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VISUALIZATION OF GAMMA-RAY-EMlTTIN;O ISOTOPES 
IN THE HUMAN BODY 

By 

H. 0. Anger, R. K. Mortimer, and C. A. Tobi•s 

Donner Laboratory of Biophysics and Medical Physics 
and Radiation Laboratory _ 

University of California; Berkeley, California 

. .a 
· When a compound labeled with a radioact{ve isotope i• administered to a 

human or animal, the material ie distributed to various organs arid sites in the 
subject according to the material administered and the metabolic sta'e of the 
subject. It would be useful to be able to· visualize on a map or photograph the 
distribution of the active isotope. this can be done .for gamma-ray .. emitting 
isotopes by meane of ~e instruments described here. 

THE GAMMA-RAY PINHOLE CAMERA 

' The gamma-ray pinhole camera is ari instrument that provides a picture 
of the distribution of radioactivity. As described by Copeland and Benjamin,l) 
it consists essentially of a lead shield, with a small aperture through which 
gamma rays can pass, and a gamma~ray-sensitive material such as· a radio­
graphic film located a few inches behind the aperture. Some of the gamma rays 
from the subject pass through the aperture and form an image of the gamma• 
ray-emitting areas of the subject behind the pinhole. The image can lte made 
visible by exposing and developing the radiographic: film. · 

The very low sensitivity of this instrument can be improved by. replacing 
~e radiographic film with a suitable phosphor and a light-sensitive photograph .. 
1c plate as described by Anger. 2) The phosphor converts the gamma rays to 
light and the resulting light exposes the photographic plate. A suitable m,a.terial 
for this purpose is thallium-activated .sodium iodide. When gamma rays'im .. 
pinge on this phosphor, recoil electrons are produced, which in turn produce 
sci~.tillations of light. The high density o£ sodium iodide and the large thick .. 
ness that c~n be used result in more efficient black~ning of the photographic 
plate. · -

A working model of a gamma-ray pinhole camera using this principle is 
shown in Fig. 1. SomJ 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 crystal to emit light, some of wh~ch reaches 
and exposes a photographic plate placed just above the crystal. The ·spreading 
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of the light before it reaches the photographic plate and the consequent loss of 
definition are limited by the inverse-square law and by total reflection at the 
boundary between the crystal, encJ.osure. and the photographic plate. 

Because thick transparent intensifying screens are used, it is not possi· 
ble to obtain good definition, but this can be tolerated in a gamma .. 'ray pinhole 
camera because the definiti·on of the camera is inherently low. Even if the 
pinhole is made very small some gapuna rays travel through the lead adjacent 
to the pinhole, and the effective size of the aperture is still fairly large. 

The use of this techriique allowe the sensitivity of the camera assembly 
to be about Z.O times as great as it would be if Kodak No-Screen X-ray film 
were used with the usual lead foil intensifying screens. Thus it is pos$ible to 
obtain a faint image of a soarce containing l millicurie of Illl per square cen­
timeter with an exposare time o£ 1 hour when the pinhole size is 1/8 inch. the 
thickness of the thallium-activated sodium iodide Cl'ystal \lSed a.s the intensify ... 
ing screen is 5/16 inch, and Kodak type 103a-O spectrographic; plates are used 
as the light-sensitive material. 

Although this sensitivity is quite low, it has been possible to obtain an 
in-rvlvo gamma-ray autoradiograph of a metastatic thyroid tumor containing 2.0 
milUcuries of t131. It was possible to take this picture only because the pa- · 
tient required a. therapeatic dose of tlll. The gamma-ray autoradiogra.ph and 
a corresponding X-ray radiograph are shown in Fig. z. The tumor was located 
at the patient's elbow. The radioactive iociine is shown to be taken up in two 
main areas in the tumor. 

