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Abstract
Emerging applications for positron emission tomography (PET) may require the ability to image
very low activity source distributions in the body. The performance of clinical PET scanners in the
regime where activity in the field of view is <1 MBq has not previously been explored. In this
study, we compared the counting rate performance of two clinical PET/CT scanners, the Siemens
Biograph Reveal 16 scanner which is based on lutetium oxyorthosilicate (LSO) detectors and the
GE Discovery-ST scanner which is based on bismuth germanate (BGO) detectors using a
modified National Electrical Manufacturers Association (NEMA) NU 2-2007 protocol. Across the
activity range studied (2-100 kBq/mL in a 5.5 mL line source in the NEMA scatter phantom), the
BGO-based scanner significantly outperformed the LSO-based scanner. This was largely due to
the effect of background counts emanating from naturally occurring but radioactive 176Lu within
the LSO detector material, which dominates the observed counting rate at the lowest activities.
Increasing the lower energy threshold from 350 keV to 425 keV in an attempt to reduce this
background did not significantly improve the measured NECR performance. The measured singles
rate due to 176Lu emissions within the scanner energy window was also found to be dependent on
temperature, and to be affected by the operation of CT component, making approaches to correct
or compensate for the background more challenging. We conclude that for PET studies in a very
low activity range, BGO-based scanners are likely to have better performance because of the lack
of significant background.
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1. Introduction
Clinical positron emission tomography (PET) scanners have been designed and optimized
for imaging injected radiotracer doses in the range of ~50–750 MBq. However, a number of
emerging applications for in vivo imaging may utilize orders of magnitude lower injected
activities. For example, radiolabeling of cells and drug carriers such as nanoparticles can be
limited by radiotoxicity and/or the number of cells/particles, with injected doses as low as
0.5–5 MBq. Under these circumstances, sources of noise and background that are
insignificant at the counting rates generated by conventional injected doses may become
limiting for signal detection and quantification.

In this study we assessed the counting rate performance of two clinical PET scanners, based
on different detector materials, as the activity in the field of view decays to near background
levels. One scanner (Siemens Biograph Reveal 16) utilizes detectors based on the scintillator
lutetium oxyorthosilicate (LSO, Lu2SiO5:Ce), while the second scanner (GE Discovery-ST)
uses the scintillator bismuth germanate (BGO, Bi4Ge3O12). The goal of this study was to
investigate the performance of these two widely used clinical scanners in the poorly studied
regime in which very low activity radiotracer concentrations are contained in the imaging
field of view, and determine if there are significant differences between them. A secondary
goal was to better understand factors that influence performance at low activity
concentrations. Because LSO scintillator contains a small amount of naturally occurring
radioactive 176Lu, which produces a non-negligible signal background, we hypothesized that
the two clinical scanners may behave very differently at low activity concentrations.

To evaluate the Biograph and Discovery-ST counting rate performance, we used the widely
adopted National Electrical Manufacturers Association (NEMA) protocols for decay series
counting rate measurements [1], which were adapted for low-activity studies using
previously published recommendations [2]. Based on our findings with these measurements,
we supplemented our assessment by evaluating the relationship between temperature and
scanner counting rate.

While counting rate performance has previously been measured for both the LSO-based
Siemens Biograph and BGO-based Discovery-ST scanners, these studies focused on typical
clinical radioactivity concentrations [3–7]. Although the magnitude of the signal background
resulting from natural 176Lu in LSO-based scanners has been characterized [8–10], there is
only one published study to our knowledge that examines the effect of 176Lu background on
measurements of weak sources in the field of view of a preclinical scanner [11]. We know of
no previously published studies that have compared the performance of clinical scanners
based upon the most common PET detector materials LSO and BGO in this low-activity
range. Extrapolation of the results from a preclinical scanner is not straightforward, because
of the 20–40-fold lower volume of scintillator material, and differences in energy resolution
and typical energy windows employed. The major contribution of this work therefore is to
compare two clinical scanners based on different detector materials to determine the effect
of radioactive background on low-count measurements using standard assessment tools
based on the NEMA protocol. The results from these studies should be of interest to those
wishing to image very low activity concentrations on clinical PET/CT scanner platforms.

