
A GLANCE AT THE HISTORY OF NUCLEAR MEDICINE 

S C E N  C A R L S O N  

The development of nuclear medicine has resulted in several effective routine methods in diagnosis 
and therapy. There is an ongoing discussion about the future of the activity based on the fast 
development of ultrasound, CT and MR. In such discussions, it is often forgotten that nuclear medicine 
is also a dynamic diagnostic tool under continous progress. As seen from this historical review, nuclear 
medicine has grown from quite simple in vitro tests to very advanced methods to image organ function. 
This is the result of the development of radiopharmaceuticals and instrumentation. Today, development 
is moving towards what is called receptor scintigraphy, i.e., the use of radiopharmaceuticals which are 
very specific to certain diseases, for instance, tumours. Even at present there is no other method for 
early detection of bone metastases than bone scintigraphy. Also, there is no other method to determine 
the regional myocardial blood flow both at  stress and a t  rest, than myocardial scintigraphy. Nuclear 
medicine will remain an important diagnostic tool as long as it employs people with engagement and 
interest. Such people will also guarantee that the hospital management will supply the activity with 
funds for the necessary investments. 

Nuclear medicine is the use of radioactivc tracers gener- 
ally called radiopharmaceuticals in the study of global and 
regional function, bloodflow, metabolism and morphology 
of an organ. By tradition, therapy using unsealed sources 
is also considered a part of nuclear medicine. Sometimes 
nuclear medicine is described as a triangle with the patient 
in  the center and thc biomedical problem. the radio- 
pharmaceutical and the instruments occupying the three 
corners. 

1 once heard Henry Wagner the Nestor of  nuclcar 
medicine in USA, saying that positron emission tomogra- 
phy (PET) is a revolutionary method for our understand- 
ing of the physiology of the brain. This is certainly true. 
His statement can, however, be extended to all uses of 
radioactive tracers in medicine and biology, meaning that 
much of our current knowledge of physiological and 
metabolic processes in the body is due to the radioactive 

tracer method. I t  has been, and still is, a very important 
tool in research and clinical practice. Nuclear medicine is 
onc main branch of the tree of methods using radioactive 
tracers. During the last decades it has grown from an 
cxclusive method to a widespread and important diagnos- 
tic modality. The annual frequency of nuclear medicine 
examinations in developed countrics is about I6 examina- 
tions/l 000 population ( I ) .  

Nuclear medicine is an advanced diagnostic tool which 
m u s t  be handled by a well-educated and trained s taK 
representing ditrerent areas of competence: physicians, 
physicists, pharmacists, engineers and technicians. Its or- 
ganization ditrers from country to country. 111 large coun- 
tries nuclear medicine is generally a medical speciality 
while. for example in Sweden, the activity is organized. 
under radiology, clinical physiology, clinical chemistry, 
oncology or hospital physics. 
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The discovery of x-rays on November 8 1x95, was 
reported to the French Academy of Science in January 
1896. One of its members was the physicist Henri Bec- 
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querel at Musee d'Histoire Naturelle in Paris. He had the 
impression that the new rays were generated from the 
point of the discharge tube which emitted fluorescent light 
when it was hit by cathode rays. This gave him the idea 
that other fluorescent materials might also emit the same 
type of radiation and he subsequently began a series of 
experiments in order to investigate this. He used a salt of 
uranium and potassium and was able to show that, after 
being exposed to sunlight, this substance emitted radiation 
which could penetrate black paper and blacken a photo- 
graphic plate. He reported his findings to the Academy on 
February 24, 1896 (2).  He then intended to repeat his 
experiments but the sky over Paris was too cloudy for 
producing an etfective excitement of fluoresccnse. On 
March I ,  he nevertheless developed his photographic 
plates expecting only a minor blackening, but the blacken- 
ing was as deep as in his previous experiments. In his 
report to the Academy on March 2, 1896 he wrote; 'I shall 
particularly insist on the following fact, which appears to 
me very important and quite outside the range of the 
phenomena one might expect to observe. The same crys- 
talline lamellas, placed opposite photographic plates, un- 
der the same conditions, separated by the same screen, but 
shielded from excitation by incident radiation and kept in 
darkness, still produce the same photographic impression' 
(3) .  

