron co~noid~nce camer~.in its p~s$nt 

state of developm0nt~ 
h'b.en very large amounts of poai t1"01.\ ami 'titers are a.va.il-

, able? as when O~gen-159 Carbon-l1; and. othel" short-half-life 

positron emitters are obtained from a cyolotron and wh-sl'J. very 

short exposure times al~required~ a high-energ3multiohannel 

oollin;ator should be, employed., rather than the coinc:l.dencG techniquG.1) 

Since .milliouria a.mountg.ofradioact1v:l.ty will be available, and 

since l~rge amounts can be safely used because the r~diation dose 

to the patient w5.11 be low: _t, . .. 

lifs 9 the high ssnsiti vi ty of 'the posi trol'l coincidence camera. w:Ul 

not be neQdedo The use of a high-energy multichannel collimator 

under these condi tiona should allow sG.tisfG.otoI"'.{ images to be 

obtained ~rith Very short exposure times from positron emitters. 
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Frames from a'motion picture film showing Technetium-99m 
going through a. normal humeu,'l hea,1.'t ~,1 lddnsys e.rs reproduced. in 

Fig"l!. .Tenmillicuries was injected1nto the ia.i!atecu'b:l.t~l 1tairJ.!t 

and piotures were taken at the rate of on0 frame per s0oond o ~~G 

special low-energy multicha.r>.n~l oollimG.i;or was usodSi wld the 

camera. viG.,ed· th* patient ~santericr oh~oto These piotures don'''\'; 

ha.1,t9 the resolu.tion ofcinea.ngio5re.ma;~ . but th(i)Y show the epee,]. of 

. the "(-ray scintillation oe.mers. and i'1:9 sui ta'bili ty f.or dynamic 

studies o . 

This type of heart stur.\y m~ hav~ ·~lue a~ & screening 

;:pr?oed.'UI'eQ . I·~ is ea.s:y to per£om~ &net ~.nV'o1.voe vsry little risk. 

':::or inoonvenienoe to the patient,,! Thi~'wart o.ons in collaboration 

with D~o Alexander Gottsohelk (4). 

In th0 kidney serieS$! the sl;1me pl'oo6e;lure is follolfed 

except the -oamera is viewing thakidney l"agion from the baoke 

" . 

The first t~n'j' fit'ames ShOlf ths isotoP0 .1.i*th~ bottom oftha lun5S~ 

1Aitel"'? the ~"ort& iel ¥"isible~ a.nd then thQ lddneys become. perfU(.JlCHl 

with the isotope o Dr" Malcolm Powell ~~® used this technique at 

Donner La.bora:toryto demonstrate Idclney 1ea1ons ba. corobine.tion 

with Neohydrin Hg-203 and Hippuran 1-1310 All three isotopes ~ro 

used in auccGssion end pulse-height sGloction is e.mployed to m~!te 

the cameT~ insensitive to the P~v~ously$used lower-anergy isotop~o 

The uptru(G of Fluorine-18, a raaoto~ produoed positron 

eoi t tel" wi th a 2-hoUl' hell' life, in o. l'a.tiont ",1th Faga·t ~ s disease 

is shown in F1go12o This patient rao~ived. 280p.c of F-18. in tho 

form of sodium fluoI'ida~ and .the pictUNs w~n tllken 1-2 hours 

later t1i th the positron coinoidenoQ camer8.$ Ejeoh of the 11 circular 

'0.' ".', 
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fields was sXl'osed for 4 minutes.. The ~r.;ra piotures a;'~ right 

and left are lass intense images cbt~inod from the six-lens 

optica.l camera,,· This work wa.s done in collaboration with Drc> 

Dona.ld Van Dyke (6)" 

Other radioisotopes used in olinic~l diagnosis and re

search with thG positron oamera inolude Iron-52 9 an 8-hour, 

cyclotron-produoed poai tl'On emi·~ter 'Ifhien ~.s usad to image the 

distribution oferythropoietio bone mari~w (7) ... The same isotoPG 

is ~eins usad to show the sitaof absorption of iron when in

gested orally (8).. Oallium-68~ a 68-minute positron emitter ob~ 

'~ained from a 270-d&y pareniisotopst i~ used to looa:te brain 

tumors (9)". 

