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introduction

uclear medicine and functional imaging
were born of the CEA’s ambition to promote
and develop nuclear applications in the fields
of biology and health.
Nuclear medicine is based on the use of
radioactive isotopes for diagnostic and therapeutic purposes. It could never have developed
so rapidly without the progress made in atomic
and nuclear physics. One major breakthrough
was the discovery of artificial radioelements
by Irène and Frédéric Joliot in 1934, when a
short-lived radioactive isotope was created for
the first time ever.
Whether natural or synthetic, isotopes possess
the same chemical properties as their nonradioactive counterparts. The only difference is
that they are unstable and this instability causes
disintegration, leading to radiation emission.
All we need are suitable detection tools to keep

Positron emission
tomography (PET) scan.

track of them. The notion of tracer dates back
to 1913. Invented by George de Hevesy, it lies
at the root of nuclear medicine. By discovering
how to produce radioactive isotopes, Irène and
Frédéric Joliot provided biology researchers
with nuclear tools of unrivalled efficiency.
Today, nuclear medicine and functional imaging
are the only techniques capable of giving us
extremely precise information about living
organisms in a nontraumatic manner and without
upsetting their balance. Positron emission
tomography (PET) and nuclear magnetic resonance imaging (MRI) are the main imaging
techniques used at the CEA in its neuro-imaging
research activities. These techniques are now
developing rapidly and becoming increasingly
important not only in the neuroscience world,
but also for innovative therapies and cancer
treatment.
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> GENERAL PRINCIPLES AND TOOLS

General principles
and tools

1895

A German physicist,
W. Röntgen, discovers X-rays.

1896

H. Becquerel, a French physicist,
discovers that uranium emits
invisible radiation (different from
X-rays). He calls this
phenomenon “radioactivity”.

RADIATION-BASED
MEDICAL TECHNIQUES
IN COMMON USE
The first tools to be developed used X-rays
for medical radiography. Back in December
1895, W. C. Röntgen, who discovered X-rays,
took the first X-ray of a woman’s hand. This
technique exploits the ability of X-rays to pass
through the human body and to be absorbed
to varying degrees according to the type of
tissue penetrated (bones are more opaque,
muscles are more transparent). This type of
radiation is therefore used to take radiographs for detection purposes, for example,
to detect a fracture or diseased tissue (e.g.
chest X-rays to detect lung disease).

Radiography makes use of X-rays. The first medical imaging
application was tested in 1895.

Scintigraphy – the vertebral bodies is shown here – uses
a gamma camera connected to a computer.

From nuclear medicine to neurosciences
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Scintigraphy uses a small quantity of intravenously injected radioelements that are
specific to the organ under study. The radiation
emitted by the isotope is collected and
analysed by a gamma-ray camera connected
to a computer. This highly sensitive technique
is used for examining the thyroid or the
skeleton (bone scintigraphy) or in cardiology
to assess heart performance (myocardial
scintigraphy).
10 > Medical imaging

The French physicists, P. and
M. Curie, isolate polonium and
radium, two previously unknown
radioelements, found in uranium
ore. In 1903, they and Henri
Becquerel are awarded the Nobel
Physics Prize.

A few key dates in the history of medical imaging. A few key dates

The scanner takes cross-sectional images of
the human body. Although it makes use of
X-rays, it differs from conventional radiography
because it uses sensors instead of photographic film. The images are reconstructed
in a second stage of the process.

From nuclear medicine to neurosciences

1898
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MRI, SCINTIGRAPHY, TOMOGRAPHY – A HOST OF
CONSTANTLY CHANGING TECHNIQUES.
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1913

Hungarian researcher, G. C. de
Hevesy, studies the distribution
of radium – a naturally occurring
radioactive isotope – in a
mammal's body. This makes
radium the first tracer.

> GENERAL PRINCIPLES AND TOOLS

1928

H. Geiger and W. Müller
invent the first charged
particle counter.

1930

E. O. Lawrence, an American
physicist, develops a highfrequency, electromagnetic
accelerator. The process
will later be taken up for
the cyclotron.

