
M e d i c a l a p p l i c a t i o n s 

pharmaceut ica l compan ies are 
register ing new products and proce
dures for cyc lo t ron-produced iso
topes. 

From Dewi M. Lewis, Amersham 
International pic, Amersham, UK. 

Positron emission 
tomography 

Posi t ron Emiss ion T o m o g r a p h y 
(PET) is an advanced nuclear 

medic ine techn ique used for re
search at major cent res. Un ique 
d iagnost ic in format ion is obta ined 
f rom tomograph ic measu remen ts of 
the b iochemist ry and phys io logy of 
t issues and organs. In theory, d is
eases are related to b iochemica l 
changes and these can be observed 
with PET long before any anatomica l 
changes are detectab le . 

In PET the radioact ive componen t 
is a posi t ron-emit t ing isotope or 
' tracer'. The posi t rons annih i late wi th 
e lect rons in the body to produce two 
g a m m a rays 180° apart ; co inc idence 
detect ion of these g a m m a s prov ides 
a very eff icient method of de termin
ing the spat ial distr ibut ion of the 
radio isotope tracer. Because phys i 
ological measu remen ts are usual ly 
required in a s ingle imaging sess ion , 
very short- l ived isotopes are used to 
label the t racer molecu les; isotope 
product ion and label l ing is usual ly 
carr ied out in s i tu. The most c o m 
monly used radionucl ides are car-
bon-11 (half-l i fe 20 minutes) , nitro
gen-"! 3 (10 minutes) , oxygen-15 

(2 minutes) , and f luor ine-18 (110 
minutes) . 

A PET sys tem has three major 
componen ts : 

- a part icle accelerator with targets 
for product ion of the posi t ron-emit t ing 
isotopes; 

- chemis t ry modu les for synthes is 
and label l ing of the des i red t racers; 

- and a PET camera for in-vivo 
measu remen ts of the distr ibut ion of 
the t racer in the body. 

Cyc lo t rons have become the 
s tandard accelerator for produc ing 
PET isotopes wi th typical protons 
energ ies of 10-18 MeV, and 5-9 MeV 
for deuterons wi th b e a m currents up 
to 75 m ic roamps . Present -day PET 
cyc lot rons are ext remely compact , 
highly au tomated mach ines sui table 
for hospital env i ronments and have 
little in c o m m o n with the older labora
tory-des igned research mach ines . 

All new PET cyc lot rons are based 
on negat ive ion techno logy to faci l i 
tate beam extract ion and min imize 

Positron Emission Tomography (PET) 
provides diagnostic information from 
tomographic measurements of the biochemis
try and physiology of tissues and organs. 
If diseases are related to biochemical 
changes, these can be observed with PET 
long before any anatomical changes are 
detectable. This shows the results of 
carbon-11 methionine used in an investigation 
to estimate the effect of therapeutic drug 
treatment on a brain tumour. 
(Photo Uppsala University PET Centre, 
Sweden) 

induced radioact iv i ty bui ld-up. 
C losed- loop compute r control m a n 
ages star tup, tun ing and irradiat ion, 
leaving only the choice of label l ing 
c o m p o u n d and a few initial i rradiat ion 
parameters to be de termined by the 
user. Wi th the except ion of oxygen-
15, the radioact ivi ty level needed for 
a typical scan is 200 MBecquere l . 
A s ingle product ion batch wil l be 
suff ic ient for two or more pat ient 
scans . 

PET has expanded s ince the mid 
1970s and there are now about 
140 PET cent res wor ldwide, half of 
them in North Amer i ca . The PET 
procedure is s imi lar to convent iona l 
isotope imaging but wi th improved 
sensit iv i ty and spat ial resolut ion. 
PET can image and measure quant i 
tat ively new b iochemica l parameters 
such as b lood f low, fatty acid and 
g lucose ut i l izat ion, oxygen metabo
l ism, amino acid t ransport , receptor 
densi t ies and occupancy in the brain 
and other o rgans . T h e most c o m -
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UHV components f rom LEYBOLD offer the 
fol lowing quality features: 

• leak-tight over hundreds of degassing cycles 

• high purity and low degassing rates of the 

components 

• high strength and high purity materials. 