THE PINHOLE CAMERA AND IMAGE AMPLIFIER 

The sensitivity of the gainma-ray pinhole camera can be increased by \lee 
of an image-amplifier tube similar to those used for the intensification of flu­
oroscopic X-ray images. A drawing of the instrument as described by Mortimer, 
Anger. and Tobias3) is shown in Fig. 2.. The subject is at the left of the camera. 
Gamma rays from the subject pass through the pinhole and form an image of 
the gamma-ray-emitting areas of the subject on the mosaic of fluorescent crys­
tals. Each crystal is csurrounded with a reflector which directs the light pro­
duced in the crystal to the p_hotocathode of the image-amplifier tube. Light 
falling on the photocathode causes electrons to be emitted. T.he electrons are 
accelerated by a 25-kv potential and are focased by an electron lens on a small 
zinc sulphide-zinc selenide screen at the other end. of the tube. The image 
formed here can be viewed through a magnifying lens system or it can be pho­
tographed. 

The tube incl'eases the light intensity by a factor of 600. The gain is due 
both to the acceleration of the phC?toelectrons by the ZS·kv potential and to the 
reduction of the image size by the electron lens. The size of the image on the 
fluorescent screen is 1/9 the size of the photocathode, thus gaining by a factor 
of 81 in brightness because of the reduction in size of the electron image. 
With this apparatus it is possible, after dark-adapting the eyes, to view on the 
screen sources of radioactivity as small as about ZOO microcurie& pe.r square 
centimeter. 
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The useful gain of the image-amplifier tube- -and therefore the sensitivity 
of the syetem.:-is limited by the background glow of the viewing screen when no 
light falls on the photocathode. This glow is caused by thermal and field emis­
sion of electrons from the photocathode surface, and al:so by electrons knocked 
out by cesium ions migrating to the photocathode. The backgroW\d due to the . 
latter cause can be reduced by a factor of 5 by cooling the tube to oo C • 

However, even with the image .. amplifier tube cooled to 0°C and with the 
, .image photographically integrated, the sensitivity is about 10 microcuries per 

square centimeter with a 30-minllte exposure time. This sensitivity h great 
enough for some in vi¥o tracer e"periments. Greater sensitivity wot.U.d increase 
the usefulness of the instrument considerably. 

A photograph o£ an image obtained on the screen of the im~ge-amplUier 
tube from a radioactive source is s~~"f: in Fig. 3. The sou.rce was a V -shaped 
groove in a lucite block filled with l • solution. The a«;tivity o£ the source was 
4 mc/cmZ. The diameter of the pinhol·e aperture was 3 millimeters and the 
exposure time to obtain this picture was 8 minutes with Super XX film at f/6. 

The sensitivity would be considerably greater if the photographic film 
cowd be placed in contact with the fluorescent screen. In the tube w;ed for 
these tests the screen was located at an appreciable distance inside the enve• 
lope, thus making it necessary to photograph it with a camera. This caus(;ltd a 
considerable loss in Ugb.t and sensitivity. The ultimate in' sensitivity wou.14 be 
reached· if each scintillation produced in one of the fluore$eent crystals ·by a 
gamma ray were amplified so as to be visible to the eye and so that it would 
appear as a dot if a photograph were taken. Thh sensitivity might be achieved ' 
if a two .. or three-stage image amplifier were used. Further work along these 
lines is indicated. 

THE MULTIPLE-SCINTILLATION COUNTER SCANNER 

Another method of determining the distribution of radioactivity in a ·sub ... 
ject is to scan over the subject with one or more directional gamma-ray counters 
and indicate by some means the relative counting rate over the area scanned. 
Scanner~ employing a single scintillation counter have been described by 
Caseen41 and Mayneord?J. · · · · 

If more than one sCintillation counter is used, the area that can be covered 
in a given time is proportionately increased. A scanner employing l 0 scintilla .. 
tion counters is shown in Fig. 4. This instrument c:a.n produce a picture of the 
distribution of radioactivity in the whole body o£ a human subject in about 45 
minutes and can detect less than 1/4 microc\lrie per square ~entimeter. It is 
a modification of a 10-counter scanner described previously.6},. 

. 'i.l 

The instrument consists essentially of 10 scintillation counters in a lead 
shield, 10 glow lamps connected to the counters through amplifiers so that a 
count from each of the counters produces a. nash of light in the corresponding 
glow lamp, a mirror system, and a Polaroid Land camera that records the 
flashes from. the glow lamps as spots on a photographic film. 

