Medical imaging with gamma-ray astronomy techniques
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Introduction

The use of radiation for medical imaging is
a crucial part of the diagnostic process for
several ilnesses. Methods widely used in
gamma-ray astronomy have the potential
to improve imaging sensitivity by 500%,
benefiting the healthcare system, reducing
the patients exposure to radiation and
opening new diagnosis and treatment
opportunities.
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Gamma-rays are the highest energy
form of electromagnetic radiation. They
are generated in space, by objects
like supernovae, black holes and
neutron stars and on Earth, emitted by
radioactive materials present in nature.
Gamma-rays can only be blocked by
heavy metals like lead or tungsten and
can be used to examine processes that
occur inside the body.

Astrophysicists use coded mask
telescopes like INTEGRAL to map
sources of gamma-rays in space and
study how they are produced. Coded
mask telescopes collect up to 50% of the
radiation reaching them allowing them to
see very faint astronomical sources.
The INTEGRAL space telescope has
two main elements: a coded mask and a
radiation detector.
The coded mask is a tungsten layer with
a pattern of square apertures that blocks
part of the gamma-rays emitted by the
source in observation.
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Composite image of the Crab Nebula.
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Medical imaging

Single Photon Emission Computed
Tomography (SPECT) produces 3D
images of internal organs, aiding
the diagnosis of cancer and other
abnormalities in soft tissues.
SPECT cameras form images using
heavy lead structures called collimators
that select gamma rays coming from
speciﬁc directions and reject the rest.
They capture only 0.1% of the gammarays that reach them.

SPECT image of the brain

Patients are injected with a
pharmaceutical containing a radioactive
substance (tracer) that emits gammarays. A special camera detects the
gamma-rays, forming an image of the
organ or tissue under study.
Long exposures from many angles are
required to form the image. A SPECT
scan can last up to 40 minutes, during
which the patient is exposed to radiation
and required to remain still for the best
image quality.

Sky maps can be constructed by
analysing the shadows that the mask cast
onto the radiation detector placed below.

A diagram of the gamma-ray telescope INTEGRAL.

A SPECT machine with two cameras.

The Milky Way as seen by INTEGRAL.Image from R.
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My research

I am collaborating with the radiation
detection company Symetrica and the
University Hospital in Southampton
to develop a coded mask gamma-ray
camera for SPECT, and to demonstrate
that this technique can reduce SPECT
scan time and radiation dose for patients.

Software development

I developed software that analyses data from
the INTEGRAL space telescope and builds
2D gamma-ray maps of the sky. I expanded
and adapted the software to construct, in
real-time, 2D (left) and 3D (right) images of
gamma-ray sources in a laboratory setting.
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Camera design

The prototype camera I designed and
assembled is composed of 2 coded mask
heads that point at the source from two
angles. Each head works like a miniature
gamma-ray telescope.
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Conclusions

This research project represents the
ﬁrst step for the development of a new
generation of more efficient SPECT
scanners, which will bring several
benefits for the healthcare system.

Reducing scan time

Shorter SPECTS scans are
more comfortable for the
patient and hospitals could
perform more scans in one day.

Reducing radiation dose

Lower risk SPECT could be used for a
wider range of purposes, such as:

Images of small radiation
sources reconstructed
from data taken with the
prototype camera. The
camera reconstructs the
position of point-like (a)
and small line sources
(b and c) with a 5mm
spatial resolution,
comparable to current
SPECT scanners.
The algorithm will be
further developed for
improved image quality
and further tests will be
performed with bigger
and more complex
sources that simulate
human organs and
tissues.

• Patients could be scanned more frequently
for closer monitoring of their condition.
• Pediatric patients, who have a higher risk
of developing adverse effects to radiation,
may become eligible for SPECT.
• New radiopharmaceuticals with even lower
radiation emission could be developed.

