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re 
When a compound labeled with a radioactive irotops h admin.irtered to a 

human or animal, the material i r  distributed to various organs and rites in the 
subject according to the material odminirttred and the metabolic state of tho 
subject. It would be useful to be able to visualite on a map or photograph the 
Clirtribution of the active irotope. Thir c a n  be done for gamma-ray-emitting 
isotopsr by mama of the inrtruarente described here. 

THE OAMMA-RAY PINHOLE CAMERA 

T h e  gamma-ray pinhole camera is an inrtru~llrent thbt provider 8 picture 
of the distribution of radioactivity. As dercribed by Copeland and B e n h i n , l )  
it consists errentially of a lead mhisld, with a small aperture through which 
gunma r8yr can pa88, and 8 gamma-ray-senritive material rucb 81 a rrdio- 
graphic film located a few incher behind the aperture. Some of the gusrmo rayr 
from the rubjact parr through the aperture urd form an h r g e  of the gWm8- 
rry-emitting arear of the rubjcct behind the pinhole. The image can be m8d# 
vieible by exporing and developing the radiographic film. 

The very l o w  sensitivity of this instrument can be improved by replacing 
the radiographic film Oath a rui ble phorphor and a Ught-rensitive photograph- 
ic plate a8 deecribed by Anger. 8 The phosphor converts the g u n m r  rryr to 
light and the resulting light exposer the photographic plats. A @uitable materid 
for th i8  purpore ir thallium-activated rodium iodide. When gamma royr im- 
pinge on thir phosphor, recoil electrone -e produced, which in turn produce 
scinfillatioar of light. The high density of rodium iodide and the large thick- 
ncse that C8n be ured result in more efficient blackening of the photograpbic 
plate. 

A working model of a gamma-ray pinhole camera uning thir principle is 
rho- in Fig. 1. Some of the gamma royr from the rubfsct below the camera 
travel through the pinhole and reach the large flat sodfum iodide cryr ta l  a t  the 
top. The gamma rays cause the crystal to e d t  light, oome of which reacher 
and exporcs a photographic plate placed Juet above the crystal. The spreading 
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of the light bafore it reach;' the photographic plate m d  the conrequent 1088 of 
definition a re  limited by the inverrc-square law m d  by total reflection at the 
boundary between the cryrtal  enJorure m d  the photographic plat.. 

Becaure thick trlnoporsnt intenriffing ecreenr a r e  ured, it is not porei- 
ble to obtain good dofinition, but this can be tolerated in a gamma-rap pinhole 
camer8 bec8urc the definition of the camera i r  inharently low. Even if the 
pinholm i r  made very rmdl rome gwnma rays travel through the lead adjacent 
to the pinhole, m d  the effective sire of the apsrture i r  rtil l  f d r l y  lugs. 

The uae of this technique 8Umr the rearitivity of the comer8 arrembly 
to be .bout 20 t h e 8  a8 p e r t  a8 it would be if Kodak No-Screen X-r8y fflm 
were ured with the u r u d  lead foil intensifying rcroenr. Thus it i r  posrible to 
obtain a faint image of rource containing 1 millicurie of 1131 per a q u u s  can- 
t h o t a r  with M sxporure time of 1 hour when the pinhole r ise i r  A/8 inch, the 
Wcknerr of the thrlUum-8ctivrted rodftun iodide cryrtrl  used 8 6  the htenrify- 
b g  rc roen  ir 5/16 inch, and Kodak type 1038-0 apoctrographlc platos Ut used 
8 s  the light-sensitive material. 

Although this rsnritivity ir quite low, it has been porribls t o  obtain an 
in-vivo gamma-ray autorodiogra.ph of o metastatic thyroid tumor containing 20 

tiont required a therapeutic dore of Xl31. The gamma-ray autoradiograph m d  
8 correspondfng X-ray rrdfograph a re  rhovn in Fig. 2. The tumor war located 
at the patient', elbow. 
main area9 in the tumor. 

millicurie8 of It W 8 8  p o r ~ i b l e  to take thir pictwo because the pa- 

The radioactive iodine i r  ahom to be t8k.n up in two 

THE PINHOLE CAMERA AND IMAGE AMPLlFIER 

The sensitivity of the gamnra-ray pinhole camera can be increased by ure 
of an image-amplifier tuba rimilar to those ured for tho htenrificrdon of flu- 
ororcopic X - r a y  iyagss .  A drawing of the hrtruareint as dercribed by Mortlmer, 
Anger, and ToM8r ) is rho- in Fig. 2. The rubjoct i r  at the left of the canera. 
Gamma rays from tho subject parr through the pinhole and form m image of 
the gamma-ray-omitting rreaa of the subject on the rnoedc of nuorercent ctyr- 
t a l a .  
duced in the crystal to the photocathode of the image-amplifier tube. 
falling on the photocathode causer electroar to be emitted. 
accelerated by a 25-kv potential m d  arc focured by an electron leno on 8 small 
sinc rulphide-rinc relenide rcrsen at the other end of the tube. 
formed here can be viewed through I ,  magnifying 1.n~ syetem or i t  can be pho- 
togr aphs d. 