Bequerel's discovery inspired several scientists to further 
research on this new phenoniena. Marie and Pierre Curie 
named it radioactivity and tried to chemically isolate the 
substance which emitted the radiation. They then discov- 
ered two new elements, radium and polonium. Ernest 
Rutherford at Cavendish Laboratory in Cambridge started 
his work to dissect the atom. He identified alpha- and 
betaparticles. Together with F. Soddy he examined the 
temporal properties of the radioactive decay and the trans- 
formation of one element to another or a physically diver- 
gent form of the same element; isotopes as Soddy later 
named them. Rutherford (he supervised 1 1  future Nobel 
Prize winners) and co-workers were able to show that the 
mass of a n  atom is concentrated in a small nucleus 
with the electrons occupying orbits around it. This formed 
the basis of the atom theory proposed by Niels Bohr in 
1913. 

This was a very dynamic period in physics. Two main 
theories were formed: the theory of relativity proposed by 
A.  Einstein and the quantum theory with M. Planck as the 
first in the line of several scientists in this field. The 
understanding of the structure of the atom and the nucleus 
subsequently increased. The neutron was discovered by J .  
Chadwick in 1932 and in 1934 F. Joliot and I. Curie were 
able to prove the production of an artificial radionuclide, 
'('P% as a result of bombarding aluminium with neutrons 
from a radium-beryllium source. 'These experiments give 
the first chemical proof of artificial transmutation ---', they 
proudly wrote (4 ,  5 )  

George de Hevesy 

The possibility to produce artificial radionuclides was 
something the chemist George de Hevesy had long waited 
for. In 1911. when working under Rutherford at the 
Cavendish Laboratory, he developed the idea that a ra- 
dioactive substance, chemically unseparable from a stable 
substance, could be used as an indicator of the latter. 
Together with F. Paneth he used this method to study the 
solubility of lead salts (6). This was the first application of 
radioactive tracers. de Hevesy also realized that this 
method could be used to study biological processes but the 
natural radionuclides available at this time were all so 
poisonous that such experiments were rendered impossible. 
He did, however, conduct one experiment where hc ob- 
served how an isotope of lead was taken up and dis- 
tributed in a plant (Vicia faba) (7). 

In 1935, de Hevesy came to Niels Bohr's Institute in 
Copenhagen. His main interest was to find a radionuclide 
which could be used in biological research. He selected 32P 
and started a series of experiments where different phopho- 
rus compounds were given to animals in order to study the 
distribution and metabolism of the substances. Together 
with the Danish physician 0. Chievitz, he published the 
first results in the journal 'Nature', in September 1935 (8). 
This publication revealed new information about the 
metabolism of the skeleton. 'The results strongly support 
the view that the formation of bone is a dynamic process, 
the bones continuously taking up phosphorus atoms which 
are partly or wholly lost again and are replaced by other 
phosphorus atoms.', they wrote. 

De Hevesy was awarded the Nobel Prize in chemistry in 
1943 and moved that same year to Sweden where he 
continued his work at Stockholm University. There, he 
focused primarily on studying the turnover of nucleic acids 
using 32P as a tracer. until his death in 1966 at the age of 
81. With all deference to the other people involved. de 
Hevesy must be regarded as the father of the radioactive 
tracer method and hence the father of nuclear medicine. 
This fact has been recognized by the European Association 
of Nuclear Medicine which instituted a medal in his 
memory. 

Radiopharmaceuticals 

The practical problems of de Hevesy were to obtain 
enough activity of ."P. This radionuclide is produced by 
neutron bombardment of sulphur and the only source of 
neutrons at that time was radium-beryllium where the 
alpha-particles from radium released neutrons from beryl- 
lium. The fluence of neutrons achieved in this way is very 
limited. However, in 1930 E. Lawrence at the University of 
California in Berkeley, developed the first cyclotron and at 
thc end of 1933 he had built a machine capable of yielding 
a beam of 3 MeV deutrons and with an intensity equiva- 
lent to enormous quantities of radium in  a Ra-Be source. 
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Neutrons were produced by bombardment of light ele- 
ments with dcutrons. It now becamc possible to produce 
radionuclides of nearly all elements in quantities sufficient 
to allow start of medical and biological research. 