1935

French physicists, I. and F. Joliot,
receive the Nobel Prize for their
discovery of radioactive isotopes
in 1934. During the prize-giving

phosphorus-32 to demonstrate
that bone formation is a
process of constant loss and
replacement. In 1943 he is
awarded the Nobel Chemistry
Prize for his work.

conference, Frédéric Joliot
declares: “The method of
indicators using synthetic
radioelements will probably
find practical applications
in medicine”.
George de Hevesy uses

7

1937

J.-G. Hamilton uses radioactive
sodium for clinical purposes
for the first time.

“Technological
progress has led
to the design of
increasingly
effective tools for
seeing the invisible.”

POSITRON EMISSION
TOMOGRAPHY (PET) AND SINGLE
PHOTON EMISSION COMPUTED
TOMOGRAPHY (SPECT)
Use of radioactive tracers
Nuclear medicine basically consists in administering by intravenous injection a molecule
labelled with a radioactive isotope, which is then
tracked using external detection tools to monitor
how an organ is functioning.
Radioactive tracers display the same physicalchemical properties as their nonradioactive
counterparts, except that they emit radiation.
They therefore act as beacons, used in conjunction with suitable detection tools, to track
the progress of a previously labelled molecule
through the body. The data collected is then
analysed and transformed by mathematical
models to rebuild a screen image showing where
From nuclear medicine to neurosciences

the radiotracer is in the body. The reason why
this imaging technique is so successful is that
it offers a unique, nontraumatic means of investigating the physiology and activity of living
organisms.

Producing radioactive isotopes
The short-lived radioactive atoms required for
nuclear imaging are produced using a cyclotron,
which is a high-frequency electromagnetic accelerator, developed by Ernest Orlando Lawrence
in the USA in 1929. The cyclotron draws on
the combined action of a magnetic field and

How a cyclotron works

Target

an electric field to generate a beam of accelerated particles. These electrically charged
particles (protons and deuterons) are routed to
the centre of a chamber under extreme vacuum.
They spiral out from the centre of the cyclotron
to the edges, increasing in speed as they do so.
They go round the chamber several times before
being removed from the accelerator, then
projected at very high speed against a target
located a few metres away. Transmutations then
take place, in which radioactive isotopes are
produced and atoms are disintegrated, returning
to a stable state and emitting radiation.

Selecting and producing
radiopharmaceuticals
Once it has been produced, the radioactive atom
is incorporated into a molecule selected for its
ability to label a given biological parameter,

Electrical field

C: Magnetic field

C

C

Particles
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“Radioisotopes are
produced in a
cyclotron combining
two fields – one
magnetic, the other
electric.”

From nuclear medicine to neurosciences
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dates in the history of medical imaging. A few key dates in the history of medical imaging. A few key dates in the history of medical imaging. A few key dates in the history of medic

PET uses an intravenously injected tracer to monitor
the functioning of an organ.

which can be metabolic, physiological or medicAll the chemical and physicalinal. The incorporated
chemical transformations.
isotope acts as a
beacon for detecting what becomes of the
molecule inside the organism.
Radiopharmaceuticals must be produced by
highly qualified radiochemists in special facilities similar to clean rooms. As some of the isotopes used for medical purposes (e.g. positron
emission tomography) are short-lived, the
cyclotron, radiochemical laboratories and
imaging equipment must be located very close
together.
The isotope must fulfil certain conditions if it
is to serve a medical purpose:
• it must generate the lowest possible radiation
dose,
10 > Medical imaging
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1938

S. Hertz uses radioactive iodine
(131I) to study thyroid physiology.

1939

G. C. de Hevesy develops a
method for calculating the blood
volume using red blood cells
labelled with phosphorus (32P).
J.H. Lawrence uses this process
to study leukaemia.

1942

J.-G. Hamilton uses 131I and 32P
for the first therapeutic
applications.