The gain fa due 
both to the acceleration of the phQtoelectrans by the 25-kv potential end to the 
reduction of the image sire by the electron lens. The rise of the image on the 
fluorarcent screen i r  1/9 the @ice of the photocathode, thur gaining by a factor 
of 81 in brightners bec8use of the reduction in rise of the electron b a g e .  
With this apparatus i t  is porribh, dtsr dark-rdapdng the eyerr to view on the 
rcreen aources of rrdioactivity a1 small ao rbout 200 rnicrocur~sr per s q u u e  
centime tet . 

Each cryital i r  rurrounded with a reflector which directs the light pro- 

The electrons are 
Light 

The im8g8 

The tube increaoer the light fntenrity by 8 factor of 600. 
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The useful gain of the image-amplifier tube--rad therefore the sensitivity 
of the ryrtem--is limited by the background glow of the viewing ocoeen when no 
Light fa l l8  on the photocathode. T h i o  glow i o  caused by thermal aad field oznir- 
don of slectrono from the photocathode ourface, and alro  by electronr knocked 
out by cesium ion8 migratingl to the photocathode. The background due to the . latter cause can bo reduced by a factor of 5 by cooling the tube to O°C. 

However, even with the image-amplifier tube cooled to O°C md with the 
h a g c  photographically integrated, the reneit ivity is about 10 microcurier per 
square centimeter with a 30-minute exporure time. T h i o  oanritirity i n  great 
enough for rome in vivo tracer expcrimante. Greater renoitfvity would Lncrerre 
the uaefulncrr of the instrument considerrbly. 

A photograph of an image obtained QXI the acreen of the image-amplifier 
tube from a radioactive auurce i r  r 4 % ~  in Fig. 3. The 80wce was 8 V-ibaped 
groove in a lucitc block filled with I The activity of the rource wa8 
4 rnc/crn2. 
exporurr time to obtain thir picture war 8 minutes with Super XX film at 1/6. 

rolution. 
The diameter of the pinhole aperture waa 3 millimeterr and the 

The osndtfvity would be considerably greeter i f  the photogtophic film 
could be placed in contact witb the fluoreacent acreen. fn the tube urad for 
there tertr the screen war located at an rppreci8bla distance inmids the a w e -  
lope, thur m&ng it n e c c s r u y  to photograph it Wlth 8 camera, Tbir  crured 8 
considerable loo8 In light and renritivity. The 14timats h scnritivity would ba 
reached i f  each rcintillrtion produced in one of the fluorescent c r y r t d r  by a 
gamma ray were amplified so 8 a  to be visible to the eye and 80 that it would 
appear PI a dot if a photograph were taken. Thir r e n d d d t y  might be rdricvod 
if a two- or three-stage image amplifier were ured. Further work dong there 
lines is indicated. 

P 

THE MULTIPLE-SGXNTILLATION COUNTER SCANNER 

Another method of determining the distribution ef r&oacd%dty in 8 sub- 
ject is to scan over the rubjsct with one or more directtonrl gunmr-ray c o u t e r r  
m d  indicate by iome mema tho relative counting rate over the area .canned. 
Scanner employing a r gle rcinttllation counter have beon doscribed by 
Casrtn 41 andMoyneord. 9 . 

8 modification of IC 10-counter 8c&.nner described prcriourly, 6 1. 

U mo r e  than one rcintillrtion counter is ured, the area that CUI ba covered 
in a given time ir  proportionately incr*aeed. A r c ~ c r  employing 10 O C b d h -  
tion counterr i r  rhown in Fig. 4. Thir inrtrumsnt c8n produce a picture of the 
dfrtribution of radioactivity in the whole body of a human rubjrct in about 45 
minutes and can detect leer than 1/4 microcurie per square entimeter. It 18 

* ra 

The instrument consirto ereantidly of 10 rcinti~rtion counterr in a lord 
rhield, 10 glow lrmpr connected to the counterr throueh unplifierr 10 that 8 
count from each of the counterr producer a a8rZP of light in the corraBponding 
glow lamp, a mirror ryrtam, and P Polaroid Laad camera that rscordr the 
flashes from the glow lunpr  a8 spots on 8 photographic filaR. 