Although cyclotrons were soon spread to many coun- 
tries of the world, their wide-scale use to produce radionu- 
clides for routine medical purposes werc still limited. On 
December 2, 1942, E. Fermi and co-workers achieved the 
first self-sustained nuclear chain reaction and the construc- 
tion of the nuclear reactor began. With the reactor, ra- 
dioactive isotopes could be produced in  quantities which 
were millions of times greater than those which could be 
produced by cyclotrons at that time. Radionuclides for 
medical and biological research wcre now available for 
general use and the first commercial announcement was 
published in the June 14, 1946 issue of the journal Science. 
Of special importance for the start of nuclear medicine in 
the Nordic countries was the production of radionuclides 
at Harwell in the UK, which began at the end of 1947. 
Five shipments to UK hospitals were made that year, this 
amount increasing to 2 800 in 1951, including shipments to 
hospitals in the Nordic countries (9). 

The most commonly used radionuclides for diagnosis 
and therapy at that time were "P% "Na and 1 7 ' I .  Phospho- 
rus and iodine are still important in radionuclide therapy 
where now several other radionuclides have been intro- 
duced such as "'Sr, '"Y, 12'1, "%m. IXhRe, 'yxAu (10). 

The radionuclide I 7 ' I  has played an important role in 
diagnostic nuclear medicine. Not only was it the radionu- 
clide of choice for different examinations of the thyroid 
but it was also used as a tracer to label different pharma- 
ceuticals. It was produced and identified for the first time 
in 1938 and almost immediately used on humans. The first 
report came from Berkeley where Hamilton and Soley 
measured the uptake of the radionuclide i n  excised speci- 
mens of human thyroid glands ( 1 I ). Already in 1938, 
Hertz et al. (12) had produced '"I which was administered 
to rabbits. They found that the thyroid gland contained 
about nine times the concentration of the radionuclide 
found in the liver. From this study they concluded that 
when strongly active materials are available, the concentra- 
tion power of the hyperplastic and neoplastic thyroid for 
radioactive iodine may be of clinical and therapeutic sig- 
nificance ( 12). 

Currently, the most widely used radionuclide in diagnos- 
tic nuclear medicine imaging is "Tc"'. In 1962, it was 
proposed as a useful agent by P.V. Harper and co-workers 
at the Argonne National Laboratory in the USA ( 13). This 
radionuclide is a daughter of "Mo which can be produced 
by fission or by neutron activation of stable Mo. The 
separation of yyT~"l  from "Mo was originally achieved by 
fairly complicated chemical methods and because of its 
short physical half-life, "Tc"' had to be delivered to hospi- 
tals every day. This required a highly efficient transporta- 
tion system without delays. Later, when the technetium 

generator was developed. users were able to obtain a daily 
supply of this radionuclide by a simple elution procedure. 
The generator, together with the uncomplicated methods 
for in-house production of radiopharmaceuticals. has 
made nuclear medicine more widely available, even for 
small hospitals. 

Instrumentation 

One of the main reasons for the great success of the 
radioactive tracer method is the ability to efficiently detect 
the radionuclide. Until 1949. the only counting device for 
external detection of a radioactive substance was the 
Geiger-Muller ( G M )  tube. Unfortunately, the tube was 
very insensitive to penetrating gamma-rays from such ra- 
dionuclides as I 7 ' l .  Nevertheless. attempts were made to 
use collimated GM tubes for the study of thyroid function 
and morphology. 

