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EDITORIAL
Over the past few years, Nuclear Medicine
(NM) has undergone impressive growth with
the development of equipment and radiopharmaceutical products. These developments paved the way for personalized and
targeted medicine by offering practical solutions, especially in oncology, neurology,
and cardiology.

Innovation Focus will be the new innovation corner where various communities
(patients, physicians, decision makers) will
have the opportunity to discover or to re-visit the advantages and innovation brought
by NM.
The first issues of Innovation Focus will be
dedicated to the success stories in NM.

One of the highest barrier of NM stakeholders is to highlight the benefits of NM technologies despite of its negative reflects from
nuclear environmental crisis. AIPES believes
in the power of NM and is committed to disseminate toward patients, medical doctors
and decision makers how Nuclear Medicine
can improve patient management and how
it could respond to the unmet medical need
in the coming years.

Consensually, hybrid imaging can be considered one of the most successful in NM history and can be considered one of the most
famous ambassador by diagnosing and
treating hundreds of patients daily.
We wish Nuclear Medicine and Innovation
Focus long life!
Sebastien Ballet,

Chairman of the AIPES Innovation working group

Definitions

Hybrid imaging can be defined as a combination of two
tomographic modalities allowing the best understanding of the biological mechanism in a well-defined tissue or organ environment. While both nuclear medicine
modalities SPECT (Single Photon Emission Computed Tomography) and PET (Positron emission tomography) can bring almost any information about the
functioning of cells, deep and precise morphological
descriptions can be obtained with conventional X-ray
computed tomography (CT) or magnetic resonance
imaging (MRI). In a same procedure physicians can
obtain from a patient anatomical, morphological and
functional imaging for a highly improved diagnosis.
Nowadays SPECT/CT, PET/CT and PET/MR are available for applications in multiple indications and were
strongly improved with the recent developments of dedicated software.

History

Individual imaging technologies have been developed
over the years following the discovery of X-rays. As early
as 1895 the publication of the first image of the X-rayed
hand of Mrs. Roentgen by her husband Wilhelm created
such a wide interest that it led to the birth of a new medical field, namely radiology. Within five years following this
discovery, these tools were implemented in mobile units
developed by the army. Measuring radioactivity in a proper manner useful for medical imaging needed the invention of scintillation crystals and photomultipliers that
became available after 1944. The first rectilinear scanner was invented in 1950 and the first gamma camera came to the market only in 1957, In the meantime, in
1953, the coincidence detectors discovery signed also the
birth of PET imaging. From 1962 on, the progresses were
constant in terms of evolution of both SPET, later SPECT,
and PET cameras, but it is only by 2001, that hybrid PET/
CT cameras became available while hybrid PET/MR
cameras were introduced in 2010. In the meantime both
contrast agents for CT and MRI but above all new tracers
for PET and SPECT imaging contributed to the growing
interest in these imaging technologies.

Tomography

The word Tomography stands for the mathematical
procedure to reconstruct images taken by sections with
the aim to transform them in first several two dimensional pictures, which when combined can provide three-dimensional representation. Adaptation of this technology led to the development of CT, SPECT, PET and MRI
scanners.

SPECT

SPECT allows the reconstruction of three dimensional
images from a gamma emitting tracer that has been
accumulated in a tissue or an organ. SPECT benefits
from the large number of different tracers that have
been developed over the past fifty years with a major
recognition for 99mTc-labelled agents. SPECT imaging is
applied with tracers based on other radionuclides such
as Iodine-123 or Thallium-201.
SPECT is able to provide very informative diagnosis in
cardiology, neurology and oncology.

Advantages of SPECT/ CT

SPECT/CT applications are primarily to be found in oncology with examples of superiority to SPECT alone
demonstrated in the localization of node distribution
in breast cancer (lymphoscintigraphy), in higher quality
bone imaging showing efficient applications in musculo-skeletal imaging and even better in extremity imaging
(hands and feet). Further examples of the superiority of
SPECT/CT have been shown in the assessment of endocrine and neuroendocrine tumours or in the better
identification in adrenal masses. This hybrid technology is also explored in pulmonary embolism, as well as
in parathyroid and thyroid imaging. Last but not least,

available, starting with Rubidium-82. Also, next to new
tracers, new positron-emitters radionuclides associated
SPECT/CT allows performing SPECT with good atte- to these tracers have appeared in the recent years and
nuation correction in cardiology, improving both the will develop in parallel to Fluorine-18, in particular with
quality of images and diagnosis, including the stratifi- Gallium-68 or Zirconium-89.
cation of patients at risk for Coronary Artery Disease.
SPECT/CT allows more precise anatomical lesion loca- PET/CT developed very rapidly the market as the first
lization, more accurate quantification based on attenua- real hybrid imaging tool with all PET devices sold nowation correction and a better identification of functional days being combined tools.
abnormalities in oncology.