9

1950

Arrival of the first manual scanner,
equipped with a Geiger-Müller
counter, soon to be followed by
a scintillation counter.
The following year, B. Cassen
improves this technique when
he creates a rectilinear scanner.

w key dates in the history of medical imaging. A few key dates in the history of medical imaging. A few key dates in the history of medical imaging. A few key dates in the history of
PET imaging process

Radioactive isotope
production

Incorporation
into a molecule

Tracers, used essentially for tomographic
imaging, are harmless radioactive beacons that
are tracked in the body

Tracer injection
and data acquisition

Data processing,
image, interpretation

• its life in the organism must be short but long
enough to allow physiological observation,
• the radiation it emits must be as harmless as
possible and detectable from outside the
body.
The most widely used type of radiation in nuclear
medicine (see the Radioactivity booklet) is
gamma radiation, because its interaction with
matter is limited. For this reason, the isotopes
used are gamma-ray emitters or positron-emitters which lead Particle with the same mass as the
electron but with the opposite charge.
to gamma photon
emission.

tive atom disintegrates, the positron emitted
travels a few millimetres inside the organism
before combining with an electron. The two
particles mutually annihilate, simultaneously
emitting two gamma photons in a straight line
and in opposite directions. This pair of photons
is collected by the positron camera’s detector
ring surrounding the patient. The various
disintegrations coming from the same site are
intersected with straight lines. The intersection
point represents the emitting region. This feature
is used to locate the tracer in the organism very
precisely. At the same time, it makes PET
imaging a quantitative method.
All the data is recorded, analysed and mathematically transformed. Correction algorithms are
used to take into account gamma-ray diffusion
and absorption by body tissues. At the end of

SELECTING
RADIOPHARMACEUTICALS
Radiotracers use various chemical structures or
biological molecules, including:
• water molecules (for observing changes in the
blood flow),
• FDG, a molecule closely related to glucose (for
measuring sugar consumption),

© CEA/L. Médard

• molecules used for diagnostic and therapeutic
purposes (locating and assessing drug
effectiveness).

The radiotracer produced is injected into the
patient, generally into a vein. When the radioacFrom nuclear medicine to neurosciences
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the process, the position of the radiotracer in
a few-millimetre-thick “slice” of the organ under
examination is reconstructed on the computer.
Three-dimensional images can be obtained by
combining a series of slices. A mathematical
model is then used to convert local radioactivity values into parameters such as blood flow,
chemical reaction rate, neurotransmitter receptor
density and so on.

Single photon emission
computed tomography (SPECT)

• amino acids (for protein synthesis),

Positron emission tomography
(PET) imaging

“Positron emission
tomography is a
quantitative method.”

From nuclear medicine to neurosciences

SPECT uses radioactive isotopes that emit single
gamma photons. These are detected by a gamma
camera made up of scintillators. The fact that
only one photon is emitted makes it harder to
locate the radiotracer and perform the necessary corrections by algorithm. Unlike PET, single
photon emission computed tomography is not
a quantitative method.
SPECT has other specific features. Isotopes
emitting gamma photons (e.g. xenon-133,
iodine-123, technetium-99) are not among the
biological molecules such as carbon, oxygen,
hydrogen, nitrogen, phosphorus or sulphur. They
10 > Medical imaging
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1957

H.O. Anger invents a scintillation
camera, which is a gamma-ray
camera capable of producing
images correlated to the
functioning of various organs:
scintigraphy is born.

> GENERAL PRINCIPLES AND TOOLS

1963

A British engineer, Godfrey
Newbold Hounsfield, develops
mathematical algorithms which
Allan M. Cormack then applies
for scanners.

1973

The first magnetic resonance
image.

s in the history of medical imaging. A few key dates in the history of medical imaging.
NUCLEAR MAGNETIC RESONANCE
IMAGING (MRI)
Nuclear magnetic resonance imaging is a
functional imaging method for nontraumatic,
in vivo examination. It makes use of the nuclear
magnetic resonance (NMR) phenomenon,
discovered in 1946 and used in spectroscopy.
The body is made up of Analysis method based on
the dispersion of
atoms or groups of atoms radiation
in a spectrum.
(molecules). NMR and

NMR imaging (MRI) exploit the magnetic
properties displayed by the atomic nuclei
of molecules. They use a magnet with a
strong, uniform magnetic field, in conjunction with specialised electronic and computer
equipment. Magnetic resonance imaging
(MRI) is a technique used to study what is

How a gamma camera works

Lead shielding
Photomultiplier
array

“Functional imaging
techniques working
for science, medicine
and therapeutic
innovation.”