./ 
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Lun~Visualization 

., 

Prelimine.ryrssul ts obtained from a. ne1-1 ,isotope ,.12. til 

a 5-aecond half life that shows promise for visualizing the 

lung is shown 1nFig.,13. The new isotope is Iridium-191m t and 

its oharacteristics are asfollows a Tha half life is 4.9 

seoonds\) the gamma.-ray EH:1~I'gy is O.,129r4eVt> which is slightly 

lower than Technetium~99, and the abundanoe of the gamma-ray 

is 20'%0 Eighty percent of ~the gamma-reys are in~,ernally oon

var-~ed to high speed electrons. The ,par-ent Osmium-191 has a . 

half life of 16 da.ys and is reaotor-prod.uced from natu:r~,l Osmium 

by the "('seotion Os190 (n, y )Os191 • 'The daughter comes off an ion 

exchange colUI1\u in strong sodium' chloride soluti.on as the hexa

chloro-iridiate., 

In this example the ion exohange column is oonnected by, 

e. short pieoe of tubing to a vein in the left HiJntJ.. leg of a. dog. 

'The daughter isotope f101-1s through the femural vein il'lto the 

right side of the hsart o Then it flows into the lung 9 and ap

p~rently diffuses into lung tissue~ wher~ it remains until it 

,"&i3"cays oompletely" or course ~1i th a 5-sscond half life, complete 

deoay OOCti.rs in leas than a. minu:te, so :i. t is not necessary for the 

Iridium to ~main in the lung very long. In this eze~ple, the 

isotope was infused oontinuously, $nd thQ pictures show the 1'e-

. suIting ateady-atatecol'lcU. tiono The fZi\xposure time for each 

circular field was 45 seoonds" The two extra pictures at the . , 
(left of the dog shot-r the lung field at darker intensity" 

.:..,. 
In dogs, the heart is superimposed on the Ivr~9 b~t in 

humans most of the lung is clear of the heart, so this teohnique 
.J •. ,'f .e'1. 

may be useful for visualizing the lung in humans" :, Cbrnpa:t'ecl';.:t6:;:, .. Vf'''" .. " 

'other agents £o~ visualizing the lung, this method has the ad

v-anta.ge of no particle,S to olog oapilla.ries a..'ld vary lo~ rad,iati-:nil 

dose o This work has been done in oollaboration ~ith rur" Yukio 

Yano!) chemist at DonnerLabora~Gory (10)., This technique of con-
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tinuous infusion of an i30tOP~9 followad'by t~mporar,y uptake 

in an o1'g&1:> and ths~ follOi-ied by Emif't daca.y of thG isotope 

YTi~'hin 'i;he ol"ga.n~ rna.;;r be useful in oth..ar inti:r~a..1iloes" 
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The next tour figures show work in p~ogrese by whioh 

transversa seotion ,scans of the brain~ similar to those obtained 

with a speoiel tomographic scanner by Kuhl (11)~ will be obtaino~ 

with t-he l-ray scintillation c~mera and auxiliary equipment c The 

patient will sit in a ohair which rotates slowly abort its 

vertioa.l axis as shown in Fig,,14o Tho N\~Clear-Chic~o sci:nt~llm.~ 

tion camera. will he used with 0. speoial collimator ~ib.ich is 

focused in one axis 9 as seen in the bottom drawing? bu~ un-

, foousad~ or parallel 9 in the other a:nslii ta.s seen in the top 

dra't-rifl.g'o ' During rote-tioD. of the pa.tient, the a ame ra will exe.mino ,', 

a horizontal slice of' tissue -through thG patient t s' heMe , 
I 

The optioa.l camera that recol:ds the pictures 1'lil1 be 

special to two w~s$ as shown in Figo15o Firat an array of gls~s 
. I 

rods will be looated in front of tho lans o This will transform 

the dots on the oscilloscope to vertioal lina13 IOn the film" Second.- . 

liS! the film will be rotated about ita perpelndioular aris in 

sy;nollronism 't<1,i th the patient 0 As the' ~adioaoti ve subject e.nd the 

photogra.phic film ro'tate in synchronism, a large number of lines 

will be reoorded on the film th~t intera~ot wherever a radioaotive 

point exists in the subject~ The reoult will be the same as that 

"obtained from eo trensverse body-sectionsce.nner when it makes a 

" 

.. 
large number of linearacans around the patientOs head and reoorda 

the oounting information 'Q,s,lines~ aooording to the method. of Kuhl Q 

Figures 16 and 17 show how this idaa has been tested so 

fftr. Three sroall sources of 10din9-131. weI'S fe,stened to &. wheel~ 

and the wheal was rotated through 24 differant positions, stopping 

for e. short exposure of tUG film every 15°0 The wheel was view-ad 

.' '. . from ita edge a.t a.ll times .. 