2. Materials and Methods
2.1 PET Scanners

The characteristics of the PET scanners used to obtain measurements are summarized in
Table I. The two clinical whole-body PET/CT scanners evaluated, the GE Discovery-ST and
the Siemens Biograph Reveal 16, were in routine clinical use at the time the measurements
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were made. The Biograph scanner utilizes modular detectors based on LSO scintillator
coupled to photomultiplier tubes (PMTs). LSO contains a small amount of naturally
occurring radioactive 176Lu that has an activity of approximately 330 Bq per cc of LSO
material. The Discovery-ST scanner uses modular BGO-based scintillation detectors; BGO
has negligible natural radioactivity and typically has no significant radioactive contaminants.
Other than the different scintillation materials used, the two scanners studied are very
similar in terms of overall detector and scanner geometry.

For whole-body clinical PET scanners there has been a trend towards LSO (or closely
related LYSO) based scanners because LSO has higher light output and a fast signal decay
time which leads to better timing resolution and reduces dead time for event detection at
higher counting rates compared with BGO-based scanners [12]. However, BGO has a
somewhat higher linear attenuation coefficient at 511 keV (0.95 cm−1 versus 0.87 cm−1 for
LSO), thus it has a higher probability of detecting an annihilation photon emitted from the
subject. This, combined with the lack of background due to intrinsic radioactivity, suggests
that BGO may be a better choice when imaging at low activities.

2.2 Phantom
A standard cylindrical NEMA NU 2-2007 scatter phantom (Data Spectrum Corp,
Hillsborough NC) was used for all counting rate measurements. The phantom is a solid right
circular cylinder with a diameter of 20.3 cm and a length of 70 cm made from polyethylene.
The phantom has a 6.4 mm diameter hole along its axis, located at an axial offset of 4.5 cm
from the center of the cylinder, which holds 3.2 mm internal diameter tubing that is filled
with a known quantity of radioactivity.

2.3 Sources
18F (in the form of 18F-fluorodeoxyglucose, FDG) was obtained from PETNET
(Sacramento, CA) for studies on the Biograph scanner and IBA Molecular (Gilroy, CA) for
studies on the Discovery-ST scanner. Supplied 18F activities were verified using clinical
dose calibrators at each site. 18FDG solutions were well-mixed, and dilutions were
performed by weight and volume. To enable comparisons between the two scanners, a cross-
calibration between dose calibrators at each site was performed using a 7.4 MBq 137Cs
source. A volume of 5.5 mL of 18FDG solution was used to fill the tubing along the axial
extent of the scatter phantom. Measurements were made starting with an initial activity in
the line source of ~600 kBq, and continued until the source activity had decayed to ~ 2 kBq.

2.4 Counting Rate Measurements
Counting rate measurements followed a modified version of the NEMA NU-2-2007
counting rate procedure [1, 2]. This included both a high-statistics NEMA scatter fraction
measurement and the standard NEMA counting rate analysis with provisions for scanners
with intrinsic radioactivity.

For the Biograph scanner, low-activity decay series were acquired for line source activities
ranging from 106 kBq/ml to 2 kBq/ml with the 6 ns default timing window and a 375–650
keV energy window. To study the effect of the energy window on low-activity counting rate
performance, data were also acquired using a lower energy threshold of 350 keV and 425
keV over a more limited activity range of 13 kBq/ml to 2 kBq/ml. Additional scans were
acquired to measure the scatter fraction for each energy window. The activity in the line
source was chosen to minimize the randoms-to-trues ratio in accordance with the
recommendations of Watson et al. [2].
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The decay series on the Discovery-ST scanner was acquired as line source activity decayed
from 233 kBq/mL to 0.1 kBq/mL, using the default 11.7 ns timing window and a 375–650
keV energy window. Previously published Discovery-ST scatter fraction values using the
NEMA NU-2-2007 protocol were used in the analysis [3]. On both scanners, prompt and
random coincidences were acquired simultaneously, with random coincidences acquired by
using a delayed coincidence window.

On each scanner, a background (phantom in scanner, but no source) counting rate
acquisition was performed per recommendations by Watson et al. [2]. A 12-hour
background dataset was acquired for each lower energy threshold setting on the Biograph
scanner, and a 24-hour background data set was acquired on the Discovery scanner.

Prior to each PET acquisition, an x-ray computed tomography (CT) scan was acquired for
phantom positioning and to verify the absence of air bubbles in the phantom line source. For
the Biograph scanner, a three bed position CT acquisition was performed with an effective
tube output of 200 mAs and a tube voltage of 120 kVp. For the Discovery-ST scanner, a
whole body CT acquisition was performed with a of tube output of 392 mAs and a tube
voltage of 120 kVp.

