Downloaded from jnm.snmjournals.org by on March 15, 2017. For personal use only.

NEMA NU 2-2001 Performance Measurements
of an LYSO-Based PET/CT System 1n 2D and 3D

Acquisition Modes
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The National Electrical Manufacturers Association (NEMA) NU
2-2001 performance measurements were conducted on the Dis-
covery RX, a whole-body PET/CT system under development
by GE Healthcare. The PET scanner uses 4.2 x 6.3 x 30 mm lute-
tium yttrium orthosilicate (LYSO) crystals grouped in 9 x 6 blocks.
There are 24 rings with 630 crystals per ring and the ring diameter
is 88.6 cm. The transaxial and axial fields of view are 70.0 and
15.7 cm, respectively. The scanner has retractable septa and
can operate in both 2-dimensional (2D) and 3-dimensional (3D)
modes. 2D acquisitions use ring differences of +4 for direct
and =5 for cross slices; 3D acquisitions use a ring difference of
23. The coincident window width is 6.5 ns and the energy window
is 425-650 keV. Other than the detectors, the system uses the
same hardware and software as a Discovery ST. The CT scanner
is a 16-slice LightSpeed; the performance characteristics of the
CT component are not included herein. Methods: Performance
measurements of sensitivity, spatial resolution, image quality,
scatter fraction and counting rate performance, and image qual-
ity were obtained using NEMA methodology. Results: The sys-
tem sensitivity in 2D and 3D was measured as 1.7 cps/kBq and
7.3 cps/kBq, respectively. The transaxial resolution for 2D (3D)
was 5.1 mm full width at half maximum (FWHM) (5.0 mm) at
1 cm from gantry center and the radial and tangential resolutions
were 5.9 mm (5.9 mm) and 5.1 mm (5.2 mm) at 10 cm, respec-
tively. The axial resolution for 2D (3D) was 4.8 mm FWHM
(5.8 mm) and 6.3 mm (6.5 mm) at 1 cm and 10 cm from gantry
center, respectively. The scatter fraction was 13.1% and
31.8% in 2D and 3D. The peak noise equivalent count rate
(NECR) was 155 kcps at 92.1 kBg/mL in 2D and 117.7 kcps at
21.7 kBg/mL in 3D for a noise-free estimation of randoms. The
contrast of the 22, 17, 13, and 10 mm hot spheres in the image
quality phantom in 2D (3D) were 74.6% (72.4%), 56.7%
(59.5%), 46.2% (44.6%), and 17.9% (18.0%), respectively. Con-
clusion: The Discovery RX is a scanner that possesses high
NECR, low scatter fraction, and good spatial resolution charac-
teristics.

Key Words: National Electrical Manufacturers Association; PET;
whole-body imaging; lutetium yttrium orthosilicate

J Nucl Med 2006; 47:1960-1967

Received Apr. 12, 2006; revision accepted Sep. 5, 2006.

For correspondence or reprints contact: Brad J. Kemp, PhD, Department
of Radiology, Mayo Clinic, 200 First St. SW, Rochester, MN 55905.

E-mail: kemp.brad@mayo.edu

COPYRIGHT © 2006 by the Society of Nuclear Medicine, Inc.

1960

Commercia] whole-body PET scanners have used
various scintillators from sodium iodide (Nal(Tl)) (/):
bismuth germinate (BGO) (2—4), lutetium oxyorthosilicate
(LSO) (5,6), and gadolinium oxyorthosilicate (GSO) (7).
Depending on the scanner requirements, these scintillators
all have desirable properties, such as high effective atomic
number, density and light yield, fast decay time, and
favorable physical (rugged, nonhygroscopic) characteristics
(8,9). To be sure, the selection of a scintillator depends on
the performance specifications of the tomograph, with cost
of manufacturing and the availability of raw materials also
being important considerations. Moreover, the performance
of the scanner depends not only on the scintillator but also
on the scanner design as a whole, which includes the
collection of light, photomultiplier tube performance,
spatial encoding within the block detector, and electronic
architecture and design (/0).