Each ocintillatian counter conristr of an sad-window photomultipllct tube 
1.5 inches in diameter which is coupled optically to thallium-activated rodiun, 



iodide c r y r t d  0 .5  inch in diunoter by 1 inch long. The counterr are poritiaaed 
dung two o t r r i g h t  purUel  h e r  81 rho- in Pig. 4. Below each counter i o  .IS 
aperture in the lead rhield which points rtraight down. Various riser of rper- 
turer u e  wed, dcponding an the oelrritivity and / e f U t f o l r  rccquircld. To rcaa . 

an area for gamma-emitting irotopsr, the counterr uo moved r l a u l y  by mema 
of 8 motor In 8 direction perpendicular t o  the two 1hcr dong which the c ~ t m t e r r  
a r e  loceted. An area 8 inches d d e  and r a y  durired longth ( u r d y  24 Lncher) 
i r  covered by each rean. 

When a perron i r  to be I C O P Z L ~ ~ ,  tho rubject Urn8 on 8 table rad the counter. 
move over him from laft to right for a dirtrace 9f 24 Lachor m d  then return to 
the rLutfpg point. To #c.d the whole subject, about 10 of 11 rcanr a r o  -a. 
The firrt r c u l  covers the rubfact'r head; then tho Wble 011 which the p8tient Uer 
Im mwed mo that the roeond BCUI cowexr hfr neck ,thr third t e r n  cov8rs hir 
upper chert; and so can. Four minuter u o  requirod for rwh mcaa rad 45 min- 
uter -8 required to r c m  h Wr manner from head to toe. The rrrulthg rep- 
Uato pictures u a  joined to#ether to form 8 comporite howl-to-toe picture. 

The dirttibution of act ivi ty  fr recorded by memr of.the 10 glow lunpr, 
the mirror ryrtrm, and tho camera. The glow h p r  and lO-cblnnel wnplifier 
a r e  connected so that each gunma r a y  detected by m y  of the 8cintUhtioa counterr 
producer a f h r h  of light in the correrponding glow lamp. For inrtrncs, pmmr 
rays dotected by tho f i r r t  counter produce flrrher Ia the firat glow lamp, and 0 0  
on. The glow lamps m d  mirror ryrtem are ccmt8hed in a drrk box, and are  so 
u r m g e d  that r u e  the counterr arc moving over the rubjoct, tho rotating mirror 
in front of the cmnora lsno ccures the glow lrarps to appear to move in rpchro-  
dam before the camera. During e8ch scandng period L t ime exporure of the 
glow lamps is taken with the Polaroid Land camera. Thh camera develops urd 
deliver8 8 finished print one minuto after each rean is ulran. 

Each f h r h  of a glow lunp appearr 81 8 dot on the photograph. Where the 
activity ir greatest ia the rtabjrct, the greatert number of dotr appears on the 
corresponding p u t  of the photograph. Therefore. a map of the distributioa of 
activity ir obtrtned with cuecentratioria of dot8 indicating where the actfdty ir 
grertort. The natural background due to  cosmic rays aad rtray tadioactidty 
rppearr as 8 few dotr randomly dirtributed over the print. 

A ringle .can result. ia 8 picture with 10 rwr of dotr having what might 
be called 10-Une definition. In practice, increamed d a t i o n  ir obtained by 
interlacing e c m r  in the foUuwiltg way. The counterr first move from left to 
right over the rubjsct. Then the rhield i r  movod, ln a direction perptndiculu 
to the original direction of motion, j u t  ons-hdf the dirtrnce bewean the apsr- 
t w o s .  Then ?he counterr .can from right to left over the r u n e  are8 of the rub- 
jrct. At the rune  time the imager from tho glow l u n p r  are  intorlaced optically 
by an adjurtment in the mftror ryetern. The result i r  8 # c u t  with 20-liac def- 
inition. This i r  the type of rcan urually kken on all large rubjecto. 

war. taken of 8 r8dif1t ivo tort pattern mrda by filling u11 X-rhaped groPv8 in 
a lucite bl solution. The tort pattern contained a total of 10 micro- 
curies of or about 0.25 microcurie per rquore cmtirnoter. It war located 
one inch from the i c ~ l l ~ r  rhiald, aad apertures 3/8 inch in diameter wore ured. 
The thickacsm of the ahidd was 1 inch. A 1O-l lna  image mads by a ringle .can 
is rbown at (Ah 8 20-line fdterlaced image at (B), and a 40-line interlaced h r g r  

Teat imager obtained with the rclinnur a r e  rho- Ln Fig. 5. The 8c8ao 
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a t  (C) .  The bcreoro  h definition obtained by interlacing ir c l e u f y  d.manstr8t- 
ed. 

The same radioactive tea t  pattern war scannod when it w u  located 0.25 
inch away from the shield in (D) and 3 inch88 away in (E). There picturer ahoar 
the decreare In definition obtained a8 the dhtance to the radioactive source ir 
hcrcared. 

