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*a 
a When a compound labeled with a radioactive irotope i q  admidatered to a 

human or animal, the material i r  dimtributed to  various organs and sites in tho 
subject according to the material adrrrinfrtsred and the metabolic sta* of the 
subject. It would be ureful to be able to vieualics on a map or photograph the 
Uietribution of the active irotope. This can be done for gamma-ray-emitting 
ieotopea by maanr of the instruments described here. 

THE GAMMA-RAY PINHOLE CAMERA 

T h e  gamma-ray pinhole camera is ari instrument that provide& a picture 
of the distribution of radioactivity. As dercribed by Copeland and Benjamin,l) 
it condots errentially of a lead shield, with a small aperture through which 
g a m m a  rays can pass, and a gornma-ray-sensitive material much a1 a radio- 
graphic film located a few hcher behind the aperture. Some of the gunma r r y r  
from the subject pars through the aperture and form an image of the gsmma- 
ray-emitting area8 of the subject behind the pinhole. The image can be made 
vioible by exporing and devtlopiag the radiographic film. 

the radiographic film With 8 rui bls phorphor and a light-renritivs photograph- 
ic plate as deecribcd by Anger. 8 The phoephor convert8 the genunr  r ay8  to 
light and the resulting light expores the photographic plate. A suitable material 
for this purpose is thallium-activated rodium iodide. When gamma r a y s  im- 
pinge on this phosphor, recoil electrons are produced, which in turn produce 
ocia.t.illationr of light. The high denrrity of sodium iodide and the large thick- 
ness that can be used result in more efficient blackening of the photographic 
plate. 

A working model of a gaxnma-ray pinhole camera using this principle is 
shown in Fig. 1. Somd of the gamma rays from the subject below the camera 
travel through the pinhole and reach the large flat sodium iodide crystal at the 
top. The gamma rays cause the cryetal to emit light, some of which reaches 
and exposes a photographic plate placed Just above the crystal. The bpreading 
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The very low senritivity of this inrttument can be improved by replacing 
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of the light bdore it reachGa the photographic plate and the consequent lor@ of 
definition are limited by the inverrc-square law wad by total reflection at the 
boundary between the c rys ta l  enJoeurt and the photographic plate. 

Because thick transparent intensifyhg ocreena are ueed, it i o  not posei- 
ble to obtain good definition, but t h i s  can be tolerated in a gamma-ray pinhole 
camera because the definition of the camera is inherently low. Even if the 
pinhole i r  made very ernall some gaplma rayr travel through the lead adjacent 
to the pinhole, and the effective size of the apurture is still f a i r ly  large. 

to be about 20 timer as great ar it would be if  Kodak No-Screen X-ray film 
were used with the uoual lead foil intensifying ecreen~. Thue it ir posaible to  
obtain 8 fdnt image of a source contahahg L millfcurfe of 1131 per square cen- 
timeter with an expollure time of 1 hour when the piabote eirce i o  1/8 inch, the 
thickness of the thallium-activated eodiuxn iodide crystal used a6 the intearify- 
ing screen is 5/16 inch, and Kodak type 103a-0 epectrographic plates are  used 
ae t&e light-sensitive material. 

The use of this technique al lows the sensitivity of the camera arreernbty 

Although this rensitivity ir quite low, it hiu been p008ibh t o  obtain an 

take this picture only because the pa- 

The radioactive iodine is shown to be taken up in two 

intdvo gamma-ray rutoradiograph of a metastadc thyroid tumor contahing 20 
millicuries of I131. It WYOB porsibls 
dent required a therapeutic dorc of If”31. The gamma-ray autoradiograph and 
a corrsrponding X-ray radiograph are ehown in Fig. 2. The tumor was located 
at the patient’s elbow. 
main areae in the tumor. 

THE PINHOLE CAMERA AND IMAGE AMPLIFIER 

Tho rensidvity of the gaxnmo-ray pinhole camera can be increased by use 
of an image-amplifier tube rimilar to thoee uocd for the intensification of flu- 
ororcopic X-ray images. A drawing of the inrtrument ae described by Morther, 
Anger, and Tobias3) i 0  shorn in Fig. 2. The subject Lo at the left of the cunera. 
Gamma rays  from the subject p e r  through the pinbole aad form an image of 
the gamma-ray-emitting arear of the subject on the moedc of fluorerc8nt cryr- 
tale.  Each cryrtal is rurrounded with a reflector which direct8 the light pro- 
duced in the crystal to the photocathode of the image-amplifier t\+bc. t ight  
falling on the photocathode causes alectrona to be emitted. The electrons are 
accelerated by a 25-kv potential and art focused by an electron leno asr a smdl  
sinc rulphids-sinc releafde acreen at the other end of the tube. The h a g @  
formed here can ba viewed through a magnifying lens system or i t  can be pho- 
togr aphed. 