Another cerium-doped oxyorthosilicate scintillator is lute-
tium yttrium orthosilicate (LYSO). LYSO possess excellent
characteristics for detecting 511-keV photons in PET: The
effective atomic number is 65; the density is 7.1 g/cm?, and the
attenuation coefficient is 0.83 cm™! at 511 keV; the scintil-
lation decay time is 42 ns and it has a light yield that is similar
to that of LSO (1 I-14). It should be mentioned that the values
of these properties depend on the relative yttrium content.

The performance characteristics of a new whole-body
PET/CT scanner that uses LY SO scintillators are presented.
This system, called the Discovery RX, has been developed
by GE Healthcare. The design of the PET system is based
on the Discovery ST scanner (4,15); it uses the same
hardware and software as a Discovery ST except that it uses
LYSO as the scintillator. The imaging characteristics of the
Discovery RX were measured using the National Electrical
Manufacturers Association (NEMA) performance standards
NU 2-2001 (/6).

MATERIALS AND METHODS

PET System Design

The PET scanner uses LYSO crystals of dimensions 4.2 X 6.3 X
30 mm in the tangential, axial, and radial directions respectively.
The yttrium content of the LYSO crystals is approximately 6%,
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expressed as a molar percentage of yttrium content relative to
lutetium. The LY SO crystals are arranged into 9 x 6 blocks, and each
block is coupled to a 4-anode, square photomultiplier tube. Eight
blocks are grouped into a module in a 2 by 4 arrangement in the
tangential and axial directions. There are 35 modules in the scanner,
and, as a result, there are 24 rings with 630 LYSO crystals per ring.

The ring diameter is 88.6 cm and the transaxial and axial fields
of view are 70.0 and 15.7 cm, respectively. The system produces
47 images with a slice thickness of 3.27 mm from a single frame.
The patient port is also 70 cm in diameter. The scanner has
retractable tungsten septa (54 mm length, 0.8 mm thick) and can
operate in both 2-dimensional (2D) and 3-dimensional (3D)
modes. The 2D acquisitions use ring differences of *4 for direct
and =5 for cross slices; the 3D acquisitions use a ring difference
of 23. The coincidence window width is 6.5 ns and the energy
window is 425—650 keV for both 2D and 3D acquisitions. The
mean energy resolution measured for all crystals is 14%. System
calibration and daily quality control is facilitated through the use
of a 60 MBq %Ge rotating rod source. The CT scanner is a
16-slice LightSpeed; the performance characteristics of the CT
component are not included herein.

The LYSO scintillator contains the radionuclide 7°Lu, which
decays by B-emission and a subsequent cascade of y- and x-rays.
The resultant intrinsic true (from the detection of a 3-emission in
one detector and a single y-ray in a second detector) and random
coincidences that are detected are indistinguishable from the true
and random coincidences from the extrinsic radiation (6,/7). For
the Discovery RX, the intrinsic radiation from !7®Lu results in a
background coincidence counting rate (with no object within the
scanner, measured from a 10 h scan) of 1,100 cps and 2,700 cps in
2D and 3D, respectively, of which 1 and 8 cps are true coincidence
counting rates for 2D and 3D. Hence, the true coincidence
counting rate from the intrinsic radiation can be considered
negligible. However, the intrinsic counting rate means that the
conditions required for NEMA NU 2-2001 cannot be met for all
performance measurements (6,/7). For example, the counting rate
and scatter fraction (SF) measurement requires a randoms-to-true
coincident event ratio (RTR) of <0.01, which is not possible for
this scanner as the minimum RTR is 0.10 in 2D and 0.19 in 3D.
Therefore, for the counting rate and sensitivity metrics, both the
prompt and delayed coincident events were measured to correct
for the intrinsic random events. Any deviation from the current
NEMA NU 2-2001 methodology will be outlined.