Each scintillation counter conaists of an end-window photomultiplier tube 
1. 5 inches in diameter which is coupled optically to a thallium-activated sodium 
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iodide crystal 0. 5 inch in diameter by 1 inch long. The CoWlters are positioned 
along two straight parallel Unee a.s shown in Fig. 4. Below each counter is an 
aperture in the lead shielct which points straight down. Various sizes of aper­
tures are used, depending on the sensitivity and t<efinition required. To scan -
an area for gamma-emitting is.otopes, the counter$ are moved slowly by means 
of a motor in a direction perpendicular to the two lines along which the counters 
are located. An area 8 inches wide and any desired length (usually Z.4 inches) 
is covered by each scan. 

When a person is to be scanned, the subject lies on a table and the counters 
move over him £rom left to right for a distance 9f z.• inches and then return to 
the starting point. To ecaft. the whple subject, about 10 or 11 scans are taken. 
The first scan covers the subject's head; then the table on which the patient lies 
is moved so that the second sean covers hit neck; .:the third scan covers his 
upper chest; and so on. Four minutes are required for each scan and 4S min-

. utes are required to sean in this manner .from head to toe. The resulting sep­
arate pictures are joined together to fo~m a composite head-to-toe pict'-lre. 

. '" 

The distribution of activity is recorded by means of,the 10 glow lamps, 
the mirror system, and the ·eamera. The glow lamps and 10-cha.nnel amplifier 
are connected so that each gamma ray d.etect~d by any of the scintillation counters 
produces a flash oi light in the corresponding glow lamp. For instance, gamma 
rays detected by the first counter produce flashes in the first glow lamp. and so 
on. The glow lamps and mirror sy.stem are contained in a dark box, and are so 
arranged that while the co.mters are moving over tl:&e subject, the rotating mirror 
in front of the camera lene causes the glow lamps to appear to move in synchro .. 
nism before the camera. l)uring each scanning period a time exposure of the 
glow lamps is takel'!l with the Polaroid Land camera. · Thb camera develops and 
delivers a finished print one minute after each scan h taken. 

Each flash of a glow la.Jnt) appears as a dot on the photograph. Wher.e the· 
activity is greatest in the subject, .the greatest number of< dots appears oa the 
corresponding part of the· pbptograph. Therefore, a map of the distribution of 
activity is obtained with co~t.cen:trations of dots incli.cating where the activity is 
greatest. The natural background due to cosmic rays and stray radioactivity 
appears as a. few dots. randomly dist~ibu.ted over the print. 

A single sean result& in a picture with 10 rows of dots having what might . 
be called lO•line definition. ln practice, increased. definition is obtained by 
interlacing scans in the following way. The counters first move £rom left to 
right over the subject. Then the shield is. moved, in a direction perpendicular 
to the original direction of motion, just one•haU the distance between the aper .. 
tures. Then the counters sean trom right to left over the same area of the sub­
ject. At th,e same time the imasee from the glow lamps are interlaced optically 
by an adjustment in the mirror system. The res'-llt is a scan with zo ... une def· 
button. This is the type of scan usut\lly taken on alllarg_e subjects. 

Test images obtained with the scanner ate shown in Fig. S. The ac:ans 
were taken ol a radiot;ctive test pattern made by filling an X- shaped gro9ve in 
a lucite bloc;_k with tl 1 solution. The test pattern contained a total of 10 micro• 
curies of zl31 or about 0. ZS microcurie per square centimeter. It was located 
one inch from the scanner shield, and apertures 3/8 inch in diameter were used. 
The thickness of the shield was 1 inch. A lO·U.ne ima.ge made by a single scan 
is shown at (A~ a ZO-line biterlaced image at {B), and a. 40-line interlaced image 
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at (C). The increase in c.:lefinition obtainec.:l by interlacing is clearly demonstrat­
ed. 

The same radioactive test pattern was scanned when it was located 0. 25 
inc:h away from the shield in (D) and 3 inches away in (E). These pictures show 
the decrease in definition obtained as the distance to the ·radioactive sollrce is 
increased. 