The result is seen in fligo17o Picture nool shows a. con

ventionsl imege of the test sourc9s~ with the wheel in only one 

of the 24 pos1tions~ All ihree sources are visible~ but it is 

, . 

" 
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not possibl~ to determl.ne their depth belof1 the oollimator from 

this picture alone" Pic'Gure no,,2 shows th.~ same si tuation p 

except ths glass rod. £11 tel" 'trae placeld in front of the opt;ical 

oamera lens~ The dots have been tran3foc-med into vertical linec o 

Pioture no,,) shows the l"'esult wh.an the film a,no. "che +i'hsal 

holding the sources have been rotated through 24 positions" Th~ 

linesinters00t at three locations co~~esponding to the location 

of the three sources" A transverse viev1 has been produced. tha.t 

shows the location of the souroes as vi 19'(,70 (1 from right angles to 

the scintillation camera" E.$Ctf~v..S0 of the meohanical simplicity 

of this ayatsm ccmpared to tranave~sesection sc~nnsrs~ it should 

have important a..pplicationein the d.iagnosia of brain tumors. 

Clinical trials will be made in the nea~ future. 
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20 H.O~ Anger9 in "inertrornentstion in i.Illclear £.xedich1e l1
9 

. Ed" Gerald J 0 Eins" Academio Preos t liow York (to. be 
published 1966)0 " 

. '. 
3.0 floO", Al1gel'gt 1~i'l'renoe Rso.iG.tion ~'bQratory Report 

UCRL-16724 (1966) Q' 

4.0 HoO., AngeI'9 DoC .. Van Dykes Ao OottlSchalkll Yo lano, 8,nQ 
1 Q R. Schaer$Nucleonios 23 7 No.1, 51 (1965)0 

5" RoO", Angel~9 Iii"Eo POt'jellj) DoC" Va:tA DyklS ll toRo SOha.el"9 
R 'W d v "'l 'M":'~ __ t" I\.~ "~.~...h~ o .. ·S;tfW8.Zll' an .\" ·eno g f"'~~·""F.l.=:,.~("·~'\:;.7l:~,,,--.n.-"U\;;f·--

~atil1c:vUel'j; C~:W-1" in. rinadioa.k:tiv~ Isote'p-e in K.linik 
. unO. ~~ozr'echu!!lgt' II 1(., Fallinger and ORa Hoferp Ed." \) Vol" 7 ~ 

Urban and Schwll).:rz~nbergl1 i~WliQh' end. ~r.lin (1960) I) 

6", Doe o V~ Dyke~ 3,,0$ Anger$' ,1.0 Yanof} and. Co Bozzini9 Am .. J." 
Phygiol" 209, 65 (1965) .. 

'1" HoO" Anger p c....nd D"C", Van Dyke, Soiel'loe 1449 1587 (1964) .. 

8.. RoA .. Fo.iftolalQ~ HoSo Hinohel1s M" Pol'.yoQve~ T" SaZ'gen~'<; . 
H" Anger£, e.nd ~1" H" tawzellce ~ J 0 Nuol o Mad o 1!1 569 (1966) '" 

10 .. 

A" Gottechalkf; K.R" McC 0 rmap1: , J -oEb A'lam6~ and RoQ,? Angelo 
Radiology 84p ' 502 (1965)" " 

Yo YanoS! and HoO" AngeT~ USG of Ult,.,.a.-Shol't-Livad Radio
iso1;oplUs to Visualize Blood Vessels :;md. lUt"1gsp (to bG 
published) ti 

./ .. 
• ~ 'r' -.. . .11 .. DoEo I{uhl~ in ftMedicsl Re.dioieotopa Soanningft 7 VoleIg 

Interns:cion,al Atom:Lo Energy Agency\> Vioml@~ (1964) 0 .. ~~. ," \ I 
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1.. Image de"cector of 6cil'ltl11a.tion cam~:m~ wi tll 11 .. 5-·inch 
die.mete,r by 0$5-inoh. thick solid aod.ium iodid.e crys'cal 
and 19 multiplier pnototubes .. 