Phantoms

As specified by NEMA, three phantoms were used to conduct
the performance measurements: a scatter phantom, sensitivity
phantom, and image quality phantom. The scatter phantom is a
circular polyethylene cylinder with an outside diameter of 203
mm and a length of 700 mm. A 6.4 mm hole is located off-axis at
a radial distance of 45 mm and runs parallel to the central axis of
the cylinder. Plastic tubing (800 mm length, 3.2 mm diameter)
representing a line source is inserted into this hole. The sensitivity
phantom consists of five nested metal sleeves of known thickness
and 700 mm length. Activity is placed in a plastic tube and
threaded through the inner sleeve. The image quality phantom
consists of the IEC (International Electrotechnical Commission)
body phantom and a lung insert. Within the body phantom are six
fillable spheres; the two largest spheres are cold, whereas the four
small spheres are filled with activity. The spheres are positioned in
a 114 mm circle such that their centers are located in the same
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transaxial plane. The lung insert has a density of 0.30 g/cm? and is
located in the center of the phantom.

SF and Counting Rate Measurements

The SF and counting rate measurements were performed using
the NEMA scatter phantom (Computerized Imaging Reference
Systems Inc.) with separate acquisitions for the 2D and 3D
measurements. The line source was filled with 7.2 GBq of '8F
for the 2D acquisition and 1.0 GBq of '8F for the 3D acquisition.
The phantom was positioned such that the line source was
centered within the axial field of view (FOV) and located nearest
the bed. A total of 88 static scans (72 scans of 10 min duration
with no interscan delay followed by 16 scans of 25 min with a
5 min interscan delay) were acquired. For each of these acquisi-
tions, both prompt and delayed coincident events sinograms were
acquired. The counting rate loss was <1% in late frames.

Single-slice rebinning was applied to collapse the oblique 3D
data (both the prompts and delayed events) into a single sinogram
for each slice. The prompts and delayed-event sinograms were
masked to a 240 mm FOV, and the prompts sinogram was shifted
such that the maximum activity in each projection was located in
the central pixel. The total events (Crog;;) and random events
(C,;,j) were calculated as the integral of counts within slice i of the
masked prompts and delayed sinograms of acquisition j. The
random and scatter events for slice i of acquisition j (C,,;;) were
computed as the sum of the counts outside a central 40 mm strip in
the prompts sinogram plus a fraction of counts within this 40 mm
strip, as stipulated by NEMA. It should be noted that C,.;;
includes the intrinsic coincident events.

The true event rate for slice i of acquisition j was defined as:

R, = (Cror,ij — Cr+5‘,i,j)7

Tacqj

and the system true event rate R, ; was the sum of R, ; ; over all slices
i. The random event rate for slice i of acquisition j is defined as:

_Crij
Rr,i‘ Jj = )
Tacq j
and the system random event rate R,; was the sum of R,;; over all
slices i. The scatter event rate for slice i of acquisition j was
defined as:

 Crigij— Crij
Rsjj=—2>—"=

bl
Tacq.j

and the system scatter event rate R,; was the sum of R ;; over all
slices. The SF for slice i of acquisition j was calculated as:

Crisij— Criyj

SF;; =
" Crorij— Crij

)

and the system SF was computed as:

Z Crisij— Z Crij
SF] 1 1

a Z CTOT,Lj - Z Cr,i,j.

The effective activity concentration in the phantom, a5 was
calculated as the activity in the line source divided by 22 kg. The
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characteristic extrinsic activity threshold (denoted as a,.), above
which the counting rate from extrinsic radiation is greater than
that from the intrinsic radiation, was computed for the 2D and 3D
acquisitions (/7). The SF was computed using the average of three
measurements taken near a,,.

The noise equivalent count rate (NECR) for slice i for acqui-
sition j was defined as:

2
_ 1,
Rucis Rror,ij + kR, )

where k = 0 for noiseless estimate of random events (denoted as
NECR IR) and k = 1 for direct random event subtraction (denoted
as NECR 2R). The system noise equivalent count rate Rygc; was
computed as the sum of Rygc,;; over all slices i. The maximum
system true event rate R,; and maximum system noise equivalent
count rate Rygc,; and the effective activity concentrations at these
maximums were reported.