© CEA/L. Médard

can therefore change the activity of the molecule
of biological interest in which they are incorporated. In addition, they have a much longer
radioactive half-life (a few hours) than positron
emitters.
However, gamma cameras, which are
technically simpler and less expensive than
the cameras used for PET, are much more widely
used in hospitals (for cardiology, bone scintigraphy, etc.).

Gamma cameras, which are simpler and less expensive than
PET cameras, are widely used in hospitals.

Positioning
computer

Radioelements and their half-lives
Light guide

COMPOSITION OF THE HUMAN BODY

Scintillator crystal
Computer
Collimator

Display

Scintillation

elements

C

O

H

N

P

S

CI

Na

K

Ca

Fe

Mg

% (mass)

18

65

10

3

1.1

0.25

0.15

0.15

0.35

2

0.004

0.05

POSITRON-EMITTING RADIOISOTOPES
isotope
half-life

11

C

20.38 min

13

N

9.96 min

15

O

2.04 min

18

76

F

Br

109.74 min

960 min

RADIOISOTOPES EMISSION A SINGLE GAMMA PHOTON
isotope
half-life

99

Tcm

6.01 h

111

In

67.31 h

123

I

13.21 h

133

201

Xe

TI

125.86 h

72.98 h

At the top, comparative abundance of the main elements found in the human body.
At the bottom, half-lives of radioisotopes emitting positrons and of those emitting single photons.
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“MRI relies on the magnetic properties of
hydrogen nuclei belonging to endogeneous
molecules of the body.”

Theory of nuclear magnetic
resonance (NMR)
Some nuclei, such as hydrogen, display a property called magnetic moment or spin. They
behave like magnetised needles and turn in
different directions depending on the magnetic field. An electromagnetic wave at a
suitable frequency – known as the resonance
frequency – can be applied to change the
direction of these spins, which emit electromagnetic signals when they return to their
initial position.
This technique dates back to the 1970’s. In
order to obtain an image, a strong magnetic
field, variable in space, is applied to make
the resonance frequency change from one
point to the other of the object for the same
nucleus. With a fixed frequency wave, only
one region will resonate and send a signal. If
the magnetic field shifts, another region will
resonate. This makes it possible to explore
another area of the object. The magnetic
signal sent by the nuclei just after the resonance is detected is used to reconstruct a 3D
image in a succession of slices with the help
of computer processing tools.
From nuclear medicine to neurosciences

Anatomical MRI
The anatomical structure of an organ can be
examined by observing the resonance of
hydrogen nuclei, found in abundance in water
and in biological tissue fat, in an intense
magnetic field. This method can be used
to diagnose tumours or locate certain
malformations (causing various types of
epilepsy for example).

Diagram of an MRI room

Shield
Curtain

Doctor

Patient

Magnetic resonance
imaging room.

Tunnel
Console

Functional MRI (fMRI)
With the development of ultrafast data acquisition and processing techniques, it is now
possible to obtain NMR images quickly enough
(in up to 0.02 seconds) to monitor some metabolic functions.
When we speak, read, move or think, some
parts of our brain are activated. As the neurons
are activated, the local blood flow increases
in the parts of the brain concerned. MRI
provides blood flow images that are extremely
precise in terms of location (to within 1 mm)
and time (to within 1/10 s).
The most commonly used method at present is
based on the magnetisation of haemoglobin in
the red blood cells. Haemoglobin is found in
two forms:
• red blood cells oxygenated by the lungs
contain oxyhaemoglobin (molecule not active
in NMR),
• red blood cells deoxygenated by tissues
containing deoxyhaemoglobin (active in NMR).
By monitoring the disturbance in the NMR
signal emitted by this molecule, we can observe
10 > Medical imaging

PC-STIM
Control unit
ASL
© CEA/A. Gonin

known as soft tissue, such as the brain,
spinal cord and muscles. It is used to reveal
the anatomical structure of such tissues, as
well as to monitor their functional characteristics or metabolism. In the first case,
anatomical MRI is used, in the second, functional MRI.