·· ~e result of increasing the scanning time. without ~hanging the interlacing 
is shown by comparing (E). which is a regular 4-minllte, 20-line interlaced 
sc;an, with (F), which was made by recording two 4-mint.tte scans over the same " 
area on the same print. The repeated scan gives a more definite image because 
of the larger numbe~ of counts recorded. 

131 
The sc~er is sufficiently s~nsitive that it can detect one ~icrocurie of 

1 if the activity is concentrated 1.n an area 1 iru:h or less in diameter.. This 
sensitivity is for a· 20-line .interlaced scan with apertures l/8 inch in diameter 
and with .material equival~nt to Z inches of tissue between the scanner and the 
radioactive source. Sligh~y weaker sources can pe d~tected with no loss in 
definition by taking repeated scans of the same area, e~h scat\ being recorded 
on the same print. · 

' 
Some examples of in vivo ga.mma~ra.y pictures are shown in Fig. 6. The 

four pictures show the liver and spleen of human su.bjeets who have received an 
intravenous injection of 50 to 100 microcuries of colloidal go1d .. l98. Nearly 
all of this material is taken up by the liver and spleen. ln each case, the liver 
is at the left of the picture and the spleen, sometimes considerably enlarged 
over the normal size, is -shown more faintly on the right. The radioactivity 
present in these organs was as little as 0. 1 microcurie per square centimeter 
of area as seen by the scanner. Each picture covers an area 16 by Z4 inches 
and the total scanning time for each was 16 minutes. From these pictures tlle 
size and shape of the organs can be estimated. Stirre'ft, Yuhl, and Cas sen?} 
have used similar sur'Veys of the liver to detect tumors large enough to displace 
an appreciable amount of. liver tissue. 

An example o! head·to-toe scanning- of a thyroid carcinoma pa:tient is 
shown in Fig. 7. The patient1.s thyroid had been removed 2 years previo~o~sly 
and he had a large metasta!\)lesion near his left elbow for which he had been 
given therapeutic doses of 1 . • No other lesions were evident before the scan­
ner P.ic:tures were taken~ The patient was given an orc\1 dQse of 5 mUlicuries 
of till and a series of three head-to-toe scanner pictures was taken. The first 
was taken 1- hour after the dose was administered, and it shows that the tl31 
was distributed throughout his body. The second was taken 48 hours later and 
shows some points of concentration of iodine, but they are inconclusive except 
for the elbow because o£ the high body background. An outline of the patient's 
body is still visible because of the slow disappearance o£ iodine in tbis~patient 
from the blood and h.1tercellular space. The third pictllre wae taken at 96 hoLU's 
and shows 6 points where iodine was taken up in significant amoWlts. They are 
at the sternum, the right pelvic region, the lower right chest, the left arm near 
the shoulqer, the jaw region near the front teeth, and the left elbow. _The loca­
tions are indicated on the outline drawing at the right. 

· X-ray radiographs were taken of the points 'f!'h~re iodine was taken up 
after they were found with the scanner. On the sternum near the third rib a 
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calcified area was found, and in the right pelvic regiiOn 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 findings 
with the scanner, all six points, ·with the possible exception of the jaw region, 
can be identified with relative certainty as the site of a metastatic thyroid lesion • 

The use of gamrna .. ray scanning in combinatiou with X-ray radiographs 
provides maximum information in loca~ng thyroid lesions, since the X-ray 
radiograph, if the lesion is visible on it, shows with greater accuracy where 
the lesion is located, and also indicateli the depth. HQWeVer, thyroid lesions 
that are not visible by means of X-ray radiographs can be detected and located 
by means of gamma-ray scanning. 

CONCLUSION 

The pinhole camera with an improved image amplifier and the scintillation­
counter scanner both show promise of increasing usefulness in tracer research 
and in diagnosis involving gamma-ray .. emitting radioisotopes. The scanner is 
useful at.the present time for locating thyroid lesions and for outlining the liver 
and spleen. Other uses will be found as new tracer compounds and techniques 
are developed. 
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