These features ensure that experiments, batch 
and production runs can be performed reliably, 
reproducibly and over extended periods of t ime. 

Being the leading supplier of vacuum technology 
and process applications world-wide, LEYBOLD 
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the area of UHV systems. 
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E n g i n e e r i n g s e r v i c e s 
We're not too b ig to provide cost effective and quality solutions at C e r n 
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% High Integrity Welding 
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9 Site Installation 
• Project Management 
• Support 

Through pur commitment to Research and 
Development we have developed a wide variety of 
services, ideal for research establishments. On 
going development is dedicated to the provision of 
industry leading technology. It enables us to offer, 
for example, specialist self tempering weld 
procedures, negating the need for further heat 
treatment, or welding and machining equipment 
capable of remote operation in inaccessible and 
confined areas. 

Ultrasonic probe array for pipe weld inspection. 
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PET p r o d u c t i o n 

Radionucl ide 
Nuclear 

Reac t ion 

C -11 1 4 N ( p p c ) 1 1 C 

N-13 1 6 0 ( p , a ) 1 3 N 

0 - 1 5 1 4 N ( d , n ) 5 0 

F-18 1 8 0 ( p , n ) 1 8 F 

monly used t racer is f luor ine-18 
deoxyg lucose (FDG) , a sugar ana
logue used in s tudy ing g lucose 
metabo l ism in the brain and other 
organs. Researchers have been able 
to label more than 500 dif ferent PET 
compounds but kinetic b iochemica l 
mode ls only exist for about 15 of 
these. 

Promis ing appl icat ions exist in f ields 
of oncology, neuro logy and cardio l 
ogy. In onco logy, PET is used to 
detect type and grade of pr imary 
tumours and metas tases , the extent 
of tumours prior to surgery, to differ
ent iate radiat ion necros is f rom 
tumour , and to assess the degree of 
mal ignancy of lesions and their 
response to surgical or drug therapy. 

Appl icat ions in neuro logy include 
local izat ion of se izure foci in epi lept ic 
pat ients, ear ly detect ion of 
A lzhe imer 's d isease, and dif ferential 
d iagnos is of movemen t d isorders 
such as Park inson 's d isease. In 
cardio logy, PET is used for assess
ment of myocard ia l t issue viabi l i ty, 
wh ich is often a prerequis i te for a by
pass operat ion . Diagnosis by other 
methods often fails to identify t issue 
viabi l i ty, possib ly leading to unneces
sary surgery. Assessmen t of coro
nary artery d isease is another impor
tant PET appl icat ion area in 
cardio logy. 

The wor ld d e m a n d for new PET 
sys tems is es t imated to be 15-20 
units per year. A l though it is not yet a 
rout ine cl inical p rocedure , it is ex
pected that once insurance compa 
nies start re imbursement for PET 
studies, then cl inical use will g row 
rapidly. Recent ly the US Federal 
Drug Admin is t ra t ion (FDA) approved 
the use of FDG as a d iagnost ic drug 
for the s tudy of epi lepsy. 

Genera l Electr ic and S iemens both 
supply comple te PET sys tems, 
compr is ing cyclot ron and camera , 
and enjoy a round 9 0 % of the market . 
Severa l smal ler compan ies ei ther 
manufac ture cyc lo t rons (IBA and 
Oxford Instruments) or PET cameras 
(Posi t ron Corporat ion and 
Sh imadzu) . Recent ly low energy 
l inacs have been proposed for PET, 
but at the low l inac energy of 4 MeV, 
high beam currents are needed to 
reach the required isotope y ie lds. 

Commerc ia l manufac turers c lear ly 
face a cha l lenge to expand the 
market for P E T by reducing equ ip
ment capital costs and by des ign ing 
sys tems that increase pat ient 
throughput . 

From Stig Lindback, GEMS PET 
Systems A B , Uppsala, Sweden 

A 11 MeV compact cyclotron with negative 
hydrogen ion extraction for generating very 
short-lived PET isotopes. Present-day PET 
cyclotrons are extremely compact, highly 
automated machines for hospital environments 
and have little in common with the older 
laboratory-designed research machines. 
(Photo GE Medical Systems, Uppsala, 
Sweden) 
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