Control room

1.5 Tesla magnet
ASL camera
Projector
MRI room

MRI views of the brain.

© CEA/SHFJ
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> GENERAL PRINCIPLES AND TOOLS

NEUROFUNCTIONAL IMAGING OPENS
THE WAY TO MANY NEW DEVELOPMENTS
IN MEDICINE AND BIOLOGY.

Neuroscience
applications

the active areas of the brain via the influx of
oyxgenated blood that flushes out the deoxygenated blood. We can observe blood flow
modulations relating to brain activity in real
time, as though we were watching a film, with
the help of very fast image acquisition (one
image per second).

© CEA/SHFJ

Nuclear magnetic resonance
(NMR) spectroscopy

High-resolution NMR spectrum of the brain.

© CEA.

© CEA/SHFJ

Functional MRI of the brain. The cortical areas activated when
the subject is stimulated are shown in yellow.

Lastly, this group of technologies includes NMR
spectroscopy, which is used for noninvasive
biochemical and metabolic studies of the
central nervous system. It offers accurate
quantification of several tens of molecules and
follows the same principle as MRI.

From nuclear medicine to neurosciences
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Neuro-imaging tools and methods have
contributed greatly to our understanding of
neurosciences. These techniques have proven
particularly suitable for the nontraumatic study
of deep, not very accessible organs like the
brain. They also make it possible to study the
functioning of an organ without interfering with
its normal behaviour. The use of biomedical
imaging has generally increased and spread
to many fields of biology and medicine in recent
years.

experienced – the above statement comes as
no surprise. Neuro-imaging thus demonstrates
the use of common brain circuits for “thought”,
perception and action.
• In addition, neurofunctional imaging shows
the limits for processing subliminal information. Words presented Subconscious, below the
threshold of consciousness.
too briefly to be consciously perceived only stimulate a small part
of the areas of the brain used in the reading
process. Even if it is unconscious, this activation will allow us to recognise the word more
quickly at a later date, but it will not provoke
the brain activity observed during a “conscious
effort”.
• Turning to mental calculation, neuro-imaging
shows that two clearly defined regions of the
brain are activated as soon as we perform a
calculation or consider a numerical quantity.

One of several physiological and medical applications for
radioactivity, positron emission tomography is used to locate
neuron receptors and learn more about how the brain works.
From nuclear medicine to neurosciences

Functional imaging of the brain, or neurofunctional imaging, refers to the study of
human cognitive processes. It is aimed at
connecting the higher cogBrain mechanisms
underlying the mind.
nitive functions (perception of objects, language, attention, memory,
reasoning, action, etc.) with neurons – their
biological component. Neuro-imaging has now
become an essential tool for cognitive neuroscience studies, where it is used in normal
subjects or patients to determine the basic
mechanisms behind calculation, language,
memory, preparing actions or consciousness.
It is based mainly on the use of MRI.
• The brain circuits used on “thought”
processes are the same as those required for
perception or real actions. If we consider that
some forms of “thought” – such as calling up
memories or visualising an image in our mind –
are simply simulations or reproductions of
events that we might experience or have already
10 > Medical imaging

View of the brain showing areas active during a complex
calculation. The green areas are active in everybody. The red
areas are only active in a prodigy.

Various locations of language areas in the brain.

© GIN/CEA-Université de Caen

© CEA

COGNITIVE SCIENCES

© CEA

“Today, neuro-imaging
gives us fresh insight
into how the brain works.”

From nuclear medicine to neurosciences
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Brain imaging shows that some areas are active
during an approximate calculation.

> NEUROSCIENCE APPLICATIONS

“Studies of
neurodegenerative
disorders open up
prospects for new
therapies.”

