Compared Performance of High-Sensitivity Cameras
Dedicated to Myocardial Perfusion SPECT: A Comprehensive
Analysis of Phantom and Human Images

Laetitia Imbert!, Sylvain Poussier, Philippe R. Franken®, Bernard Songy’, Antoine Verger3-3, Olivier Morel*,
Didier Wolf!, Alain Noel!, Gilles Karcher3->, and Pierre-Yves Marie3+3

!CRAN-UMR 7039, Université de Lorraine—CNRS, Vandoeuvre, France; *Department of Radiotherapy, Centre Alexis Vautrin,
Vandoeuvre, France; *Nancyclotep Experimental Imaging Platform, Nancy, France; *Department of Nuclear Medicine, CHU-Nancy,
Nancy, France; SINSERM, U947, Nancy, France; 6Department of Nuclear Medicine, Centre Antoine Lacassagne, Nice, France;
"Department of Nuclear Medicine, Centre Cardiologique du Nord, Saint-Denis, France; and SINSERM, U961, Nancy, France

Differences in the performance of cadmium-zinc-telluride (CZT)
cameras or collimation systems that have recently been
commercialized for myocardial SPECT remain unclear. In
the present study, the performance of 3 of these systems
was compared by a comprehensive analysis of phantom and
human SPECT images. Methods: We evaluated the Discov-
ery NM 530c and DSPECT CZT cameras, as well as the Sym-
bia Anger camera equipped with an astigmatic (IQ-SPECT) or
parallel-hole (conventional SPECT) collimator. Physical per-
formance was compared on reconstructed SPECT images
from a phantom and from comparable groups of healthy
subjects. Results: Classifications were as follows, in order
of performance. For count sensitivity on cardiac phantom
images (counts.s~'-MBqg~'), DSPECT had a sensitivity of
850; Discovery NM 530c, 460; IQ-SPECT, 390; and conven-
tional SPECT, 130. This classification was similar to that of
myocardial counts normalized to injected activities from hu-
man images (respective mean values, in counts.s~'-MBq~":
114 + 26,56 = 1.4,2.7 = 0.7, and 0.6 = 0.1). For central
spatial resolution: Discovery NM 530c was 6.7 mm; DSPECT,
8.6 mm; IQ-SPECT, 15.0 mm; and conventional SPECT,
15.3 mm, also in accordance with the analysis of the sharp-
ness of myocardial contours on human images (in cm~":
1.02 + 0.17, 0.92 =+ 0.11, 0.64 = 0.12, and 0.65 *= 0.06,
respectively). For contrast-to-noise ratio on the phantom:
Discovery NM 530c had a ratio of 4.6; DSPECT, 4.1; IQ-SPECT,
3.9; and conventional SPECT, 3.5, similar to ratios documented
on human images (5.2 = 1.0, 4.5 = 0.5, 3.9 = 0.6, and 3.4 = 0.3,
respectively). Conclusion: The performance of CZT cameras is
dramatically higher than that of Anger cameras, even for human
SPECT images. However, CZT cameras differ in that spatial res-
olution and contrast-to-noise ratio are better with the Discovery
NM 530c, whereas count sensitivity is markedly higher with the
DSPECT.
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Stress myocardial SPECT has been markedly enhanced
by the recent commercialization of cameras with semicon-
ductor (cadmium-zinc-telluride [CZT]) detectors or new
collimation systems. These improved systems enhance the
sensitivity of count detection and thereby enable recording
times or tracer doses to be reduced, a property that has
highly favorable consequences on patient comfort and ra-
diation exposure (/—4). This enhancement is based mainly
on acquisitions that are heart-centric but obtained with very
different technologies: first, for the IQ-SPECT system (Sie-
mens Medical Solutions (5—-8)), an Anger camera equipped
with collimators convergent on the image center (astigmatic
collimators); second, for the DSPECT system (Spectrum
Dynamics (9-13)), mobile columns of CZT detectors with
wide parallel-hole collimators; and third, for the Discovery
NM 530c system (GE Healthcare (/4-21)), fixed CZT de-
tectors with multipinhole collimators.