Data were histogrammed into single-slice rebinned sinograms with ring difference 17 and
span 7 using a custom Matlab script for the Discovery-ST data and scanner software for the
Biograph data. All segments were subsequently combined to form a single sinogram
containing all lines of response (LORs). This is the same sinogram configuration used in a
previously published NEMA count rate study by Martinez et al. [5].

2.5 Counting Rate Analysis
Analysis of the counting rate data from each decay series was performed according to the
methodology described in the NEMA NU 2-2007 standard [1], with provisions for scanners
with intrinsic radioactivity [2]. Sinograms from the first frame of each emission scan were
cropped and shifted such that the maximum value in each projection angle was aligned with
the central pixel of the sinogram. The mapping between the original and shifted sinogram
was stored and applied to each successive frame such that proper source positioning was
preserved as activity decayed to background levels. The same mapping was also applied to
random and background sinograms. Each shifted sinogram slice was then summed across all
projection angles to form a one-dimensional profile. From the measured prompt, random
and intrinsic background counting rates, as well as the scatter fraction, the noise equivalent
counting rate was calculated as a function of the line source activity concentration for the
two scanners.

2.6 Sinogram Contrast-to-Noise Ratio (CNR) Analysis
Biograph and Discovery-ST decay series sinogram planes were summed to yield a single
transaxial sinogram for each acquisition frame. The first four frames of each acquisition
were summed to form a high-statistics sinogram, and a source region-of-interest (ROI) was
defined by applying a threshold to this sinogram. A background ROI was defined for the
Biograph scanner to be 38.7 mm (6 sinogram bins wide) on each side of the source ROI, and
offset from the source by 25.8 mm in each direction. For the Discovery-ST scanner, the
background ROI was defined to be 37.8 mm wide (6 sinogram bins wide) on each side of
the source ROI, and offset from the source by 25.2 mm in each direction. The slight
difference in dimensions between the two scanners reflects differences in the radial
sampling of the sinogram bins. The standard deviation within the background ROIs was
taken as a measure of the noise. The CNR was defined as:
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(1)

This metric provides a second measure and is related to the detectability of the line source as
a function of its activity concentration. For a given source geometry and activity, higher
CNR implies better detectability.

2.7 Effects of Temperature
Based on unanticipated trends in the intrinsic background, and evidence that these findings
might be temperature-related, we investigated the relationship between temperature and
background counting rate measurements for the clinical Biograph scanner. LSO light output
and PMT gain, are known to have temperature dependencies around room temperature. The
magnitude of the dependence depends on the specific scintillation crystal sample and PMT
type [13–18].

Biograph background acquisitions were performed with a 6 ns timing window and 350–650
keV energy window. Instantaneous singles measurements were recorded on a block-by-
block basis over extended periods of time (up to 6 hours). Simultaneously, external scanner
temperature was measured with a thermometer (DeltaTRAK Professional, Pleasanton CA.
Model No. 08J1) taped to the interior of the scanner bore and internal temperature was
measured via sensors on the scanner electronic boards. Room temperature was modulated by
a central air conditioning system and was not manipulated other than natural cycling of the
system around its set point.

Single event rates were recorded and used for subsequent analysis, as they are much higher
than prompt and random counting rates and thus have less statistical uncertainty. Using the
Matlab Curve Fitting Toolbox, linear least-squares regression was performed on singles data
to evaluate the relationship between temperature and counting rate measurements.

3. Results
The intrinsic counting backgrounds (prompts and randoms) measured in the two scanners
(phantom present, but containing no activity) are shown in Table II. For the Biograph
scanner, measurements at different lower energy thresholds show the effect of energy
windowing on the background due to natural 176Lu in the scintillator material. The majority
of the detected events are random coincidences. The background in the Discovery-ST
scanner is negligible and almost all events are true coincidences with very few randoms. The
small number of detected coincidence events may come from high-energy cosmic rays
passing through the detector ring and interacting twice.

For the Biograph scanner, the scatter fraction used in the NECR calculation was measured as
described using high-statistics scans. Scatter fraction values were 0.43, 0.40, and 0.34 for
lowerlevel energy thresholds of 350, 375, and 425 keV, respectively. For the Discovery-ST
scanner a literature value of 0.45 for the scatter fraction in the 375–650 keV energy range
was used [3].