• When we learn to read, a specific, clearly
defined region of the brain gradually specialises in encoding sequences of letters. It
was recently demonstrated at the CEA FrédéricJoliot hospital department that a lesion in this
region or its connections led to a reading
disability.

© CEA/SHFJ/INSERM

NEUROLOGICAL DISORDERS

Other specific zones are involved in precise calculation.

and very gradually destroy the neurons and no
effective treatment has been found for them.
Imaging techniques are used in the fight
against such pathologies. They provide insight
into changes in the brain due specifically to
neurodegenerative disorders, and help make
a quantified analysis of how effective a
treatment is while it is still in progress.

The pathology of the brain is approached
using the same imaging techniques. The
impact of certain neurological disorders on
the functioning of the brain as a whole can
be assessed by measuring, for example, oxygen consumption or metabolism. For some
particular pathologies, certain neurons can be
characterised by monitoring neurotransmitter
synthesis or their abil- Molecules used to transmit
information from one
ity to receive signals neuronal
fibre to another.
from this chemical
messenger.
Brain imaging can be combined with other
techniques to help design, develop and validate new therapeutic approaches (cell grafts
or gene therapy) or interventional surgery.

Parkinson’s disease causes the loss of the neurons involved in producing a neurotransmitter,

known as dopamine. This leads to reduced
Chemical substance
coordination of movemodulating neuronal activity.
ment. The loss of these
neurons can be observed by positron emission
tomography (PET). This technique is used to
diagnose the disease before the onset of clinical symptoms, i.e. as soon as 20 to 40% of
the dopamine is lost. It is also used to study
and demonstrate how effective neuroprotective
drugs are in stabilising or slowing down the
progression of the disease.
Huntington’s disease leads to early injuries on
dopamine receptors and reduced glucose
consumption. Three patients suffering from this
disease were given foetal neuron grafts, allowing
them to take up normal activities again (working,
swimming, cycling, etc.). A PET study of these
grafts showed that energy metabolism had

Evaluation of a graft in Parkinson’s disease: the red area represents an increase
in radiopharmaceutical concentration, a sign of renewed activity.

R

L
2

Neurodegenerative disorders

From nuclear medicine to neurosciences
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3 months
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In France, degenerative disorders affecting
the central nervous system (Alzheimer’s
disease, Parkinson’s disease, Huntington’s
disease, amyotrophic lateral sclerosis, multiple
sclerosis) directly concern more than one in
five hundred people over the age of 50. These
illnesses are incurable at present. They slowly

6 months

12 months

0

After the graft
[18F]-Fluorodopa

From nuclear medicine to neurosciences
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“PET examination of grafts has
demonstrated the recovery of motor and
cognitive functions in patients suffering
from Parkinson’s or Huntington’s disease.”
to drugs. Surgery is the only way to cure those
affected by this disorder. Positron emission
tomography can precisely locate the region
causing the seizures. Such precision helps surgeons to be sure that they can remove this region
with no functional after-effects. For this purpose,
PET is a unique tool for pre-operative diagnosis.

© CEA/SHFJ

Imaging techniques have shown that autism is
a neurological and not psychological disorder.
PET analysis of autistic children has shown
a bilateral decrease in brain blood flow at rest,
in the upper part of the temporal lobe. MRI
improved not only in the grafted regions, but
also in cortical areas vital for performing cognitive
tasks. A correlation was thus made between
improved energy metabolism in some neuron
circuits and the recovery of motor and cognitive
functions lost as the disease progresses.

Partial epilepsy: a morphological anomaly
(MRI at top) leads to reduced brain metabolism
(PET, yellow arrows at bottom).

Alzheimer’s disease leads to degenerative
dementia. PET imaging has revealed anomalies
in brain activity, together with reduced activity
in an enzyme called acetylcholinesterase. From
these results, a correlation was drawn between
the clinical severity of dementia, the degree to
which several parts of the brain are affected
and the reduced activity of this enzyme.