The tube increaser tha Ught intensity by a factor of 600. The gain io  due 
both to the acceleration of the phqtoelectrons by the 25-kv potential and to the 
reduction of the image size by the electron lens. The r i t e  of the image on the 
fluorescent screen is 1/9 the size of the photocathode, thus gaining by a factor 
of 81 in brightnese becauae of the reducticm in eizc of the electron image. 
With t h i s  apparatus i t  is possible, after dark-adapting the eye@, to view on the 
acreen sources of radioactivity 01 small a e  about 200 microcurieo per square 
centimeter 
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The useful gain of the image-amplifier tube--and therefore the rtnsitivity 
of the syrtem-~-is limited by the background glow of the viewing k e e n  when no 
light falls on the photocathode. This glow is caueed by thermal and field smirr- 
don of tlectronr from the photocathode eurface, and a l e 0  by electrons knocked 
out by cesium ions migrating to the photocathode. 
latter came 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 and with the 
image photographically integrated, the esnsi t ivi ty  irr about 10 microcurieo per 
square centimeter with a 30-minute expoaure time. Tbia oenritivity ire great 
enough for oome in vivo tracer experiments. Greater sensitivity would increase 
the usefulners of the inetrumcnt considerably. 

The background due to the 

c .  

A photograph of an image obtained on e a  acreen of the image-amplifier 
tube from a radioactive oource i 6  s in Fig. 3. The nource was aV-shaped 
groove in a lucite block filled with I!3nsolution. The activity of the source was 
4 mc/cm2. The diameter of the pinhole aperture waa 3 millimeters and the 
exposure time to obtain this picture wata 8 minuter with Super XX film at € / b o  

Tho oenritivity would be considerably greeter ff the photographk f i lm  
could be placed in contact with the fluorescent acreeu. In tho tube wed for 
these teste the screen waa located at ,an appreciable distance inside the enve- 
lope, thus making it nsceesuy to photograph it With 8 camura. Thir caussd a 
consfderoble loor in light and senritfvity. The ultimate in’ rtnsfthdty would be 
reached i f  each scintillation produced in one of the fluorescent crystal6 ,by a 
gamma ray were amplified so as to be visible to the eye and so that it would 
appear ar a dot if a photograph were taken. ThLi sensitivity might be rchicvsd 
if a two- or threa-rrtagc image axnplifier were ured. Further work along them 
linco is indicated. 
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THE MULTIPLE-SCINTILLATION COUNTER SCANNER 

Another method of determining the distribution of radioactivity in a bub- 
j t c t  is to  scan over the subject with one or more directional gunma-ray counterr 
urd indicate by some morae the relative counting rate over the area scanned. 
Scanner employing a (I gle scintillation counter have brea deecribed by 

L 

Casren 41 andMayneord. ftf , 

a modification of a 10-counter ~cumcr described prcviourly 8 1, 

U more than one rcintillation counter i r  ured, the area that cur be covered 
in a given time i r  proportionately incre8eed. A scaamer employing 10 rcintilla- 
tion counterr i o  shown in Fig. 4. This Lrrrtrument can pxoduce a picture of the 
distribution of radioactivity in the whole body of a human rubject in about 45 
mhutee and can detect less than 1/4 microcurie per e q u u a  eatimstsi. ft is 

*a 

The inetrument consirte erstnthdly of 10 rcintillation counterr in a lead 
shield, 10 glow lamps connected to the counter8 through amplifiers so that a 
count from each of the counterr produces a flash of light in the corresponding 
glow lamp, a mirror system, and a Polaroid Land camera that recorda the 
flashes from the glow lamps aa opote on a photographic film. 