Corrections for Count Losses and Randoms

The 2D and 3D sinograms acquired in the counting rate
measurements were used to measure the accuracy of the cor-
rections for dead-time losses and random events. Both 2D and
3D sinograms were reconstructed using filtered backprojection
(FBP) into a 128 x 128 matrix with a FOV of 180 mm. Fourier
rebinning (FORE) was applied to the 3D sinograms before
FBP. Corrections for dead time, randoms, and normalization
were applied; no corrections for attenuation and scatter were
applied.

From the reconstructed images, the trues rate Rgoy;;; in the
180 mm FOV was computed for each slice i and each acquisition
J. The extrapolated counting rate Rpxz;; was computed by scaling
the effective activity concentration at each acquisition j by the
ratio of Rgoy ; j to a.yfor the three acquisitions with activity ~ @,y
The relative counting rate error was computed as the bias of
Rrorij 0 Rgxrij expressed as a percentage. The maximum,
minimum, and mean relative errors across all slices were calcu-
lated for each acquisition; the maximum absolute value of the bias
was determined for those acquisitions with activity values at or
below the activity at peak Rygc.

Sensitivity

The sensitivity of the scanner was measured for the 2D and 3D
acquisition modes. The line source of the NEMA sensitivity
phantom (Data Spectrum) was filled with 16 MBq of '8F and
threaded through the inner aluminum sleeve. Successive measure-
ments were acquired with up to five aluminum sleeves surrounding
the line source for the phantom positioned in the center of transaxial
FOV and at a distance of 100 mm from the scanner axis. 2D and 3D
prompt and delayed-event sinograms were acquired for each sleeve
configuration and at each location. The acquisition duration was
2 min for the 2D acquisitions (i.e., the acquisitions with the least
counts); the minimum number of true coincident events in a slice
was >18 kilocounts.

Single-slice rebinning was applied to the 3D prompts and
delayed sinograms to assign each oblique line of response (LOR)
to the slice where the LOR crosses the scanner axis. The total
counts in each slice i of sleeve acquisition j of the prompts
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(Cror;ij) and delays (C,;;) sinograms were calculated. The true
event rate was defined as:

Ry = (Crorij = Criy)

Tacqj

and the system true event rate R,; was the sum of R,;; over all
slices i. The true event rates for each acquisition were corrected
for activity decay. The natural logarithm of the true counting rate
for each sleeve was plotted as a function of sleeve thickness and a
linear equation was fit to the data. The counting rate without
attenuation (i.e., sleeve thickness of zero) is represented by the
intercept of this equation, and the total system sensitivity is the
counting rate without attenuation divided by the activity in the line
source. The sensitivity as a function of axial position was also
generated using data acquired for the smallest tube at the center of
the transaxial FOV.

Spatial Resolution

Spatial resolution measurements were performed with point
sources made by placing !8F in capillary tubes. The extent of the
activity in the tubes was <1 mm in the transaxial and axial
directions. The point sources were placed at locations, in centi-
meters, of (0, 1), (0, 10), and (10, 0) in the transaxial plane. In the
axial plane, the point sources were placed at the center of the FOV
and at one quarter of the extent of the axial FOV from the center.
The duration of each 2D and 3D acquisition was 60 s.

Both 2D and 3D data were reconstructed with FBP with a ramp
filter into a 256 x 256 matrix and a 250 mm FOV. FORE was
applied to the 3D sinograms before FBP. Profiles of width ~ times
the full width at half maximum ([FWHM] measured orthogonal to
the direction of measurement) were generated through the peak of
the reconstructed point source. The FWHM and full width at tenth
maximum (FWTM) of the profiles were calculated using linear
interpolation between adjacent pixels. The radial, tangential, and
axial resolutions are reported.

Image Quality

The NEMA image quality phantom (PTW-New York) was used
to simulate a whole-body acquisition. The four smaller spheres were
filled with a 4:1 activity concentration relative to the background,
with an activity concentration of 5.2 kBg/mL in the background.
The plastic tubing of the scatter phantom was filled with 115 MBq,
and the phantom was abutted to the image quality phantom to
simulate activity outside the FOV. The image quality phantom was
placed on the table such that the spheres were centered in the axial
FOV. Note that with this phantom positioning there are some slices
that do not contain the phantom or the lung insert.