PET

The principle of PET, namely the acquisition of signals
from two simultaneous gamma rays emitted in opposite directions itself consequence of the annihilation of
a positron, is known since 1953 (invention of the coincidence detector). It took another 30 years to develop
a camera that could fulfil the interest of the physicians,
but the real development of PET was linked to both the
availability of tracers and the creation of the associated
production network as well as the improvement in calculation capacity of computers and associated highspeed electronic processing system.
PET has initially been a tool for imaging in neurology
and cardiology but developped principally in oncology
as a result of the large availability of the broad spectrum tracer called fludeoxyglucose (FDG), synthesized
for the first time in 1976. In the meantime new tracers
have been developed for other specific oncology applications, but also for original neurology indications.
Eventually new tracers for PET cardiology became also

Advantages of PET/CT

Recent clinical studies have demonstrated advantages
of PET/CT over other modalities including non-imaging
modalities. In prostate cancer imaging, a new generation of 68Ga-labeled tracers showed more specificity
than with other imaging modalities or with CT alone.
In head and neck cancer PET/CT was better at detecting cancer cells after primary radiochemotherapy than
traditional neck dissection surgery. These are just examples of advantages and even superiority of PET/CT
over CT or MRI and more demonstration will definitely
follow soon.

Advantages of PET/MR

PET/MR is the most recent hybrid technology introduced in clinical practice in 2010. It combines the functional imaging potential of PET with the high resolution
of morphological imaging with MRI. The hybrid systems
support the key objectives of providing routinely aligned
anatomic and metabolic images with the aim to improve
diagnostic accuracy through increased soft tissue differentiation. Additionally dynamic and functional informa-

PET/MR whole body imaging:
Metastatic prostate cancer detected with 11C-Choline PET/MRI

tion can improve quantification of the PET data, lesion
localization and facilitate dose-conscious imaging protocols when compared to PET/CT. PET/MR is still under
exploration and regularly new applications are found
that give advantage to this new combined modality.
As with PET/CT, PET/MR could find applications in almost any indication in which PET/CT is already routinely in use. Additionally contrast agents used in MRI
can bring other information not seen with CT while MRI
would be the preferred imaging tool for soft tissue on
the contrary to CT which is ideal for bone imaging. Application of PET/MR in oncology provides improved
cancer development staging compared to PET/CT, in
cardiology allows better loco-regional motion correction
and quantification and in neurology brings information
about the combination anatomy, cerebral activity and
brain connectivity.

Evolution

In terms of signal acquisition, the evolution of the equipment results from the introduction of high-speed electronic processing and the development of new types of
crystals which provide much higher resolution. These
technologies allowed to divide by ten the time spent
by a patient in a scanner for a whole body PET image.
Newer generations of crystals are already tested in the
research labs with the aim to increase sensitivity, volumetric resolution and quantitative accuracy. Technical enhancements will also improve respiratory-gated
image acquisition. SPECT and PET systems will pro-

gress in reducing patient’s exposure to ionizing radiation, will allow faster acquisition, further expand clinical
indications, and allow to extract more clinical information (such as absolute quantification, parametric imaging, dosimetry) to become even more clinically sensitive and specific. Also a recent evolution of hybrid
imaging includes the integration of PET/ CT into radiation therapy planning and execution. Additionally hybrid imaging will play an important role in the development and use of individualized therapies (theranostics).
Eventually everybody is expecting further price decreases of hybrid equipment. However the major advantages of all these hybrid tools will be linked to the
introduction of a completely new generation of SPECT
and PET tracers, linked to new radionuclides such as
Gallium-68 or Copper-64, in particular molecules able
to select patients that will be positive responders to
specific therapies.

CT: Computed Tomography (X-rays)
MRI: Magnetic Resonance Imaging
PET: Positron Emission Tomography
SPECT: Single Photon Computed Tomography
SPET: Single Photon Tomography