The respective performance of these new cameras and
collimation systems has been analyzed, but only separately
(6,11,14). To our knowledge, there has been no direct head-
to-head comparison of the performance of the 1Q-SPECT,
DSPECT, and Discovery NM 530c systems. In addition,
their performance was never compared for human SPECT
images and, thus, with the additional confusing influence of
breathing and cardiac motion, along with body attenuation
and diffusion.

This study directly compared the performance of 1Q-SPECT,
DSPECT, and Discovery NM 530c in routine conditions of
SPECT recording and reconstruction and by a comprehen-
sive analysis of SPECT images from phantoms and from
healthy subjects.
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TABLE 1
Parameters Commonly Used for SPECT Recording and Reconstruction
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full width at half maximum.

LEHR = low-energy high-resolution; 3D = 3-dimensional; FWHM

MATERIALS AND METHODS

y-Cameras and Collimation Systems

Table 1 summarizes the conventional recording and reconstruc-
tion parameters that were used for the 4 cameras.

The DSPECT camera was analyzed at the University Hospital of
Nancy. As previously described (9—11), this camera operates with 9
mobile blocks of pixelated CZT detectors (pixel size, 2.5 X 2.5 mm)
associated with a wide-angle square-hole tungsten collimator. A
total of 120 projections are recorded by each block by means of
a region-centric acquisition that maximizes counts emanating from
the heart area, which was previously defined on a short prescan
acquisition. A specific algorithm of iterative reconstruction is used
to compensate for the collimator-related loss in spatial resolution
(9-11). All the reconstruction parameters currently recommended
for clinical routine (Table 1) were used, except for the cardiac
anatomic model of the DSPECT camera, which constrains the shape
and thickness of left ventricular walls (/2).

The Discovery NM 530c camera was analyzed at the North
Cardiology Centre in Saint-Denis, France. This camera operates
with 19 fixed detectors, which are placed over an arc of 180° and
orientated to focus on the heart area (/5,16). Each detector in-
volves 4 modules of 32 x 32 CZT pixels (pixel size, 2.5 X 2.5 mm)
and is associated with a tungsten pinhole collimator with an ef-
fective aperture of 5.1 mm (/9,20). Nineteen projections are thus
recorded, and an iterative reconstruction allows modeling for col-
limator geometry.

The Symbia camera (Siemens Medical Solutions) is a dual-
head Anger camera for which cardiac imaging can be performed
either with a low-energy high-resolution collimator (for conven-
tional SPECT) or with a high-sensitivity astigmatic collimator
involving a convergent geometry for the image center and parallel
holes for the edges (for IQ-SPECT) (6). Conventional SPECT and
1Q-SPECT were assessed in the University Hospitals of Nice and
Nancy, respectively. For conventional SPECT, the detectors were
placed close to the patient in a body-contour mode, whereas for
1Q-SPECT, rotation of the detectors was circular with a 28-cm
radius and centered on the heart (/2). SPECT images are routinely
reconstructed with 3-dimensional iterative algorithms (22) and
with an additional correction for the geometry of the astigmatic
collimator for IQ-SPECT (23,24).

Selection of Human SPECT Images

Presumably healthy male subjects were retrospectively se-
lected for 4 groups, up to a total of 12 in each group, if they
fulfilled the following criteria: first, had been routinely re-
ferred for exercise myocardial SPECT with °*™Tc-sestamibi
on the Discovery NM 530c (first group in Saint-Denis), the
DSPECT (second group in Nancy), or the Symbia equipped
for IQ-SPECT (third group in Nancy) or conventional SPECT
(fourth group in Nice); second, were between 50 and 70 y old;
third, weighed less than 100 kg; fourth, had no history of
coronary artery disease and less than a 10% pretest likelihood
of coronary artery disease, according to the Diamond and For-
ester tables; fifth, had achieved maximal exercise on testing
(=85% of predicted maximal heart rate (220 — age)); and
finally, had exercise test results and SPECT images that were
considered normal by experienced observers. Images were ren-
dered anonymous, and no approval of any ethical committee
was required for this retrospective analysis of routinely recorded
human SPECT images.
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Phantom SPECT Images