NEMA NU 2-2001 methodology, which was devised before the
introduction of PET/CT scanners, requires the simulation of a
100 cm emission and transmission scan in 60 min. However, with
the transmission acquisition being supplanted by the CT acquisi-
tion most of this acquisition time is, by definition, devoted to the
emission acquisition. This is not a realistic clinical acquisition but
was kept as such to comply with NEMA methodology. The 2D
acquisitions simulated a 3 slice overlap that resulted in an axial
step of 144 mm and a frame duration of 8.5 min. Similarly, the 3D
acquisition simulated a 7 slice overlap with a 131 mm axial step
and subsequent frame duration of 7.8 min. Three 2D and 3D
acquisitions were acquired in succession (2D acquisition 1, 3D
acquisition 1, 2D acquisition 2, 3D acquisition 2, and so forth)
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with the acquisition duration adjusted for the physical decay.
On average, the 3D sinograms contained 5.3 times more true
coincident events than the 2D acquisitions (8.2 x 108 vs. 1.6 x 107
events).

The 2D sinograms were reconstructed with ordered-subsets
expectation maximization ([OSEM] 3 iterations and 21 subsets),
and the 3D sinograms were reconstructed with a fully 3D OSEM
(3 iterations and 35 subsets) algorithm (/8). For all reconstruc-
tions, a Gaussian postprocessing filter of 5 mm FWHM was ap-
plied. Both 2D and 3D data were reconstructed into a 500 mm
FOV with a pixel size of 3.91 mm and slice thickness of 3.27 mm.
The CT images were used for attenuation correction. For scatter
correction, the technique of Bergstrom et al. (/9) was used for the
2D acquisition and a model-based technique was used for the 3D
acquisition (20). For correction of randoms coincidences, single-
event counting rates (2/) were used.

The count density in the spheres was determined by drawing
regions of interest (ROIs) of diameter equal to the inner diameter
of each sphere on the transaxial image through the center of the
spheres. The CT images were used to assist in region placement.
The background count density was obtained from ROIs drawn in
the central slice and slices located =10 mm and *20 mm from
this slice (12 ROIs per slice, 60 ROIs total). The contrast and
background variabilities were calculated and expressed as a
percentage for each sphere and averaged for the three acquisitions.

The residual error in the lung was computed for each slice. An
average error, computed across the 31 slices that contain the lung
insert, was also calculated.

RESULTS

SF and Counting Rate Measurements

The RTR as a function of the singles rate per block is
shown in Figure 1A for the 2D and 3D acquisitions. For the
3D acquisition it is apparent that the RTR never attains the
0.01 value as required by NEMA: The minimum RTR is
0.10 and 0.19 for the 2D and 3D acquisitions, respectively.
The singles rate per block is plotted as a function of the
effective activity concentration in the line source in Figure
1B. A linear regression was fit to these data, and the
intercept—the singles rate for an activity concentration of
zero—represents the singles rate due to the intrinsic radi-
ation of the LYSO crystals, s;,,. For the 2D acquisition, s,
was 4.5 keps and a,,r was 2.6 kBg/mL or 57.2 MBq in the
line source. For the 3D acquisition, s;,, was 4.5 kcps and
arer was 0.81 kBg/mL or 17.8 MBq in the line source.

The true and random counting rates are plotted as a
function of the effective activity concentration in Figure 2.
For the 2D acquisition (Fig. 2A), the maximum true
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FIGURE 2. Counting rate performance
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modes.
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counting rate was 473.2 kcps at an effective activity
concentration of 176.0 kBq/mL. For the 3D acquisition
(Fig. 2B), the maximum true counting rate was 453.6 kcps
at an effective activity concentration of 30.8 kBq/mL.