Each scintillation counter consiets of an end-window photomultiplier tube 
1.5 inches in diameter which its coupled optically to a thallium-activated oodium 
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iodide crymtal 0 . 5  inch in diameter by 1 inch long. The counterr are positioned 
along two rtraight parallel lines a i  rhown in Fig. 4. Below each counter is an 
aperture in the lead shield which points straight down. Various r ises of aper- 
t u r e ~  are wed, depending on the reasitfvity and definition required. To scan 
an area for gamma-emitting irotoper, the countare are moved slowly by r n e ~ ~ r  
of a motor in a direction perpendicular to the two liner along which the counters 
are located. An area 8 inches wide and any desired length (usually34 incha8) 
i r  covered by each ~ C I P .  

move over him from left to right for a distance fi 24 hcher urd then return to 
the rtarting point. To scaa the whph rubject, about 10 Or 11 i C B n 6  are U n .  
The firrt mcan covere the subjact'r h8ad; then the table on which the patient Uas 
is moved so that the recond scan ceverm hir neck c&e third scan covers his 
upper chest; end 80 on. Four minutas are iaquired for each scan amd 45 min- 
uter u e  required to dean in thh = m e r  from head to toe. The rsrddsg rep- 
orate pictures are  joined together to form 8 comporfte head-to-toe picture. 

When a perron is to be acanzaed, the rubject lie6 on a table and the counters 

The dirtribution of rctfdty i s  recorded by me880 ofltho 10 glow lirmp~, 
the mirror system, and the camera. The glow larnpo urd IO-chopnel rmplffier 
are connected so that each garnraa ray detected by any of the r c b ~ l l a t i o a  counterr 
producer a fl8rh of li&t in the corrcrpoading glow lamp. For hrtance, gamma 
rays detected by the first counter produce fhrhe6 in the f t r r t  glow lamp, and 80 
on, The glow lamps urd mirror  ryrtem arc contained in a dark box, m d  u e  10 
arranged that while the counterr are moving over the rubject, the rotathg mirror 
in front of the camera lenr cauew the glow la~nps to appeipr to  move in synchro- 
nism before the camera. During each scanning period a time expomre of the 
glow lamps is taken with the Polaroid Lend camera. This coIzIcro develops and 
deliver 6 a finished print one minute after each itan ir takan. 

Each flarh of 8 glow Lamp rppsars aa 8 dot on the photograph. Whera the 
activity ir greatest in the rubject, the greatest number of dots appaue on the 
corresponding part of the photograph. Therefore, a map of the distribution of 
activity ir obtained with coacsntr8tionrr of dots indicating where t&e activity is 
grcatert. The natural background due to coclmic ray8 and stray radioactivity 
appears as a few dotc randomly distributed over the print. 

A rfngle rcan result. ia 8 picture with 10 row11 of dots bidag what might 
be called 1O-line definition. & pra~tice, increarsd definition ir'obtdned by 
interlacing a c ~ p s  in the following wry,  The counterr drat move from left to 
right ovar the rubject. Then the rhield i r  moved, in a direction perpendicular 
to the original direction of motion, jurt ans-hlf the distaaca between the rpsr- 
turee. Than the counterr @can from right to left over the 1-6 area of the rub- 
fact. At the 88me time the imager from the glow h n p r  are interlaced apaC&y 
by an adjustment in the mirror system. The result Ir a scan with 20-line def- 
inition. "hie i r  the type of @can orually taken on all large rubjecto. 

TeBt h a g e e  obtained with the ecanncr a r e  shown in Fig. 5. The I I C ~ D I  
were taken of a radio 
a lucits block with 1lfi rolution, The test pattern contained a total of 10 micro- 
curies of 1131 or about 0,25 microcurie per #quare csntirnster. I t  wuta lmated 
one inch from the scanner shield, and apertures 3/8 inch in diameter were wed. 
The thfckncre of the 8hield wab 1 inch. A lO-linc image made by a single 8 C M  
is rhown at (Ab a 20-line interlaced image at (B). and a 40-line interlaced image 

tive tert pattern made by filling 8n X-rhaped groove in 



a t  (C). The increase in definition obtained by interlacing i 8  clearly demonstrat- 
ed. 

The same radioactive test pattern was scanned when it war loC8ted 0.25 
inch away from the shield in (D) and 3 incheb away in (E). 
the decreaee in definition obtained as the distance to the radioactive bource is 
inc r eas e d. 