A commercially available phantom mimicking the shape of
a normal heart was used (cardiac insert; Biodex Medical Systems)
(Fig. 1). The left ventricular cavity was filled with water, and the
left ventricular walls were filled with a solution containing only
10 MBq of **™Tc to avoid any saturation-related loss in counts.
This phantom was placed at the center of the field of view and
orientated in 45° left-anterior and 45° caudal directions. SPECT
images were obtained using the parameters listed in Table 1. Time
per projection was modulated to obtain a total recorded activity of
approximately 500 kilocounts.

Performance Parameters

The selection of 3 major performance parameters—tomo-
graphic count sensitivity, spatial resolution, and contrast-to-noise
ratio—was based on their ability to be determined on phantoms
and to be assessed at least indirectly on human SPECT images.

Tomographic Count Sensitivity. Tomographic count sensitivity
was measured on the reconstructed SPECT images of the phantom.
The total number of recorded counts was determined with a man-
ually adjusted elliptic region of interest, and count sensitivity was
calculated using the following formula:

Total recording counts/[recording time (s) X left ventricular activity (MBq)].

This count sensitivity could not be directly determined for the
human SPECT images. The actual left ventricular activities were
unknown and thus replaced in the formula by the activities that
were injected intravenously at peak exercise. Thereby, intergroup
comparisons were made with the myocardial counts normalized to
recording times (s) and injected activities (MBq). However, it is likely
that these comparisons were dependent mainly on the differences in
count sensitivity between the 4 camera groups. These groups were
indeed constituted in such a way as to standardize factors that can
affect cardiac uptake of tracer (exclusion of subjects with submaximal
testing) or that clearly change the conditions of body attenuation and
diffusion (inclusion of male-only subjects weighing < 100 kg).

The measurements were corrected for decay, and further cor-
rections were needed for the conventional SPECT protocol in
which exercise SPECT was performed after rest SPECT. Myocar-
dial activity, corresponding to exercise-only injection, was then
obtained after subtraction of residual myocardial activity from rest
injection. This residual activity was obtained with the myocardial
activity that was measured on the previous rest SPECT (in counts-s 1)
and corrected for decay.

DSPECT
Short-axis =

[¢)
(AR

Long-axis

Reconstructed Spatial Resolution. Reconstructed spatial resolution
was determined according to the National Electrical Manufacturers
Association NU-1 2001 protocol, with the exception that the re-
construction SPECT parameters were those recommended for clinical
routine (Table 1). SPECT images were obtained from an insert with 3
linear sources of 1.5-mm internal diameter. These sources were filled
with a 2 MBg/mL solution of **™Tc and placed in the longitudinal
direction. Horizontal and vertical profiles were generated for each line
source on a median axial reconstructed slice. Central, tangential, and
radial resolutions were determined with the open-source AMIDE soft-
ware as the full width at half maximum of gaussian fit (/9).

Spatial resolution could not be directly measured on human
SPECT images but could be estimated through a quantitative sharp-
ness profile, a parameter that is dramatically influenced by spatial
resolution (25-27). As illustrated in Figure 2, a sharpness index
was determined on the horizontal profile of the midventricular
short-axis slice. This index was computed as the maximal slope
of the decrease in myocardial counts (cm™!) on the epicardial
border of the lateral wall and after exclusion of the low-count part
of the profile (activities < 25% of the maximal value).

