Radioisotopes and PET
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Radioisotopes
Elements are defined by their number of protons,
but there is some variation in the number of
neutrons. Atoms resulting from this variation are
called isotopes. Consider hydrogen:

1
atomic mass
H
1 atomic number

2
H
1

3
H
1

Usually they are referred to just by their mass, eg.
Hydrogen-2, Iodine-123 etc. Often these isotopes
are unstable and decay by emitting radiation. If this
is the case, we use the term radioisotope.
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and very high energy. This means that it can readily penetrate the body.
Gamma radiation is frequently produced in conjunction with alpha and
beta particles. The decay of oxygen-19 in the example above produces
gamma radiation as well as beta particles.
Usually the gamma radiation is emitted less than a microsecond after
the emission of alpha or beta particles, but sometimes there is a delay if
the daughter nucleus is left in an excited state, known as a metastable
state. This is the case with technetium-99m, a very important radioisotope used in medical diagnosis as a gamma radiation emitter. (The ‘m’
in ‘99m’ means this isotope is metastable.)
The characteristics of a, b and g radiation are summarised in table 20.1.

Types of radiation

The radioisotopes decay by releasing one or more
of the following. Often gamma is released at the
same
time
as
alpha
or
beta.
Table 20.1 Characteristics of a, b and g radiation
A metastable nucleus is in an
excited state for a period of time
before decaying.
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Alpha

a

6.6 ¥ 10

Beta

b

Gamma

g

RELATIVE
CHARGE

NATURE

PENETRATION

-27

+2

helium nucleus

Stopped by a sheet of
paper or
7 cm of air

9.0 ¥ 10

-31

-1

electron

Stopped in a few mm
of tissue

0

0

electromagnetic radiation of
wavelength shorter than an X-ray

Absorbed in many cm
of tissue

of a radioactive
isotopereach
Through theseHalf-life
processes,
radioisotopes
Not all radioactive isotopes decay at the same rate. The rate of decay is
more stable states.
measured by the half-life of the radioisotope. This is the time taken for
Half-life is the time taken for half
the radioactive material in a
sample to decay.
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half the radioactive
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Half-lives can vary significantly. Uranium-238 has a half-life of 4.5 ¥ 10 3
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Half life
• The number of radioactive ‘decays’ per second is

proportional to how many un-decayed atoms are
present. This is hard to quantify, so we speak in
terms of the half life of the material.

• The half life has units of time, and refers to how

long it will take for half of the material to undergo
radioactive decay.
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Imaging & radioisotopes
• The general idea is that a patient ingests a

radioisotope (usually by drinking). This is given
time to spread through the body, and then a
gamma camera takes an image of the body.

• Usually the radioisotope is joined to another

chemical (called a radiopharmaceutical) which is
metabolised by a specific part of the body, such as
the thyroid. The radioisotope would accumulate at
the thyroid - enabling imaging of the thyroid.
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(a)

(b) (i)

(b) (ii)

Technetium -99 is
used here to
image the bones
(bone scan).
It is combined
with a phosphate
and absorbed into
the bones within
an hour.
Areas of high
Figure 20.10 (a) An X-ray of a
absorption show
broken leg (b) A bone scan showing (i)
a healthy skeleton and (ii) a skeleton
abnormal activity
with tumours. (Note the white spot on
the right arm in each bone scan shows
where the isotope was injected.)
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Questions
1. I have 200 atoms of an isotope with a 3 day half life.
How many atoms will decay in:
a) 6 days
b) 18 days
2. What sort of half life would be best for imaging
with?
3. Which type of radiation (alpha beta or gamma) is
best for medical imaging?
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Homework
1. Compare an image of a bone scan with a an X-ray
of the same region. What are the diagnostic uses of
each image?
2. Find an example of one other
radiopharmaceutical, and how it is used (including
which radioisotope)
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Revision questions
1. How do we use sound waves in medical imaging?
2. How do we use EM waves in medical imaging?
3. How do we use radioactivity in medical imaging?
4. What constraints/difficulties exist when using
isotopes in medical imaging?
5. Name one common medicinal radioisotope.
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Beta minus decay
Often we use beta decay to refer to the release of
an electron. Technically this is β- decay.

n ! p + e + ⌫¯e
During β- decay a neutron is turned into a proton,
electron and anti-neutrino. The electron and antineutrino are emitted.
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Beta plus decay
There is also another form of beta decay, which
releases a positron instead. It is called β+ decay.
+

p ! n + e + ⌫e

During β+ decay a proton is turned into a
neutron, positron and neutrino. The positron and
neutrino are emitted.
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Some radioisotopes undergo β+ decay, and others
undergo β- . One has the effect of increasing
atomic number and the other decreases it.
β+ decay

β- decay

β+ can be referred to as positron emission.
http://education.jlab.org/glossary/betadecay.gif

13

Positrons
A positron is an anti-electron (most subatomic
particles have an anti-particle). When a positron
and electron collide, they annihilate each other,
releasing two 𝛾 photons:

+

e +e !

+

This annihilation follows many conservation laws,
including the conservation of momentum, so the
two gamma photons are released in opposite
directions (180º) and with equal energies (511keV).
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PET imaging
• A radioisotope is placed in the patient’s body,

where it undergoes β+ decay. The placement of the
radioisotope depends on application.

• Emitted positrons slow down and eventually

undergo annihilation with a nearby electron
(usually having travelled ~1mm from the isotope).
Antiparallel 𝛾 photons are produced and exit body.

• A gamma detector surrounds the body, ignoring all
gamma photons which do not have an oppositely
directed, partner photon (or are not 511keV).
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Annihilation
Gamma photons
Detector
Similar to CT scans, multiple cross sections are
sampled in order to create a 3D image of the patient.
PET stands for positron emission tomography.
https://upload.wikimedia.org/wikipedia/commons/f/fb/Positron_Emission_Tomograph_Coincidence-de.svg
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http://upload.wikimedia.org/wikipedia/commons/c/c4/16slicePETCT.jpg
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Full body PET
scan using 18F
(intravenously
administered one
hour prior).
Accumulation is
visible in heart,
kidneys, brain and
liver tumors.

http://upload.wikimedia.org/wikipedia/commons/3/3d/PET-MIPS-anim.gif
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Constraints
• Cyclotron required at hospital to produce the

necessary isotopes (so PET is very expensive).

• Resolution still ~1mm (not great), due to

annihilation distance and detector design. Often
PET is combined with CT or MRI to produce an
image with higher resolution and more data.
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Benefits
• Patients exposed to less radiation (many of the

isotopes have half lives of less than 30 minutes).

• PET has unique functional capabilities - particularly
in studying metabolism (therefore cancer) and
brain function.

FDG tracer

http://en.wikipedia.org/wiki/File:Fludeoxyglucose_18-F_skeletal.svg
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http://brain.oxfordjournals.org/content/134/1/301/F3.large.jpg
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http://discovermi.org/diseases/heart-disease/types/heart-attack/
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http://upload.wikimedia.org/wikipedia/commons/5/57/PET-MR2-Head-Keosys.JPG
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Homework
1. Compare two PET scans of the same organ
- one diseased and one healthy.
2. Repeat for two CT scans.
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Question
Assess the following statement:
“PET imaging technology should be available in
every major hospital”
(6 marks)
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