Figure 1 shows decay series counting rate measurements for the 375–650 keV energy
window over a line source activity range of approximately 2–100 kBq/ml. The intrinsic
background rates from Table II, which were acquired at a different time, also are shown.
The plots are shown on a logarithmic scale to improve visualization over the large dynamic
range of the measurements, especially for the lower activity measurements that are the focus
of this study.
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Figure 2 is a comparison of the Biograph and Discovery-ST NECR curves up to an activity
of 100 kBq/mL, and sinogram CNR values up to an activity of 40 kBq/mL. All data
correspond to an energy window of 375–650 keV. The Discovery-ST scanner consistently
had higher NECR values and CNR than the Biograph scanner, and the large difference in
these values at low activities is primarily due to the effects of the higher intrinsic
background present in the Biograph scanner. At the regular activities used in clinical studies,
differences in NECR values between the two scanners are less pronounced.

Figure 3 illustrates the NECR curves and CNR results for the Biograph scanner as the lower
energy threshold is varied. There is a trend towards slightly better CNR performance at
higher energy thresholds. However, because the performance is dominated by the
background 176Lu signal, and since this background is not a strong function of the energy
threshold over this range of practical lower energy threshold settings (see Table II), the
effects were modest.

At the lowest investigated activities, we noted that the rate of true coincidences measured on
the Biograph scanner was sometimes lower than the average measured background
(intrinsic) trues rate for the scanner (Figure 1). Random statistical fluctuations were ruled
out as a cause. One possible explanation for this observation would be small shifts in the
measured background rate over time. Because the background events dominate the
measurements at the lowest activity levels studied, even small effects can significantly
impact data collected in this low-activity regime, whereas they may be quite insignificant
when larger activities are present in the field of view. One plausible cause for shifts in the
background event rate could be changes in temperature, as both LSO light output and PMT
gain are known to have temperature dependencies and background events have a broad
energy distribution that make the counting rate within an energy window susceptible to
changes in the signal amplitudes. As described in the methods section this prompted further
studies to look for correlations between temperature and counting rates.

Figure 4 illustrates the observed relationship between temperature and intrinsic singles rate
for two separate long acquisitions obtained on the Biograph scanner. There was a tendency
for temperature to steadily increase by 0.5–0.6°C over a multi-hour acquisition time.
Furthermore, when the singles rate was plotted as a function of temperature, there was a
clear correlation. The R2 values for linear-least squares regression were 0.78 and 0.74 for the
two acquisitions. The results presented here are for external temperature measurements that
had a precision of 0.05°C. On-board temperature measurements (not shown) were of poorer
precision, 0.1°C, which was insufficient given the small range over which temperature
fluctuated during the acquisition time. Nonetheless, we found that on-board temperature
measurements were consistent with external (interior of scanner bore) temperature
measurements.

A further interesting and possibly related observation occurred when recording counting
rates immediately following a CT scan on the Biograph PET/CT scanner. Figure 5a shows
the observed intrinsic singles rate for another long acquisition during which two CT scans
were performed. The data shows there are discontinuities immediately after the CT scan is
performed, when temperature (as recorded by the DeltaTrak thermometer attached to the
scanner bore) and the recorded singles event rate decrease significantly. Following a CT
scan, the observed singles rate was best fit with an exponential function with time constants
in the range of 6–8 minutes (R2 values 0.89 and 0.90 for the two datasets). Closer inspection
of singles data revealed that the strong trends in Figure 5a could be attributed almost entirely
to the PET detectors in the ring closest to the CT scanner. The change in singles counting
rate coincided with a small drop in the measured temperature that occurred immediately
after CT scanning (Figure 5b), and once again the singles rate was strongly correlated with
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temperature (Figure 5c), and with R2 values of 0.81 and 0.80 for the data acquired following
each CT scan. These trends suggest that operation of the CT scanner component on the
Biograph scanner may perturb the PET system temperature such that background counting
rate measurements are transiently affected for tens of minutes afterwards. Another possible
explanation for this effect (either alone or in combination with temperature related effects)
would be LSO phosphorescence [18,19], a slow decay component caused by the population
of traps in the scintillator by the high flux of scattered x-rays from the CT scanner. This
slowly decaying component could create a large number of low-amplitude pulses that trigger
the discriminators. Since these are below the energy threshold, they are not recorded, but
they will increase dead time and thus may reduce the observed singles rate.