The scintillation etrect of ionizing radiation by certain 
crystals of high density and transparency has been well 
known since thc beginning of this century. Later the 
photomultiplier tube was developed and this instrument 
was able to effectively detect the scintillation light and 
transfer it to an electrical signal. The first scintillation 
counter for medical use was constructed by B. Cassen et al. 
at UCLA (14). It utilized a crystal of calcium tungstate 
and was especially designed for the localization of radioac- 
tive iodine in the thyroid. The instrument originally per- 
formed well and its effectiveness was further enhanced by 
the introduction of large sodium iodide crystals and end- 
windowed photomultiplier tubes. In the following years. a 
variety of external counting procedures, employing scintil- 
lation detectors. were developed ranging from pre-opera- 
tive localization of brain tumours to determination of 
cardiac output and kidney function. 

A collimated scintillation detector was also used to 
delineate thc morphology of the thyroid gland using point- 
by-point measurements from a grid with 400 point defini- 
tion ( 15). This procedure took hours and was very 
impractical. Attempts were then made to automate the 
positioning of the detector which led to the development of 
the rectilinear scanner by B. Cassen and L. Curtis ( 16). I n  
Sweden. at NUKAB in Goteborg, Erik Berne and Ulf 
Johnsson built a rectilinear scanner which was sold world- 
wide and Lars Jonsson and Inger Ragnhult in  Stockholm 
constructed the first whole body scanner ( 17). The rectilin- 
ear scanner quickly becamc the standard instrument uscd 
in nuclear medicine imaging and remained so for two 
decades. Its drawback, however. was that the time required 
to scan a big organ like the lungs or the skeleton. was 
considerable and that dynamic examinations were impossi- 
ble. Hence the need for a large stationary detector became 
obvious. In 1952. H.O. Anger at Donner Laboratory in the 
USA constructed a pin-hole camera for gamma-rays. With 
this instrument. an image of the radionuclide distribution 



was projected by the collimator on a sodium iodide crystal 
and the scintillation light was recorded on a photographic 
film in optical contact with the crystal (18). At the same 
time S. Johansson and B. Skansc in Malmo, Sweden, 
constructed a similar camera, using a multiple hole colli- 
mator which increased sensitivity (19). The sensitivity of 
this instrument, however. was still too low for practical 
use. The breakthrough for the stationary dctcctor came i n  
1957 when Anger constructed the prototype of the modcrn 
gamma camera (20). He replaced the film in his previous 
construction by an array of photomultiplier tubes. By 
weighting together the signals from the tubes, he was able 
to localize the origin of the scintillation proce 
the origin of the registered gamma ray. The position 
signals were fed into the deflection platcs of a cathode ray 
tube and the single absorption events were successively 
registered on a photographic film until an image of the 
radionuclide distribution in the organ had been achieved. 

It took a few years before the gamma camera became a 
widely uscd instrument. In Sweden, for example, the first 
camera was installed in 1967 at the University Hospital in 
Lund 10 years after its original construction. The design, 
however, has prevailed as modern cameras are still built 
according to Angers' original principle, although the per- 
formance of the camera has improvcd considerably and 
during the last decade, digital technology has been intro- 
duced into its construction. 

The computer has a long tradition in nuclcar medicine. 
I t  is used not only for advanccd imagc processing and the 
quantitative analysis of examinations, but also for the 
reconstruction of tomographic examinations. Tomography 
in nuclear medicine has its origins in the work by Kuhl & 
Edwards in USA (21). In Sweden, S. Larsson in Stock- 
holm, contributed to the devolopmcnt of the first clinically 
useful, tomographic system (22). Also, A. lsraelsson wrote 
the reconstruction algorithms for a PDP 11/34 and it was 
offered for sale by Nuclear Diagnostics Ltd. in Stockholm. 

Diagnostic methods 

The different methods used in diagnostic nuclear 
medicine have changed considerably over the years. At the 
beginning, they were mainly in vitro typc, examinations 
which included methods like iodine and iron turnover, the 
determination of blood volume and cardiac output, sur- 
vival evaluations of circulating erythrocytes and the deter- 
mination of sodium and potassium space. These methods 
gradually decreased and disappeared in favour of in vivo, 
examinations. Originally, these used simple, single detector 
systems and included methods like the determination of 
iodine uptake in the thyroid, renography and radiocardio- 
graphy, and the determination of liver function and blood 
flow. 