2" Image-producing y-rp..,y oollimatorS) l<i.Ssd 'tfi tIl image deteotor 
of i:'igo l .. 

3" Sensi t1 vi ty of sointillation oa.mo:ca vii ih three collimators 
shovYn in Fig .. 2 \! ~nd ill posi'(.;ron coincidenoe operation., 

40 SOintip'hotos of' thyroid phlll'ltom Ob1~a.,ined 1-11th (1) Single
s,perture pinhole~ (2) ~I"iplc-apal'tu:('l9! pinhole 9 ~l'ld (3) 
;l{edillUl-energy mul t:;~ohrult"1el col1iriu.il.'c'"t2~ j!> 

5.. Phan~co!!l oonta.ining 25 microc:mriGH70 of Bariu.m-133 imaged. u'i ill 
mediu.lI-energy mal tich,'Ell'l:."1IZl1 collimato!'. (1) Phantom 1 em\) 
(2) 5 om ll (EJ,nd (3) 10 ern from collimator" Exposure "Glme 5 
mil1u-tes.. Six-lens optical camera ,wra,Sl l,:1.sed to obt€'dn six 
J.mages of graded intem.;i ty siml;\l taniawuGly,. 

6" ?han'~om oOilte.ining 370 miorOCUl":tes of Technatium-99m im~d 
id th lOvl-017.6rgy mul t:i.ohan:i16l1 colHrnator$ Di(~.l'~ance from 
phantom to collimator is (1) 1 cm~ (2) 10 cm~ and (3) 10 om 
including 6,,5 em wetera ExpOSU~0 time 1 minute" 

70 tung phantom containing 500 microcttries Teohnet1um-99m 
imaged tii th 6 mm pinhole collima:~a;{'~ j)i$tanoe from phantom 
to aperture is (1) jO orn~ (2) 15 cm~ snd (3) 7,,5 em" Ex-
posure time 2 minu'ces o . ' 

8 4 Blook diagram of positron oo1no1denc~ oamera,. 

9~ Phantom conta;.ining 18 mioroouriea Qf posi·~ron.-emitting 
Gallium-68 im~ed by positron ooinoidenoe techniqu0 0 Ex
posure t;.t:1I9S (1) 1 minute and (2) 5 minutes c Pharrcof.il fttrAS 

7 to 5 om from ima-ge detec'l;or" 

10 0 Resolution of positron coincidano0 o~mers (Left) with fooal 
pl~..naset at 3 inohes and (Right) \i1i:th fooal plane set to 
souroe pIMa.;> 

11" Dynamio function study of norme.l h~a.1"i ~d kidneys made lj;i" th 
Technet1um-99m perteohnitai0 0 

12.. Uptake of Flucrine-18 in patient with Paget~s disease .. 
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of lu.ne wi. th 5-SI3COlld !X'idiure-191m.. Isotop~ 
into vein in right hind l~g of dog\) flovTs 
and hea.:rt into lung .,,;theKG it diffuses in,to ' 
Isotope deoeys befor,~ l'So.vlng lv.n5<l 

14,0 Pla.nnEHl u.se of sointilla;tion camera. to obtain tl"allSVerSe 
seotion ime..ges, of bre,in,o 

15.. Special optical. CE'$ilISI';).. f.or obt~).ni~1.g transverse/seotion 
vi.ews,. Arre"y of glass rods befcro, l~!lS 'transfort!1s dots 
i!r~o lines on pho·togra.:ph:lc filJ;l'l~ 

16" Ji..rr8.Y of test' sources on, rotD.ti~ ~l'h(;is:t' to demonstrate 
transverse aectiotAoperation Sh.OWl!), :t~ F~~g,1> 11 .. 