Contrast-to-Noise Ratio. Contrast-to-noise ratio reflects the abil-
ity to generate an image contrast that may not be due to noise
fluctuations yet is clinically useful (28,29). This ratio was deter-
mined on the midventricular short-axis slice of each SPECT record-
ing (Fig. 1). Mean myocardial counts and corresponding SD were
determined on a ring-shaped region of interest encompassing the
endocardial and epicardial borders. Mean background counts and
corresponding SD were determined on a half-moon—shaped region
of interest, at 15 mm from the lateral wall. Contrast-to-noise ratio
was estimated with the following formula:

(MMy - MBG) / \/ [SDwy]” + [SDsql,

where My, is mean myocardial counts, Mg is mean background
counts, SDy;, is mean myocardial SD, and SDgg is mean back-
ground SD.

RESULTS

Characteristics of the Study Groups

Four groups of 12 presumably healthy subjects, corres-
ponding to each of the 4 cameras, were created. As detailed
in Table 2, age, body weight, and maximal heart rate at
exercise were comparable in all 4 groups.

Maximal slope A

(%) Ansuajur jaxop

Distance (cm)

FIGURE 1. Images of cardiac phantom provided by CT and by
DSPECT camera, as well as representation of background (blue)
and myocardial (yellow) regions of interest, which were used for
determining contrast-to-noise ratio.
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FIGURE 2. Example, on median short-axis slice, of determination
of maximal slope of epicardial border of left lateral wall, representing
sharpness index. Distance is expressed in centimeters, and voxel in-
tensity is expressed in percentage of maximal myocardial voxel value.
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TABLE 2
Main Characteristics of the 4 Camera Groups Involved in Clinical Study

Characteristic Discovery NM 530c DSPECT 1Q-SPECT Conventional SPECT
Number of subjects 12 12 12 12
Age (y) 53 £ 10 56 + 10 53 £8 57 £ 7
Body weight (kg) 80 + 10 80 +7 84 + 13 83 + 13
Study protocol 1-d stress-rest 1-d stress-rest 1-d stress-rest 1-d rest-stress
Tracer Sestamibi Sestamibi Sestamibi Sestamibi
Activity injected at exercise (MBQq)* 132 = 22 168 = 62 318 = 34 1,073 £ 177
Maximal heart rate at exercise (%) 93 + 8 95 + 4 91 +7 91 +4
Recording time (min) 10 6 4.5 16
Patient position Prone Semireclining Prone Supine
Total myocardial counts (x103) 447 + 96 625 + 198 214 = 60 1,019 = 190

*Corrected for physical decay at half-time of SPECT recording.

TExpressed in percentage of maximal predicted value (220 — age).

However, there were substantial differences in the con-
ditions under which SPECT was recorded, especially with
regard to patient position (prone for IQ-SPECT and Discov-
ery NM 530c, supine for conventional SPECT, and semi-
reclining on a dedicated chair for DSPECT (9)), the 1-d study
protocols (starting with rest SPECT for the conventional
SPECT group and with exercise SPECT for the other groups),
and the injected activities and recording times (Table 2).
Therefore, the total myocardial counts were different in the
4 groups. The lowest values were in the IQ-SPECT group,
and the highest values were in the conventional SPECT group
(Table 2).

Performance Parameters

Tomographic count sensitivities were determined with
the phantom for total recording counts, which were near or
slightly higher than 500 kilocounts for conventional SPECT
(578 kilocounts), IQ-SPECT (581 kilocounts), DSPECT
(580 kilocounts), and Discovery NM 530c (497 kilocounts).
As illustrated in Figure 3, this count sensitivity was 130
counts-s~!-MBq~! with conventional SPECT and was im-
proved 3-fold with IQ-SPECT (390 counts-s~!-MBq™!), about
4-fold with Discovery NM 530c (460 counts-s~!-MBq 1), and
nearly 7-fold with DSPECT (850 counts-s~!-MBq~1).