The introduction of  the rectilinear scanner mcant that 
the distribution of a radiopharmaceutical in an organ 

could be measured. The first applications of this technique 
involved thyroid scans and ditrcrent methods for the local- 
ization of tumours. Gradually bone, liver and lung scans, 
among others, were introduced. Since thc introduction of 
the gamma camera and "Tc"', diagnostic nuclear medicine 
has basically become an imaging technique. 

A radionuclide was employed in diagnostic medicine a s  
early as in 1927, when Blumgart & Weiss (23) used "'Bi to 
measure circulation time from one arm to the other in 
both normal and abnormal patients. The ensuing report 
can be regarded as the birth of clinical nuclear medicine. 
This method was then further developed using "Na. How- 
ever, it nevcr bccamc of major clinical significance itself 
but is the origin of more advanccd methods to study 
circulation. In 1948, Prinzmetal et al. (24) used an extcrnal 
GM-tube over the heart region. After a bolus-injection of 
''Na, the count-rate was registered and from this curve, 
named radiocardiogram, the transit time bctween right and 
left ventricles could bc determined. Nylin & Cclandcr in  
Stockholm, uscd 32P and sampling of  artcrial blood in 
their early method to  determine cardiac output (25). Latcr, 
external measurements were used (26). The method is still 
in  use today, mainly as a tool to quantify intracardiac 
shunts (27). 

Another type of blood flow measurement technique 
involved merely injecting ''Na directly into a niiiscle and 
then measuring its disappearance rate. This method was 
introduced by Kety (28) and then further developed by 
Lassen et al. (29) who introduced the concept of using a 
radioactive, noble gas. This concept is also used in  nieasur- 
ing of regional cerebral blood flow, a practice introduced 
by lngvar & Lassen (30). Apart from positron cmission 
tomography, it is still the only method to quantitatively 
measure regional cerebral blood flow. Relative measurc- 
ments are routinely made with the gamma camera utilizing 
various substances labelled with o'T~''' and used in the 
diagnosis of dementia and stroke, among others. 

Measurements of regional myocardial blood flow is to- 
day a very important method in nuclear medicine, used 
mainly to detect ischcmic heart disease. The examination is 
generally performed both at stress and rest. The origin of 
this method is Love and co-worker's research in 1954, 
which showed an uptake of both potassium and rubidium 
in thc myocardium (31). Later Carr et al. (32) were able to 
scintigraphically detect experimental infarcts in animals 
using '"Rb and '31Cs. Several radionuclides were tested 
over the years and the general breakthrough of  myocardial 
scintigraphy came in 1975 when Strauss et al. used '"'TI 
(33). This method is still in use, but in competition with 
methods using a number of substances labelled with 

The blood flow of an organ can be determined by using 
a radiopharmaceutical, which is extracted by the organ 
with an efficiency close to loo'%,. The disappearance rate of 
the radiopharmaceutical from the blood is a measure of 
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the organ blood flow. This technique was early used to  
measure the blood flow in both liver and kidneys. The 
mechanism behind a high extraction might be physiologi- 
cal, meaning that the uptake of the radiopharmaceutical in 
the cells of an organ is very effective. This principle is used 
in the methods for both brain and myocardial scintigraphy 
described above. The mechanism can also be mechanical. 
meaning that particles are injected and trapped in the 
capillary system. This principle is used in perfusion scintig- 
raphy of the lungs, one of the basic examination types in 
nuclear medicine. The method has its origin in the early 
1960s when Taplin et al. (34) produced and tested a 
macroaggregated human serum albumin labelled with I3 ' l .  
Iodine was later replaced by 99Tc"' (35). The particles are 
trapped in the capillary tree of the lungs and a reduced 
uptake is equivalent to a reduced perfusion which can be 
caused by a lung embolus. However, a decreased uptake 
might appear for other reasons and subsequently the need 
for a method to study regional ventilation arose. Such a 
method was introduced in 1965 by Taplin & Poe (36). 
They used an aerosol which still is the most wideley spread 
method but for radioactive noble gases like 'j3Xe which 
have also been used. 