From nuclear medicine to neurosciences

PSYCHIATRIC APPLICATIONS
Brain imaging is used to determine the role that
functional changes in the brain play in mental
disorders and to gather data for developing
specific treatments for patients.

Left

Depression
Depression leads to localised and progressive
modifications in brain activity that can be
measured by PET. The brain appears hypoactive when symptoms of depression are significant and its activity improves with drugs.
However, it takes longer for the brain to resume
normal activity than it does for the symptoms
of depression to disappear. This explains why
there is a risk of relapse over a period of several

“Imaging techniques
have demonstrated
the neurological
nature of autism.”

Right

Results obtained using
positron emission
tomography in autism.
The green areas
represent regions
displaying a significant
decrease in brain blood
flow observed in 32
autistic children (upper
temporal regions).

© CEA/SHFJ

Other neurological disorders
Partial epilepsy is a form of epilepsy affecting
a particular region of the cortex. One of its
characteristics is that it does not respond well

studies have pointed to anatomical anomalies
in the same temporal regions. This region of
the temporal lobe appears to be the cause of
many symptoms of autism and seems to play a
key role in processing the environmental signals
perceived by the visual Making sense of the world
and auditory organs and around us.
transcribed in the nervous system. Both functional and structural anomalies have been
demonstrated by combining these two imaging
methods.

10 > Medical imaging
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Neuronal graft in Huntington’s disease.
Left: before the operation. Right: two years later,
the region where the foetal neurons were grafted
has resumed normal activity (white arrow).

10 > Medical imaging
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CURRENT MEDICAL IMAGING TECHNIQUES:
A MAJOR CHALLENGE, PARTICULARLY FOR
DEVELOPING NEW DRUGS AND TREATING
CANCER.

Other therapeutic
applications

“PET and MRI seek
to explain the
processes at work
in depression and
schizophrenia.”

Schizophrenia

© CEA

months. New therapeutic methods also draw
on data concerning dysfunctions in specific
regions in the brains of depressed patients who
do not respond well to classical treatment.

Schizophrenia is a chronic mental disorder that
starts during adolescence and is characterised
by social withdrawal, delirium and hallucinations. PET and MRI have shown deteriorations
in the regions involved in selecting conscious
information. By measuring the interactions
between the drugs generally used to treat this
disorder and dopamine receptors in the brain,
we can learn more about effective doses and
identify the regions of the brain involved in the
therapeutic effect or adverse effects. This
research work contributes to the development
of antipsychotic drugs.

Melancholic depression: fusion of a PET image measuring
regional energy activity with an anatomical MRI image of a
patient’s brain. Hypoactive areas are individually detected.

Schizophrenia: regions altered during response control in an
immediate memory task.
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> OTHER THERAPEUTIC APPLICATIONS

“Medical imaging and nuclear medicine,
fast-growing techniques in the treatment
of cancer.”

CANCER TREATMENT

From nuclear medicine to neurosciences

Positron emission tomography offers a unique
method for studying a drug’s action directly
in the human body. The selected tracer can
be the active ingredient of the drug or a physiological parameter representing its potential
impact. These studies are useful in determining
future dosages. Even beforehand, in the initial
phases of the discovery and development of
a drug, and right from the very first tests, PET
provides precious help in estimating the drug’s
distribution and its ability to act on a predefined target. At a very early stage, such studies
avoid the development of drugs with too many
adverse effects due to a poorly targeted active
ingredient. Later on in the development
process, the drug’s action is evaluated in
healthy subjects and patients to verify the
pharmacological concept of the compound.

Bronchial tumours with metastatic mediastinal adenopathies.

to obtain a much faster assessment of response
to treatment and make any necessary
improvements.

“With PET methods,
calculating the best
dosage and testing the
effectiveness of a drug
takes just a few days.”
Lastly, when there are specific markers for a
disorder, the drug’s effectiveness can be
precisely measured before the drug licence is
obtained. In this way, PET confirmed the
effectiveness of treatments aimed at slowing
down or stabilising the development of
Parkinson’s disease. In recent years, PET has
been behind the most spectacular progress in
drugs used to treat brain disorders.