Concordant results were also achieved for myocardial
counts normalized to injected activities from human ex-
aminations (in counts-s~!-MBq~': conventional SPECT,
0.6 = 0.1; IQ-SPECT, 2.7 = 0.7; Discovery NM 530c,
5.6 = 1.4; and DSPECT, 11.4 = 2.6) (Fig. 3).

The best spatial resolution was achieved with the
Discovery NM 530c (6.7 mm for central spatial resolution,
Fig. 3). Documented values were higher for the DSPECT
(8.6 mm for central spatial resolution) and higher still for
IQ-SPECT (15.0 mm) and conventional SPECT (15.3 mm).
In addition, a concordant classification was obtained for the
sharpness index of myocardial contours on human images
(in cm™ !: Discovery NM 530c¢, 1.02 = 0.17; DSPECT, 0.92 +
0.11; IQ-SPECT, 0.64 = 0.12; and conventional SPECT,
0.65 = 0.06) (Fig. 3).
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Figure 4 displays representative SPECT images obtained
with the 4 cameras for human images from our study pop-
ulation and for the phantom after simulation of a small
parietal defect (insertion of a small solid cube 15 mm in
length).
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FIGURE 3. Comparison of the 4 cameras. Count sensitivity was
determined for phantom (top left) and indirectly assessed for human
(top right) SPECT images by normalizing counts to recording time
and injected activity. Spatial resolution was determined for phantom
insert (middle left) and indirectly assessed for human (middle right)
SPECT images using sharpness index for myocardial contours.
Contrast-to-noise ratio was determined for phantom (bottom left)
and human (bottom right) SPECT images. Conv = conventional
SPECT; DSP = DSPECT; IQ = IQ-SPECT; NM = Discovery NM
530c; ¢ = central resolution; r = radial resolution; t = tangential
resolution.
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FIGURE 4. Representative SPECT images obtained with 4 differ-
ent cameras: with phantom after simulation of small parietal defect
(insertion of small solid cube 15 mm in length) (left) and in subjects
involved in clinical part of study (right).

The contrast-to-noise ratios obtained for the phantom
(Fig. 3) were higher for Discovery NM 530c (4.6) and lower
for DSPECT (4.1), IQ-SPECT (3.9), and conventional
SPECT (3.5). In addition, an equivalent order of classifica-
tion was documented for human images: 5.2 = 1.0 for Dis-
covery NM 530c, 4.5 = 0.5 for DSPECT, 3.9 = 0.6 for
IQ-SPECT, and 3.4 * 0.3 for conventional SPECT (Fig. 3).

DISCUSSION

Objective measurements reflecting performance have al-
ready been described for the Discovery NM 530c and
DSPECT cameras, as well as for the IQ-SPECT collimation
system (6,11,14). However, the differences in count sensi-
tivity, as well as in image quality, remain unclear, espe-
cially in routine patient SPECT.

In the present study, head-to-head comparisons were
conducted by analyzing global performance parameters that
could be at least indirectly assessed on human SPECT
images, that is, count sensitivity, spatial resolution, and
contrast-to-noise ratio. Tomographic count sensitivities
were determined on a cardiac phantom rather than on point
sources to better reflect the conditions of routine SPECT.
These count sensitivities were nevertheless close to those
previously published for point sources placed at the center
of the field of view (Discovery NM 530c (20), DSPECT
(11), IQ-SPECT (12)). Of greater significance is the fact
that head-to-head comparisons gave evidence of a dramatic
superiority for the DSPECT camera. The count sensitivity
provided by this camera was indeed around 7-fold higher
than that from conventional SPECT and nearly 2-fold higher
than those from Discovery NM 350c and from 1Q-SPECT.

However, these differences could not be directly extrap-
olated to the conditions for human SPECT because of several

PerrORMANCE OF HiGH-SENSITIVITY CAMERAS ¢ Imbert et al.

interfering factors such as breathing and cardiac motion, as
well as body attenuation and diffusion. Hence, tomographic
count sensitivity was also indirectly assessed on human SPECT
images. For this purpose, myocardial counts normalized
to recording times and injected activities were compared
among groups of presumably healthy subjects (low pretest
likelihoods and normal test results) who had undergone
exercise SPECT on each of the 4 cameras and who had
comparable characteristics (exclusion of subjects with sub-
maximal testing, inclusion of male-only subjects weighing
< 100 kg).