Early diagnostic methods utilizing radiopharmaceuticals 
were restricted by the limited number of radionuclides 
available and by the lack of efficient detectors. Still, how- 
ever, early attemps were made to detect 32P in vivo al- 
though it is a pure beta-emitter. Early observations showed 
an increased uptake of the radionuclide in tumours and 
Low-Beer et al. (37) made external measurements of su- 
perficial breast tumours showing a 25% increased uptake 
compared with that of surrounding tissues. 32P was also 
used t o  localize brain tumours at surgery and to  detect 
skin tumours and intraocular tumours (38-40). 

Localization of tumours in vivo have always been a 
challenge to nuclear medicine and the greatest success has 
been achieved in the area of bone metastases. After early 
trials, using '?P and 45Ca, a breakthrough came by the 
introduction of the gamma-emitting radionuclide "Sr. 
Gynning et al. (41) used this radionuclide in external 
detection of spinal metastases. Cederqvist (42) performed 
retention studies in patients with and without widespread 
malignant skeletal disease using a whole body counter. The 
first scintigraphies were performed by Fleming et al. in 
1961 (43). In the middle of the 1960s, several reports had 
pointed to the fact that bone metastases could be detected 
by bone scintigraphy several months earlier than with 
conventional radiological methods. Today, bone scans are 
still the most common procedure in nuclear medicine. The 
radiopharmaceuticals used in this procedure are phos- 
phates, diphophonates or similar agents labelled with 
yyTc"', as suggested by Subramanian & McAfee in 1971 
(44). 

Over a period of several years, brain scintigraphy using 
9yTcm-pertechnetate and liver scintigraphy using 99Tc"- 

colloids became very important when diagnosing tumours 
in these organs. These methods were gradually replaced by 
CT and ultrasound during the 1980s. However, "Tc"'-col- 
loids are still used in bone marrow scintigraphy and it is 
worth mentioning that the first scintigraphy of this kind 
was made in Stockholm by Engstedt et al. (45). Also 
different procedures in the diagnosis of different diseases of 
the thyroid have had their golden era. These procedures 
have, to a large extent, been replaced by different labora- 
tory tests. As mentioned above, it was early discovered 
that iodine is absorbed by the thyroid and several diagnos- 
tic methods to measure the function of the thyroid were 
developed, including the uptake test; 24 h collection of 
urine and different types of hormone analysis. The text- 
book 'Diagnostic radioisotopes' from 1959 contains 528 
references concerning iodine metabolism, thyroid function 
and diagnostic tests (46). This reveals that the examination 
of the thyroid was a milestone in the history of nuclear 
medicine or, more precisely. its development from an 
exclusive research tool to  an important tool in diagnosis. 
Moreover, it created the need for special instrumentation, 
such as the scintillation counter, the rectilinear scanner 
and the gamma-camera as previously mentioned. In Swe- 
den, diagnostic nuclear medicine began with the thyroid in 
all the university hospitals around 1950 with Bengt Skanse 
as the pioneer. Important contributions to the develop- 
ment of methods and instruments for diagnosis of thyroid 
diseases have come from Sweden (17, 47-50). 

In 1956, Taplin et al. (51) and Winter (52), used dio- 
drdst labelled with I3'I for examination of the kidneys. 
After intravenous injection, the uptake and excretion were 
studied with external detectors directed to each kidney. 
This represented the birth of renography, a method which 
is very common today. Taplin et al. stated that renography 
had a potential use as a screening test for younger patients 
with hypertension and for determining the progress of 
treatment through repeated tests. Diodrast was soon re- 
placed by "'I-hippuran, a substance introduced in 1960 by 
Nordyke et al. (53). It is extracted effectively by the 
kidneys both through filtration and by tubular secretion. 
thereby minimizing the background problem in renogra- 
phy which results in a more precise determination of 
kidney split function. This radiopharmaceutical and its 
clinical use, has been carefully examined by G. Magnusson 
in Stockholm (54). A measure of the kidney function is the 
glomerulus filtration rate expressed as clearance. It was 
introduced in the 1920s and has been used in clinical 
routines for the determination of kidney function in terms 
of clearance of inulin and urea. The orignal, non-radioac- 
tive methods were quite complicated with a continous 
collection of urine and a constant level of the substance in 
plasma. Nosslin ( 5 5 ,  56) showed that clearance can be 
determined from a single injection of a substance followed 
by sampling of plasma to  establish a plasma concentration 
curve. Brochner-Mortensen (57) used this concept in his 



method to determine the glomerulus filtration rate by 
using "Cr-EDTA, a method still in common use. 