The system SF was 13.1% for the 2D acquisition and
31.8% for the 3D acquisition. In addition, the system SF at
peak NECR was 16.0% and 38.2% for the 2D and 3D
acquisitions, respectively. The 2D and 3D SFs are plotted as
a function of their respective effective activity concentra-
tion in Figure 3A. The SF increases as the effective activity
increases, more so for the 3D acquisition. This effect,
which needs further investigation, may be attributed to the
higher singles rate causing pulse pileup effects. The SF as a
function of slice is shown in Figure 3B.

The NECR curves are plotted as a function of the
effective activity in Figure 4. For the 2D acquisition and
a noiseless randoms estimate, the maximum NECR was
155.0 keps at an effective activity concentration of 92.1
kBg/mL. The maximum NECR for delayed-event subtrac-
tion of randoms was 105.7 at 71.0 kBq/mL (Fig. 4A). For
the 3D acquisition and a noiseless randoms estimate, the
maximum NECR was 117.7 kcps at an effective activity

concentration of 21.7 kBg/mL. The maximum NECR for
delayed-event subtraction of randoms was 79.6 at 17.6 kBq/
mL (Fig. 4B). Both the 2D and 3D NECR curves are broad
and encompass a large range of effective activity concen-
trations.

Counting Rate Accuracy

The maximum, minimum, and mean relative counting
rate errors for the 2D and 3D acquisitions are plotted in
Figure 5. Shown on the plots are the effective activity
concentrations at the peak NECR. For the 2D and 3D
acquisitions, the absolute value of the maximum relative
counting rate error is 3.0% and 5.0%, respectively, which
occur at the effective activity concentration of the peak
NECR (92.1 kBg/mL for 2D and 27.1 kBq/mL for 3D). The
absolute value for the mean relative counting rate error is
0.8% and 4.5% for the 2D and 3D acquisitions, respec-
tively, at this activity concentration.

Sensitivity

The system sensitivity for radial positions RO and R10
were 1.66 cps/kBq and 1.70 cps/kBq, respectively, in 2D
and 7.30 and 7.54 cps/kBq in 3D. The axial sensitivity
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profile for the 2D and 3D acquisitions of the inner sleeve at
the scanner center are shown in Figure 6.

Resolution

The transaxial and axial resolutions for the 2D and 3D
acquisition modes are listed in Table 1. At a distance of
1 cm from the central axis of the scanner, the transaxial
FWHM (and FWTM) of the 2D acquisition is comparable
to the transaxial FWHM (and FWTM) of the 3D acquisi-
tion; a similar trend is present for the transaxial resolution
at 10 cm from the central axis. As expected, there is some
radial elongation of the 2D and 3D resolutions at a 10 cm
distance from the central axis.

Image Quality

All spheres were visible in the reconstructed images of
the image quality phantom. Furthermore, the background
region did not exhibit any streak artifacts. The results of
the image quality experiment are listed in Table 2. The
contrasts for the spheres were comparable for the 2D and
3D acquisitions, with the exception of the 28 mm cold
sphere. There is less variability in hot lesion contrast with
the 3D acquisition. Also, the 3D images have better back-
ground variability.

The average value for the residual error in the lung for
the 2D OSEM reconstruction was 20.6% * 1.5% and for
the fully 3D OSEM reconstruction the residual error was
19.0% = 0.9%. The estimated SF for the 2D acquisitions
was 18%, whereas the model-based scatter correction
estimated the SF as 24% for the 3D acquisitions.

DISCUSSION

We have presented the NEMA NU2-2001 performance
measurements of the Discovery RX PET/CT scanner under
development by GE Healthcare. The scanner is based on
the Discovery ST PET scanner but uses LYSO as the
scintillator. As expected, the switch to LYSO from BGO
has an effect on the system’s performance. LYSO has a
scintillation decay time of 42 ns; this fast decay time leads
to a reduction in dead time and it enables improved timing
resolution and a narrower coincidence timing window,
which, in turn, reduces the number of random events. This
reduction in the random coincidence rate is manifested in
the high NECR. The scanner also has excellent counting
rate capability. In 2D, the Discovery RX has a peak NECR
of 155.0 at 92.1 kBq/mL, which is greater than the peak
NECR of 90.2 kcps at 52.5 kBg/mL for the Discovery ST
(4). Similarly, in 3D, the Discovery RX has a peak NECR