There pictures show 

The result of increasing the scanning tirne.without changing the interlacing 
is showh by comparing (E), which is a regular 4-minute, tO-lfna interlaced 
scan, with (F), which was made by recordfng two &minute s c m 8  over the eBme 
area on the ~ a m e  print. The repeated (IC- gives 8 more definite image becauae 
of the larger numbek of counts recorded. 

The scanner i o  rufffcfently senettive that ft can detect opb d c r o c u r i e  of 
1131 if the activity i e  concentrated in an area 1 inch or l e r r  in diameter. This 
eensitivity is for a ZO-Uac interlaced scan with apertures 318 inch in diameter 
and with material equivalent to 2 inches of t issue between the rcanner and the 
radioactive aource. Slightly weaker aotucats can be detected with no lor8 in 
definition by taking repeated acans of the same area, each r e 4  being recorded 
on the rame print. 

Some sxaxnplee of in vivo gsmma-ray pictures are rhown in Fig. 6. The 
four pictures rhow the livor and spleen of human rubjscto who &we received an 
intravenous injection of 50 to  LOO microcuriae of colloidal gold-198. Nearly 
all of this material ir *en up by the liver and spleen. In each case. the liver 
is at the left of the picture and the spleen, sometimer cohaiderably enlarged 
over the normal sisc, is shown more faintly on the right. The radioactivity 
present in these organs was as little as 0.1 microcurie per rquare centimeter 
of area as seen by the scanner. Each picture covers an area 16 by 24 incheo 
and the total scanning time for each wae 16 d n u t s r .  From there pictures 
eize and ohape of the organs can be estimated. Stirre% Yuhl, andCar8e~ 
have used similar survcye of the liver to detect tumorr large enough to displace 
an appreciable amount of liver tisruc. 
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An example of head-to-too rcnnning of a thyroid carcinoma patient fs 
shown in Fig. 7. The patieat'r thytoid had been removed 2 years previourly 
and he had a large metarta erlon near hie left elbow for whichhe had been 

ner pictures were taken. The patient was given m oral dore of 5 miUcurier 
of 1131 and a series of three head-to-toe scanner picture8 wp1~ taken. The first 
was taken 1 hour after the doce wae administered, and it rhowe that the 
was distributed throughout his body. The second war taken 48 hours later and 
ohows Borne points of concentraHon of iodine, but they a re  inconclusive except 
for the elbow because of the high body background. An outline of the patieat'r 
body is o t i l l  visible because of the d 0 W  dirappcarance of iodine in this patient 
from the blood and intercellular space. The third picture waa taken at 96 hours 
and ohowe 6 points where iodine wa8 taken up in significant afflounts. They are  
at the sternum, the right pelvic region, the lower right cheet, the left arm near 
the shoulder, the jaw region near the front teeth, and the left elbow. The loco- 
tiona a re  indicated on the outline drawing at the right. 

given therapeutic dose8 of I w . No other lesionr were evidont before the rcaa- 

X-ray radiographs were taken of the points where iodine was taken up 
On the sternum near the third r ib  a after they were found with the scanner. 
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calcified area waB found, and in the right pelvic region a small spur of bone 
was found on the ilium. Neither of these artifacts as seen on an X-ray  radio- 
graph was abnormal enough to be considered as the site of a metastatic lesion 
on the basis of the X-ray  evidence alone. However, on the basis of the findingr 
with the rcanner, all six points, with the possible exception of the jaw region, 
can be identified With relative certainty as the site of a metastatic thyroid lerioa. 

k 

The use of gamma-ray scanning in combination with X - r a y  radiographs 
provides maximum information in locating thyroid Ieiions, since the X-ray 
radiograph, i f  the lesion is visible on it, rhows With greater accuracy where 
the lesion i r  located, and alro indicates the depth. Hgwevkr, thyroid lesions 
that a re  not visible by means of X-ray  radiographs can be detected and located 
by meam of gamma-ray scanning. 

CONCLUSION 

The pinhole camera wi th  an improved image amplifier and the acintillation- 
counter scanner both ehow promise of increaring usefulnese in tracer research 
and in dirgnoeie involving gamma-ray-emitting radioisotopes. The scanner is 
useful at the present time for locating thyroid leoione and for outlining the liver 
and epleen. Other u ~ e s  will be found as new tracer compounds and technique* 
are developed. 
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