/' 

(1) Conventional sointipnoto of 'test soU!'ce.s shown in Fig •. J,Se 
,(2) Same oxcept dcl'l:s have bee:l1 tl'i!;'.nsformsd into lines by 
gle.ss rod filter sho~n1 in Fig",l;" (3) Sa..me~:r;,tcept ~~b.eel 

'hold.ing sources. and. photogJ:'a.phitl film ha:ve bean Z'o"l:mted. 
through 24 poai t:tOl),s?l'6sulting in ~ t:t'~FJvel:"Be section vi~w ~ 
This prinoiple .;,111 be ep:plied to. brain tumor locali~a.tion .. 
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lead shield 

Hexagonal array 
of 19 phototubes 

Light deflector 

Optical light-guide 

Sodium iodide crystal 

~~:--- Gloss window of 
crystal housing 

LIGHT PHOTONS 

GAMMA RAY 

MU 9-9644 

Fig. 1 
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MUB·3834 

Fig. 2 
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1000 

100 

OVERALL SENSITiVITY 
/ COINCIDENCE 

E a COLLIMATION OF 
POSITRON EMITTERS. 
(AS DESCRI BED iN TEXT) 

A 0-__ _____ MULTICHANNEL COlliMATOR 
-0. ... / DESIGNED FO R 0.2 MeV MAXIMUM. 

C 0-_ 
'0.. 

D x-....., 

...... 

...... , 

'0 (FIELD SIZE 9 TO 10 INCH DIAM.) 

____ ~ -INCH . PI NHOLE COLLIMATOR 
/' AT 3-INCH DISTANCE. 

'0... ............ , 
(FI ELD SIZE 4.2 INCH DIAM.) 

'O.. ...... c-:-.. ...... -o.. 

MU~ICHANNE L COlliMATO R 
DESIGNED FOR 0.36 MeV MAXIMUM. 
(FI ELD SIZE 9 to 10 INCH DIAM.) 

x 

"'< ~-INCH PINHOLE COLLIMATOR 
,;/ AT 12- INCH DISTANCE. 

x (FIELD SIZE 17 INCH DIAM.) 

"-.......x 
" 10L-____ ~ ____ ~ ____ ~ ____ ~ ____ ~ ____ ~ ______________ _J 

o 0.1 0.2 0 .3 0.4 0.5 0.6 

y -RA Y ENERGY - MeV 

MUS - 9838 

F i g . 3 
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(1) 

(2) 

(3) 

XBB 674-2288 

Fig. 4 
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(1) 

(2) 

(3) 

XB B 674-2289 

Fig . 5 
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(1) 

(2) 

(3) 

XBB 674-2290 

Fig. 6 
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(1) 

(2) 

(3) 

XBB 674-2291 

Fig . 7 
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Point of origin of . 
gamino-ray pairs 

+-- 19 scintillation counters 
in hexagonal array 

Fig. 8 

Scintillation coordinate 
computer circuit, 

Pulse-height selectors, 
r---,," and Coincidence circuit 
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Polaroid camera 

MlIB-2473 
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(1) 

(2) 

XBB 674-2292 

Fig. 9 
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JHL 5993 

Fig. 12 
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This repo r t wa s pr epa r ed as an account 
sponsored wo rk . Ne ither t he Uni ted States , 
mI SS Ion, nor any person acting on be ha l f of 

of Governme nt 
nor t he Com 
the Comm i ss ion : 

A. Makes any warranty or representation, exp re sse d or 
implied, wit h r espect. t.o the acc ur acy, c ompl ete ne ss, 
or u se fuln ess of t he in fo rma t i o n co nt a ined in this 
r eport , or t hat t h e u se of an y information, appa 
ratu s , met ho d , or process di sc lo sed in thi s r e po r t 
may no t i n f r i n ge p r i vat e l y 0 w n e d ri g h t s ; 0 r 

B. As s ume s a n y li abi l it i es wit h r es pe ct to t h e u se o f , 
or for damages r es ultin g from the u se of any infor
mation , ap paratu s , method, or process d is c lo se d in 
t hi s r eport. 

As used in t he above, "person actin g on be ha l f of the 
Commi ss ion" includ es a n y emp loy ee or co n t ra cto r of t he Com
mi ssio n, or e mplo yee of suc h con t ractor, to the extent tha t 
such e mploy ee or co n tractor of the Commission, or e mplo yee 
of s u c h contractor prepar es, di sse min ates , or provides access 
to, a n y in fo rmation pursuant to hi s emp lo yme n t or contract 
with the Commission, or hi s emp lo yme n t with s u c h contract or . 