FIGURE 6. Axial sensitivity profile mea-
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TABLE 1
Spatial Resolution Measurements for 2D and 3D Acquisition Modes

Distance = 1 cm

Transaxial Axial
Mode FWHM (mm) FWTM (mm) FWHM (mm) FWTM (mm)
2D 5.1 9.7 4.8 10.6
3D 5.0 9.7 5.8 11.5
Distance = 10 cm
Transaxial: radial Transaxial: tangential Axial
Mode FWHM (mm) FWTM (mm) FWHM (mm) FWTM (mm) FWHM (mm) FWTM (mm)
2D 5.9 11.6 5.1 10.2 6.3 12.9
3D 5.9 11.4 5.2 10.3 6.5 12.7

of 117.7 at 21.7 kBq/mL, which is greater than the peak
NECR of 67.8 keps at 12.0 kBg/mL for the Discovery ST
(4). This counting rate capability is important for 3D
studies or high-counting-rate studies in 2D but may not
be realized in clinical 2D whole-body studies. It should also
be noted that the peak NECR for patient studies occurs at a
lower activity level than that for the NEMA performance
measurement (22).

LYSO also has a higher light yield than BGO, which
permits the use of smaller crystals within a block detector
and the subsequent separation of the individual crystals in
the position map. This results in improved spatial resolu-
tion. A high light yield also results in good energy resolu-
tion; the energy discrimination window can be narrowed
(i.e., the lower level discriminator raised) and the SF
thereby reduced. The SFs of 13.1% for 2D and 32.1% for
3D acquisitions are lower than the respective SFs of 19.1%
and 45.1% for the Discovery ST (4). This improved
performance can be attributed to the increased light yield
and subsequent narrower energy window of the Discovery
RX. In the SF measurement, there was an increase in the SF
as the effective activity increases, especially for the 3D
acquisition. This increase in SF as a function of activity

may have an effect on clinical studies acquired in 3D,
depending on the relative activities in the patient and the
performance of the scatter correction.

The system sensitivity in 2D and 3D is lower than the
sensitivity of the Discovery ST (1.7 vs. 1.9 cps/kBq in 2D
and 7.2 vs. 9.1 cps/kBq in 3D for Discovery RX and ST,
respectively). This difference can be attributed to the wider
energy window used on the Discovery ST (375-650 keV)
and the BGO scintillator. In 3D, the axial sensitivity profile
is peaked in the center of the axial FOV. This has impli-
cations in clinical imaging, as a large slice overlap will
need to be used if the fluctuations in sensitivity as a
function of slice are to be reduced.

The Discovery RX has good transaxial resolution that
remains relatively stable as the source is moved from the
center of the gantry. The system resolution is not isotropic
because of the crystal dimensions. The transaxial resolution
for both the 2D and 3D acquisition modes are very similar.

CONCLUSION

The NEMA NU2-2001 performance measurements show
that the Discovery RX possesses high NECR, low SF, and
good spatial resolution characteristics.

TABLE 2
Image Quality Measurements for 2D and 3D Acquisition Modes

Sphere diameter (mm)

Measurement Mode 10 13 17 22 28 37
Contrast (%)
2D 179 = 3.6 46.2 + 4.6 56.7 + 5.3 746 + 5.1 771 + 2.6 785 + 2.4
3D 18.0 + 1.2 446 =1.8 59.5 + 1.8 724 + 3.4 65.0 = 1.1 73.6 = 0.9
Background
variability (%)
2D 10.8 = 1.1 9115 7.3 *+09 58 = 0.8 48 = 0.4 3.6 = 0.2
3D 6.0 = 0.7 5.0 = 0.6 43 0.5 3.7=03 3.2=*+02 2.7 0.2

Values are expressed as mean = SD from three acquisitions and measurements.
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