THERAPEUTIC INNOVATION
In this area, the use of PET considerably
shortens the time required to obtain a new
drug licence and, at the same time, cuts the
development costs of new medicines. Using
conventional methods, for example, it took
eight years and several thousand patients to
determine dosage and minimum effective
doses of a drug for treating schizophrenia.
Using positron emission tomography, these
tests were performed in just a few days on only
eleven patients, yielding an even more precise result.
10 > Medical imaging

© Comstock

Nuclear medicine, which mainly makes use of
two isotope imaging techniques, is currently
seeing remarkable growth in the field of cancer treatment.
Scintigraphy uses radiotracers that emit a
single photon detected by gamma cameras.
Some radiotracers, in particular gallium-67,
used in lymphomas, or technetium-99m, used
in breast cancer screening, provide information
concerning increases in cell density or tumoral
lesion metabolism.
Scintigraphy is used for targeting specific
molecules and for metabolic imaging. It is also
a highly sensitive detection tool, especially
when the cancer traps the tracers intensively.
Positron emission tomography is used in lung
cancers, lymphomas, melanomas, cancers of
the digestive tract, ear, nose and the breast.
The radioactive tracer used here is a sugar
similar to glucose, labelled with fluorine-18
(18F-FDG). It is short-lived (half-life of about
110 minutes).
One specific feature of cancer cells is that
they increase their glucose consumption, with
the result that FDG tends to accumulate in
them preferentially. The distribution of this
compound can be analysed by PET to visualize
tumours. Healthy tissue can then be
differentiated from malignant tumours and
their metastases in a single examination. This
technique allows any relapse to be detected
earlier. FDG distribution can be analysed by
PET after administering a cancer treatment
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> MEDICAL IMAGING TOMORROW

THE CEA CONTRIBUTES TO THE DEVELOPMENT
OF NEW IMAGING METHODS AND INNOVATIVE
THERAPIES.

© PhotoDisc

Medical imaging
tomorrow

From nuclear medicine to neurosciences
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Functional imaging is growing very rapidly. New
methods are developed on a regular basis and
research studies in the field are carried out
on an increasing scale and on an ever greater
variety of topics. Its use in hospitals is growing
in frequency and intensity. The United States
was the first to take the full measure of this
requirement and the possible spin-offs of
imaging techniques. The CEA Frédéric-Joliot
hospital department is currently the only centre
in Europe offering all the methods for functional exploration of the human body on a single
site. It also includes fundamental research
laboratories and a clinical unit specialised in
nuclear medicine.
As seen earlier, gaining more insight into how
the human brain works will have a direct
impact on various health disciplines: neuroradiology and medical imaging, neurology,
neurosurgery and psychiatry in the adult and
child.
To achieve this, today’s scientists need tools
that are faster and even more precise, to push
back the boundaries of brain exploration.
Within this context, the CEA is working with
other national research organisations and universities to set up two new imaging centres:
– the first, NeuroSpin, is a centre for intense
field neuro-imaging. This is magnetic resonance
imaging using a magnet with a very strong magnetic field, working in conjunction with very
powerful computers. The sensitivity of the MRI
technique in observing deep organs increases
with the intensity of the magnetic field.
From nuclear medicine to neurosciences

“Two new technology
platforms for learning
more about the human
brain and curing
neurodegenerative
diseases.”
– the second, Imagene, is a pre-clinical imaging
platform designed for gene and cell therapy,
devoted especially to the treatment of neurodegenerative diseases like Parkinson’s and
Huntington’s diseases.
These centres are both located in the Greater
Paris region. Equipped with outstanding
resources and high-performance tools, they
will bring together top-level multidisciplinary
teams composed of physicists, neurobiologists,
psychologists, linguists, clinical practitioners,
doctors, virologists and imaging specialists.
These facilities will provide teams with the
means to continue and step up their research
activities and assess new imaging methods
and therapies. They will also provide training
for young doctors and researchers, while
helping to build up a centre of excellence in
neurofunctional imaging.
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