In contrast to these results, no correlation between temperature and counting rate was
observed for measurements taken on the Discovery-ST scanner.

4. Discussion
Biograph scatter fraction and intrinsic counting rate measurements were consistent with
previous investigations with the same PET scanner [4, 9]. Intrinsic randoms are primarily
due to two β− particles from separate 176Lu decays, while intrinsic trues are primarily due to
detection of a β− particle in coincidence with a γ-ray from the same 176Lu decay [11]. Figure
2 indicates that the intrinsic randoms rate on the Biograph scanner was much higher than the
intrinsic trues rate. The high randoms rate can be attributed to the nearly 100% efficiency of
LSO for stopping 176Lu β−particles, which deposit their energy in the same crystal in which
they were emitted. γ-rays travel much longer distances than β− particles, and may or may not
interact in the Biograph’s LSO detector ring, resulting in a lower detection efficiency for
intrinsic true coincidences.

Intrinsic prompt counting rates were approximately 1000 times lower for the Discovery-ST
scanner than the Biograph scanner. Most of the prompt events in the Biograph scanner are
randoms. Decays contributing to Discovery-ST background are presumed to have originated
externally to the scanner, since BGO does not contain any significant radioactive isotopes.
External sources present in the scanner’s vicinity included a nearby 82Rb generator and a
rod-shaped 68Ge normalization source located at the foot of the scanner bed. However,
given the energy window used, and the prevalence of true coincidences over random
coincidences, a very likely source for the small number of background events is cosmic
radiation.

Decay series acquisitions showed that the Discovery-ST had significantly better NECR
performance and sinogram CNR across the entire activity range studied when compared
with the Biograph scanner. The primary cause of the difference at these activity levels is the
effect of the 176Lu background counting rates on both these metrics. The Biograph scanner
consists of ~9,585 cc of LSO material, corresponding to an activity of ~3.1 MBq of 176Lu.
In contrast, the maximum source activity introduced in this study was 600 kBq, of which
only ~138 kBq (70 cm line source, 16.2 cm axial field of view) was actually within the axial
field of view. A second likely cause is the somewhat higher sensitivity of the Discovery
scanner (see Table I) which is largely due to the higher stopping power of BGO and the
slightly longer crystals used in this scanner. This is partially offset by the somewhat shorter
axial field-of-view and larger ring diameter which reduces solid angle coverage compared to
the Biograph scanner.

There was a trend towards improving performance with higher energy thresholds on the
Biograph scanner, but the differences were small. Although increasing the lower-energy
threshold will somewhat reduce the contributions of background events (see Table II), it will
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also eliminate detection of some true coincidence events from the source. We conclude that
lower energy thresholds above 350 keV do not significantly reduce the deleterious effect
of 176Lu background counts for low-activity studies.

At the very lowest activity levels studied, we noted in some experimental runs that the
Biograph coincidence rates were consistently below the previously measured intrinsic
background counting rates, even though there was a low-activity source present. We
hypothesized this might be a temperature effect, as both LSO light output and PMT gain
have a temperature dependence which would lead to temperature dependent pulse
amplitudes, thus changing the assumed relationship between pulse amplitude and the energy
deposited in the detector, and therefore the number of events falling within the energy
window. Indirect evidence for this came from the fact that the intrinsic coincidence rate we
reported was an average over a 12-hour overnight acquisition, while our decay series
measurements reflect an average over individual 5–25 minute frames acquired in the early
evening, and, in general, facility temperature was observed to be lower at night. To study
this more systematically, further decay series were acquired while monitoring scanner
temperature. A strong linear correlation was found between the intrinsic background singles
counting rate and temperature. We also noted that small temperature changes occurred
immediately after a CT scan was performed. This was correlated with an abrupt change in
the measured singles rates with a recovery time characterized by an exponential with a time
constant of 6–8 minutes. Another possible cause for the observed change in counting rate
following a CT scan is x-ray induced phosphorescence in the LSO crystals.