The rerult of incroaring the rclnning time-without changing the interhcing 
ir  o h 6  by comparing (E), which ir  a regulor 4-minuta, 20-Une interhcod 
rcm,  with (F), which was m8de by recording two &minute rc-8 0v0r the ram8 
area on the r a m e  print. The repeated rcan giver a more definite image bscauro 
of the larger numbek of countr recorded. 

* 

The rcaaner i8  rufficiently renritive that it can detect one microcurio of 
Il3l if  the activity i r  concentrated in an area 1 iach or ls8r in daanoter. This 
rensitivity ir for a 20-line interlaced IC- with apertures 5/8 inch in diameter 
and with material oquivrlent to 2 inch88 of tirrue between the scanner and the 
radioactive rource. Slightly weaker rourcea can be detected with no lorr  in 
definition by taking ropeatcd scan8 of the mame area, each r c 4  being recorded 
on the l a m e  print. 

Some exampler of in vivo gamma-ray picturer are  shown in Fig. 6. The 
four pictureo show the Uvor m d  rpleen of human rubjectr who have roceited an 
intravsnour injection of 50 to 100 microcurfar of colloidal gold-198. Naarly 
all of this material ir taken up by the liver and spleen. In each CIUO, the liver 
is at the left of the picturo and the rpleen, romotimer ctsnriderrbly enlarged 
over the normal aiae, i o  ohown mort  faintly on the right. The radioactivity 
preeent in these organr war 81 little or 0.1 microcurie per rquare centim*ter 
of area a6 reen by the ocamcr. Each picture cover# an area 16 by 24 inch48 
aad the total scrnning time for oach woo 16 minuter. From there picture8 
d a e  and shape of the orgulr can be erthnated. Stirreft, Yuhl, and Carren 
have uoed r imi lu  surveys of tho liver to detect tumor8 large enough to displace 
aa appreciable amount of liver tisrur. 

8" 

An example of head-to-toe 8cl.nniag of a thyroid carcinoma patbnt ir 
rhown in Fig. 7. The paticnt'r thyroid had been removed 2 yea r8  previourly 
and he had a large metieta ellon near his left elbow for which he had been 

ner ictures were taken. The patient war given 8n oral dore of 5 millicurier 
of IA1  m d  a seriee of three heod-to-toe rcaaner picturer war taken. The firat 
was taken 1 hour after the does war 8dminfrterOd, and it rhowr that the 1l3I 
war distributed throughout his body. The recond war taken 48 hours later and 
rhowr same point8 of cancentration of iodine, but they a re  inconclurivo except 
for the elbow because of the high body background. An outline of tho patient'r 
body ir rtill  visible because of the rlow dirappeuance of iodine in this patient 
from the blood and intercellular space. Tho third picture W 8 l  Ukea at 96 hour  
and shows 6 point6 whore iodine wao taken up in rignificant rmowtr .  They a r e  
at the rternum, the right pelvic region, the lower right cheet, the left urn near 
the rrhoulder, the jaw region near the front teeth, and tho left elbow. The h ~ 8 -  
tion8 are hdicrted on the outline drawing at the right. 

X-ray radiographs were taken of the point. where iodine was taken up 
aftor they were found with the rcanner. On the rtern'wn near the third r ib  a 

given therapeutic dorer of I 951 . Wo other lerionr were evident before the rcaa- 
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crlcifiad area wa6 found, and in the right pelvic r e g b n  a rmrll rpur of bone 
war found 011 the ilium. Neither of there utifactr as meen 011 an X-ray radio- 
graph war abnormd enough to be conaidered a n  the rite of a rnetartatic lerian 
on the barfs of the X-ray  evidsnce alone. 
d t h  the scanner, dl sLX points, with the pordble excopdon of the jaw region, 
can be identified with relative cer tdnty as  the r i te  of a metartatic thyroid ledon. 

However, on the baris of the findings 

The uae of gamm8-ray .canning in combination with X - r a y  radiogrrpha 
provides maximum information in locs$ing thyroid lerionr, since the X-ray 
radiograph, i f  the lesion i m  virible on it, rhowr with greater accuracy where 
the lesion is located, and d r o  indicates the depth. Hqwev'er, thyroid laaiona 
that are not virible by meana of X - r a y  rrdiogr8pht can be detected and located 
by maanr of gamma-ray rc8naing. 

CONCLUSION ' 

The pinhole camera d t h  8x1 improved image amplifier m d  the scintillation- 
counter aC8r1ner both rhow promire of increasing urefulnerr in tracer research 
and in dhgnorir involving g;rmma-try-emitting rsdioirotaper. 
useful at the present t h e  for locating thyroid lesion. and for outlining the liver 
m d  rplcen. 
u e  developed. 

The 8cIRnet &I 

Other u i a i  wi l l  be found 8 8  new tracer compounds and technique8 
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