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Abstract: Total body positron emission tomography (PET)
systems are being developed by different groups world-
wide. These systems have potential to change the number
of applications in which molecular imaging is used. The
change froma short axial field of view (FOV) to a longer one
is however associated with a linear increase in the cost of
these systems. This may limit their application to a small
number of centers (capable of obtaining sufficient research
funding). Therefore it remains interesting to see if lower
cost systems can be developed and bring total body PET to
the clinic for an acceptable budget. The wider availability
of this low cost system can also enable more researchers to
further optimize and explore the full potential of total body
PET.
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Introduction

The current clinical positron emission tomography (PET)
systems [1] are based on detector modules [2, 3] (combi-
nation of scintillation material, light detector and elec-
tronic readout). These are grouped in complete detector
rings and a system is then composed of a certain number of
detector rings (typically 3–5 rings of each 3–5 cm axial
length). Most recent systems are time-of-flight (TOF) PET
systems [4, 5] which measure the time difference of both
photons.More recently the readoutwith large conventional
photomultiplier tubes has been replaced with solid state
silicon photomultipliers (SiPMs) [6, 7].

The concept of total body PET is now to further extends
the system with multiple rings (up to 1–2 m). These long

axial field of view (FOV) systems have been extensively
simulated by several groups [8–10] to optimize the design
before building them. One of the conclusions from these
studies is that for a single organ sensitivity is not much
increasing after 70 cm length. The further extension is
particularly helpful to boost the sensitivity in cases where
weare imaging a long object (like the patient body or at least
the torso). This type of studies (full or partial body) iswhat is
done in about 90%of the clinical studies and therefore there
is also interest in total body PET for clinical routine. In this
manuscript we will first give an overview of current tech-
nology and then go into detail on different possible sce-
narios for further optimization of total body PET.

Overview of recent developments

The first clinical total body PET system (so called Explorer
[11]) has been aiming for a maximization of the solid angle
coverage. When the full body should be imaged this seems
a logical choice as no patient motion is required anymore
[12]. Without any doubt this is the also the most interesting
configuration for researching the potential of total body
PET. There are also three disadvantages:
(1) The long bore may create claustrophobia in some

patients. This effect may be limited as we are typically
using short duration exams.

(2) The footprint of such a system is clearly higher than
other clinical PET-CT systems. This may limit its inte-
gration in existing clinical PET centers which are often
space constraint.

(3) The long axial FOV is associated with a very high total
cost.

An alternative configuration has been designed by UPENN
[13] andSiemensbasedon theVision system. Thefirst UPENN
system has a length of 140 cm and the second has a length of
106 cm. The associated sensitivity reduction (due to reduced
axial length compared to Explorer) is compensated by an
improvement in TOF (from 400–500 ps to 200–250 ps)
resulting in an increase in the so-called effective sensitivity.
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This does however not solve the limited axial length of the
patient seen in one bed position. In most of the current nu-
clear medicine studies the imaging range is however limited
from head to thigh.

Future directions for total body PET

These three total body PET systems outperform current
PET-CT systems with an increase in sensitivity of 20–40 for
body imaging (at the expense of a much higher cost).
Compared to current technologies one can further improve
these systems by enhancing TOF resolution (towards
100 ps) and improving system spatial resolution (towards
2 mm). Improvements in photodetectors, time estimation
algorithms and other detector configurations like mono-
lithic detectors [14] have been investigated by different
groups and can improve the next generation of TB-PET
systems [15].

While the much higher sensitivity of current TB-PET
system is surely interesting for serving all research de-
mands (ultra-low dose, new paradigms, novel tracers,
brain body interactions) one can question whether this
large increase is required for all nuclear medicine physi-
cians interested in TB-PET. The associated high costs of
these systems (3–4 times higher than a current PET-CT)
seem also a barrier formost departments to even consider a
TB-PET system.

For a lower cost TB-PET system different options are
available:

We will first explain how one can reduce the costs for
the hardware. PET detectors are the most expensive com-
ponents in PET systems as they are composed of expensive
scintillation crystals, typically L(Y)SO in current systems,
costly SiPMs and readout electronics [1].

The first option to reduce the cost per detector unit is
to reduce the crystal thickness, as PET works in coinci-
dence mode the sensitivity will drop roughly quadrati-
cally by reducing the thickness of the detector by 50%. In
a simulation study [16] systems with different axial
lengths from 20 to 75 cm and constant total scintillator
volume were simulated. The optimal thickness (with
LYSO) was 10 mm and an axial length of 36 cm. In general
however thinner crystals will also have better TOF per-
formance, so some compensation will occur via the gain
in effective sensitivity.

A second method to reduce the cost is to reduce the
number of readout channels and SiPMs with techniques
like sparse SiPM coverage and multiplexing of the data. A
third method is to introduce gaps in the detector cylinder
and reduce the total amount of detectors. This can be done

inside each transverse ring or by omitting rings in the axial
direction. One of the advantages of the recent PET scanners
is their TOF capabilities. This additional TOF-information
per measured event makes the reconstructed image
less sensitive to missing data. Sensitivity loss is always
determined by the number of detected coincidences and
therefore sensitivity will drop by a factor of 4when deleting
e.g. half the rings or half the number of detectors. A fourth
method is to use alternative detector technologies, like
readout at axial or replace the expensive scintillators with
plastic scintillators [17].

A third hardware method is to design a detector that is
specifically designed for total body PET. One idea is to use
radially oriented crystals [18]. These are long crystals along
themain axis of the scanner. Less readoutwould be needed
as it is only required at the axial ends. A similar approach
but based on plastic scintillators is proposed by the
group in Krakow [19–21]. Besides reducing the number of
detectors one can also reduce the cost of scintillator: cost
per volume is about 80 times lower than L(Y)SO.

Besides working on the “hardware” one can also
improve the images (and indirectly reduce the cost of the
system) for a given amount of counts with “software”. PET
has a relatively high sensitivity and image reconstruction
and postprocessing can further improve the quality. The
first method is introducing prior information in PET
reconstruction. Different papers have shown that this can
lead to a significant noise reduction for a given count level.
These methods can also be combined with total body PET
systems and may compensate for lower count levels in
alternative designs. Besides reconstruction also a second
method, so called post reconstruction deep learning based
denoising can be used [22]. The estimate is that a possible
reductionwith a factor of 4 in counts is possible andmaybe
applied to total body PET scanners. Deep learning was also
used to derive full-dose PET images from 1/10th dose PET
images [23].

Conclusions

Total body PET is being introduced recently in research and
clinical centers. Up to now it has fulfilled all promises
(Ultra-low dose, late imaging, ultrafast imaging).While the
first systems are aiming at ultra-high sensitivity (with the
downside of high acquisition and maintenance costs),
there are clearly alternatives with other detector configu-
rations investigated for lower cost total body PET (some-
where in-between the current 20–30 cm axial FOV clinical
PET-CT and the first high end total body PET). Several
iterative reconstruction and deep learning denoising
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methods have the potential to enhance the image quality of
such “reduced” Total Body PET systems.
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