In all cases studied, the changes in singles rates with bore temperature and following CT
operation were small. However, because the dominant source of events at the low activities
studied are random coincidences from 176Lu background singles, the effects on NECR may
still be significant. At the much higher activities used for clinical studies, it is not expected
that these temperature effects would manifest themselves, as the background is negligible
compared to events from the source, and the fraction of 511 keV photopeak counts within
the energy window are relatively immune to very small temperature-related shifts in the
pulse amplitude.

In conclusion, these studies focused on the NECR performance of two commercial clinical
PET/CT platforms in the unexplored regime of very low activity concentrations that might
be encountered in emerging applications such as imaging radiolabeled cell populations and
nanoparticles, or at very late time points in dynamic scans of short half-life radionuclides. In
this regime, we conclude that the background from 176Lu significantly reduces NECR and
that the variability with temperature of the intrinsic background upon which the faint signal
sits, leads to complications that will make correction for this background challenging. For
studies at these very low activities (<1 MBq), we therefore recommend the use of a BGO-
based PET scanner where the background is negligible and the NECR performance much
higher compared with an LSO-based system that has a similar detector and scanner
geometry.
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Figure 1.
Counting rates versus activity for the Biograph (a) and Discovery-ST (b) scanners for total
line source activities in the range 10–600 kBq. The energy window was 375–650 keV. Plots
are on a logarithmic scale to aid in visualization of the entire dynamic range. Background
(intrinsic) true and random coincidence rates (phantom present, but no activity) also are
shown.
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Figure 2.
NECR (a) and CNR (b) measurements for the Biograph and Discovery-ST scanners at low
activities using an energy window of 375–650 keV. Measured activity ranges are 10–600
kBq for the NECR measurement and truncated to 10–220 kBq for the CNR measurement to
make the data easier to visualize. Note that NECR are displayed on a logarithmic scale.
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Figure 3.
(a) Comparison of NECR and (b) CNR for lower energy window settings of 350, 375, and
425 keV for the Biograph scanner. Measured activity range is 10–70 kBq.
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Figure 4.
(a) Change in temperature versus elapsed time for two different multi-hour acquisitions on
the Siemens Biograph scanner (each acquisition denoted by a different symbol). (b)
Recorded singles rate due to LSO background (normalized to arbitrary units) versus
temperature for the same two acquisitions. Solid lines represent linear fit, with R2 values of
0.78 and 0.74. For the case of multiple counting rate measurements at a single temperature,
sample mean and error bars are shown. Error bars are +/− one standard deviation of the
mean counting rate.
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Figure 5.
Singles rate versus elapsed scan time for an acquisition during which two CT scans also
were acquired. Exponential fits are also shown. (b) Temperature measurements recorded
during the acquisition. Vertical lines in both (a) and (b) indicate CT operation. (c)
Temperature plotted versus normalized singles rate for same data. The two different symbols
correspond to the data obtained following the two different CT scans. Measured R2 values
are 0.81 and 0.80, respectively. Where multiple counting rate measurements were obtained
for a single temperature, sample mean and error bars (+/− one standard deviation) are
shown.
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Table I

Summary of relevant characteristics of clinical PET/CT scanners used in this study.

Scanner Siemens Biograph
Reveal 16

GE Discovery-ST

Scintillator LSO BGO

Crystal Size (mm3) 6.45 × 6.45 × 25 6.3 × 6.3 × 30

Axial Field-of-View (mm) 162 157

Ring Diameter (mm) 830 886

Crystal Rings 24 24

Crystals Per Ring 384 420

Crystal Block Size 8×8 6×6

Coincidence Timing
Resolution (ns)

0.5 5.8

Default Timing Window (ns) 4.5 11.7

Energy Resolution (%) < 19 17

Transaxial Spatial
Resolution (Offset)

6.3 mm (10 mm) 6.28 mm (10 mm)

Sensitivity
(Energy Window)

5.7 cps/kBq
(400–650 keV)

9.26 cps/kBq
(375–650 keV)

References [7] [3,6]
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Table II

Intrinsic measured prompt and random counting rates (per second) with no activity in the scanner field-of-
view. A dash indicates that the corresponding measurement was not taken.

Energy Window Siemens Biograph Reveal 16 GE Discovery-ST

Prompts (s−1) Randoms (s−1) Prompts (s−1) Randoms (s−1)

350–650 keV 375 346 - -

375–650 keV 361 349 0.29 0.007

425–650 keV 280 277 - -

Phys Med. Author manuscript; available in PMC 2015 February 01.