Radionuclide therapy 

In March 1936, Hamilton & Stone in California, em- 
ployed the first artificially produced radioisotope for thera- 
peutic trials (58). They used "Na in three patients with 
leukemia and allied diseases. They also investigated the 
uptake and excretion of radiosodium in these patients. A 
few months later J .H .  Lawrence at Berkeley initiated the 
therapeutic use of "P for the treatment of leukemia and 
polycythemia Vera (59). I n  the years to follow. several 
reports on the successful use of in  therapy were issued. 
This method of utili7ing radiophosphorus in the treatment 
of polycythemia Vera is still in  use. In Sweden, the first 
report on use of radionuclides in the treatment of leukemia 
was issued by E. Lindgren in 1944 (60). L.-G. Larsson 
used "P in the treatment of mycosis fungoides (61). 

Radiophosphorus has been used extensively in both 
diagnosis and therapy. One important application is col- 
loidal "P in the treatment of patients with pleural effusion 
and ascites (62). This kind of intracavitary use of radioac- 
tive colloids, mainly '"'Au. for palliation treatment of 
malignant effusion began in 1945 (63). Although radiocol- 
loid instillations have been made in other closed cavities, 
the primary application is still in the chest and abdomen. 

Another use of colloids labelled with jZP, ""Y. '"Au and 
other radionuclides. is for performance of medical syn- 
ovectomies. This work began in the early 1960s (64) and 
the results were promising with an iniprovement rate of 

Early works by Hahn et al. (66)  and Lawrence et al. (67)  
revealed that "P was metabolized by thc skeleton, espe- 
cially by neoplastic tissues. Hence the concept of treatment 
of bone metastases arose. This method dates back to the 
early 1950s and in particular the work by Storaasli et al. 
(68) and that by Maxfield et al. (69). They used "P which 
unfortunately had the disadvantage of a high absorbed 
dose to bone marrow. This led to the introduction of '"Sr 
which gave the same pain relief as "P but without marrow 
suppression (70, 71) .  The use of ""Sr is still an important 
routine methods for treatment of pain from bone metas- 
tases. especially in patients with prostatic carcinoma. 

The most extensive use of unsealed sources has been in 
the treatment of the thyroid with radioactive iodine. Al- 
ready in 1941. Hertz & Robert (72) used 13('1 in the 
treatment of a patient with hyperthyroidism. They admin- 
stered only I mCi and observed no effect. Therefore they 
increased the activity to 16 mCi and treated 29 patients with 
this dose. Thcy concluded that the treatment was effective 
in 80'%) of the cases (72. 73). With the introduction of l 3 ' 1  
the therapy developed (74). The uptake measurement and 
scintigraphic imaging made it  possible to niake an individ- 
ual dosage of the radionuclide nieaning an increased accu- 

50-60%1 (65). 

racy in the treatment. This method is still the method of 
choice today in the treatment of hyperthyroidism. 

Early experiments using radioactive iodine in the treat- 
ment of thyroid cancer were also performed (75). Al- 
though the majority of thyroid carcinomas can be removed 
surgically, it is often uncertain afterwards whether or not 
the resection will be complete and if local or distant 
metastases are present. In these cases, treatment with 1 3 ' 1  
can be used as a supplement. In 1943, Frantz et al. (76) 
treated a child who had had a total thyroidectomy. They 
found a good uptake in a metastases in the right pharyn- 
geal wall and noted that an effective l3 ' l  therapy of 
metastases might well depend upon the removal of the 
functional thyroid gland. Seidlin et al. (72) then demon- 
strated that metastatic carcinoma of thc thyroid can be 
successfully treated with radioactive iodine, provided of 
course. that the lesion accumulates iodine. 
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