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Letter to the editor.

Will high-resolution/high-sensitivity SPECT ensure that PET is not the only survivor in
nuclear medicine during the next decade?

In a recent issue of the journal, Abass Alavi and Sandip Basu [1], on the one hand, and
Giuliano Mariani, Laura Bruselli and Andriano Duatti [2], on the other, debated the future of
planar scintigraphy and single photon emission computed tomography (SPECT) in the face of
an ever better performing positron emission tomography (PET). The pros and cons for the use
of single photon emitters, positron emitters and the related tracers were thoroughly discussed.
It is however our opinion that the discussion relating to the physics and technology of SPECT
was biased by the side-stepping of the most recent advances in SPECT, although some points
were briefly raised by Mariani et al [2].

From the beginning, PET was developed as a fully tomographic technique [3]. In the pioneer
studies, the detectors, although very limited in number in those early times, were
already being placed around the patient’s body. Breakthroughs in crystal technology,
electronics, attenuation correction, scatter correction and tomographic reconstruction (Fourier
rebinning, 2D and 3D iterative reconstruction including resolution and/or time-of-flight
consideration) have allowed us to benefit from all the information collected by the detectors.
This has led to the modern PET scanners with annular detectors and an axial field-of-view of
15-25 cm with full quantitative 3D tomographic capabilities [4-5]. Meanwhile, SPECT
continued to be performed with a rotating parallel collimated Anger camera. The only major
advances were the dual-head and triple-head cameras, which increased the sensitivity, and the
iterative reconstruction algorithms, which improved the overall image quality [6].

Since the beginning of the 1990s, considerable efforts have been focussed on developing high
resolution SPECT systems by replacing the traditional parallel hole collimators with
converging collimators such as fan-beams, cone-beams, cardio-focals, slit-slat collimators
and, last but not least, pinholes [7]. Pinhole SPECT was primarily studied in the context of
small animal imaging [8-9]. In the beginning, a single pinhole mounted on a commercial
Anger camera was used [8]. Systems with multiple pinhole with or without the multiplexing
of the projections were quickly developed and finally non rotating systems with a large
number of small pinholes came onto the market [9]. Such systems combined high resolution,
high sensitivity and collection of the data needed for tomographic reconstruction, without the
need to rotate the detectors. This meant that dynamic studies became as easy in SPECT as
they were in PET, and with an even better spatial resolution [9].

Meanwhile, a few studies were being devoted to the application of single pinhole SPECT to
humans. They demonstrated the feasibility of pinhole SPECT studies of limited volume of
interest (VOI) under not too restrictive conditions: projections could only be collected over
180° around the VOI [10-11]; the distance from the pinhole aperture to the VOI center did not
necessarily need to be kept constant [12]; the pinhole could be moderately tilted [10-12] and
the detector uniformity requirements were shown to be comparable to those needed for
SPECT with conventional parallel hole collimators [13]. Moreover the introduction of
resolution recovery in the iterative reconstruction process was shown to be dramatically
effective both in improving the resolution and lowering the noise content of the images [14].
The studies were not limited to the technical feasibility of pinhole SPECT in humans and
clinically relevant results of the method were reported [15-16].
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Combining the results obtained in humans using single pinhole SPECT with progress made in
small animal pinhole SPECT would lead to stationary pinhole SPECT cameras for the
exploration of limited VOI in humans. These systems would allow a new compromise
between overall image quality, acquisition time, patient dose, diagnostic accuracy and
diagnostic confidence. It is a matter of public record that active research in this direction has
emerged from the recent 2008 IEEE Medical Imaging Conference in Dresden [17-24].

The high intrinsic spatial resolution of solid state detectors that are likely soon to come onto
the market [7], should ease the use of multi-pinhole by demanding a smaller geometrical
zoom factor. Also their improved energy resolution should help to discriminate and reject
scattered photons [25], reducing the need for a powerful scatter correction method. This
contrasts with PET where, in 3D-mode, scattered photons can be the majority of the detected
coincidence events.

With the use of CT data, attenuation correction is as straightforward in SPECT as in PET,
providing that iterative reconstruction is used. This was demonstrated in the first SPECT-CT
prototype by Bruce Hasegawa and co-workers [26-27] and has been successfully applied by
the first commercial SPECT-CT system [28]. This contradicts Alavi’s affirmation [1] that
attenuation correction can only be optimal for PET.

Stationary systems based on multi-pinhole and eventually new γ-detectors would make
SPECT of limited VOI in humans faster, better and eventually dynamic. These VOI could be
large enough [9] to allow exploration of the brain, the heart, the parathyroid, the thyroid, and
some bone regions, such as the ankle, cervical spine, knee, shoulder and wrist, where high
resolution and sensitivity are needed. These stationary systems would also allow, to the
greater benefit of the patient, the use of the tracers now available and give radiochemists the
opportunity to pursue research on both single-photon and positron emitting tracers. In the
light of events of the last few years in America and Europe, a possible shift from single-
photon to positron emission imaging cannot possibly come from the instrumentation (where
progress is actually much more rapid in SPECT than in PET), but from the supply of the
emitters.

It is a common experience that the future is hard to predict. This is probably even more true in
the case of research outcomes and how these will affect daily life or, in this context, how they
will change the clinical use of the various imaging modalities. We merely suggest that we
should believe in the very active and productive research in the field of nuclear medicine and
trust in the power of the industry to translate some of the research advances into commercial
products with an acceptable level of patient cost-effectiveness, as it was demonstrated in the
last decade for PET-CT and SPECT-CT. Clearly dynamism is still present in SPECT and in
PET and at the heart of nuclear medicine as it has been for so many years.

Is it possible that the next months could represent a wonderful tribute to the memory of Bruce
Hasegawa [29], who nearly started his research in the field by studying a multipinhole system
for the heart [30] (and reinvestigated these systems recently [20, 31]) and who invented
SPECT-CT [26], through the launch of a commercial multi-pinhole SPECT or SPECT-CT
system? We will see, but, whatever happens, thank you and good bye Mister
Hasegawa.

Prof. Alain SERET
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