The normalized myocardial activities thus obtained re-
presented approximately 1% of the count sensitivities ob-
tained on the cardiac phantom. This low percentage can be
explained by several factors: that only about 5% of the
injected activity is likely to pass through coronary vessels
(coronary flow expressed as percentage of cardiac flow)
(30), that less than 40% of this amount will be retained
within the myocardial tissue (retention fractions of sesta-
mibi under high-flow conditions (37,32)), and that the ad-
dition of body attenuation further decreases the number of
detected photons.

Finally, the results provided by these normalized activ-
ities were highly coherent with the count sensitivities from
the phantom—in particular, 2-fold higher values for DSPECT
than for Discovery NM 530c—possibly because of the differ-
ences in collimation systems between the Discovery NM
530c (pinholes) and the DSPECT (wide parallel holes). In
addition, the heart-centric methods of collimation for these 2
CZT cameras are likely to explain most of their enhanced
count sensitivity, when compared with conventional SPECT
(11,13,14).

Spatial resolution was analyzed with a National Elec-
trical Manufacturers Association—defined insert but with
routine reconstruction parameters and, thus, in a different
manner from that recommended in the National Electrical
Manufacturers Association procedures (large voxel size,
iterative methods of reconstruction). Therefore, our val-
ues of full width at half maximum were not the same as
those already published (/1,714) but were nevertheless
highly coherent while showing much better results with
CZT cameras and especially with the Discovery NM
530c. Furthermore, equivalent differences were observed
with regard to the sharpness of the myocardial contours
from human images (Fig. 3), a parameter strongly linked
to spatial resolution (25,26,33). This finding provides
evidence that the improvement in spatial resolution from
CZT cameras has a true impact on patients’ SPECT
images.

These differences in spatial resolution among the 4
cameras also correlated with corresponding differences in
contrast-to-noise ratio (Fig. 3). This observation illustrates
the general consideration that the contrast of myocardial
SPECT images depends mainly on the level of recon-
structed resolution. In addition, the difference in collima-
tion systems herein is also a likely explanation for much of
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the difference in spatial resolution and contrast between the
Discovery NM 530c (pinholes) and the DSPECT (wide
parallel holes). However, it is the pixelated organization
of CZT detectors that is the most likely explanation of
the enhancement in spatial resolution and contrast between
CZT and Anger SPECT (/3,14).

As a function of reconstruction parameters, there is a
balance between reconstructed noise on the one hand and
contrast and spatial resolution on the other. Our analyses
were performed with routine reconstruction parameters
and, thus, at a balance level that is considered to be well
adapted to clinical routine. However, the choice of other
reconstruction parameters could have affected our results.
In particular, it is likely that the image quality parameters of
the CZT cameras could have been enhanced using smaller
energy windows, with only a limited loss in count sensitivity,
but further studies are required to determine the optimal
energy windows for CZT SPECT. Additional enhancements
might be achieved using cardiac models, such as that avail-
able and recommended for the DSPECT camera; by new
low-dose protocols (34); and by triggering breathing, espe-
cially when using the stationery detectors of the Discovery
NM 530c (17).

As recommended by the manufacturers, thresholds
of £10% were applied for the °*™Tc energy windows of
the DSPECT and Discovery NM 530c cameras as op-
posed to £7.5% for the Symbia Anger camera. However,
this difference is unlikely to have any significant impact
on our results, particularly for the recording counts,
which increase no more than 10% when a £10% energy
window is used on the Symbia camera instead of a
*7.5% window.

In addition, human SPECT images were analyzed here
only in small subgroups of highly selected healthy sub-
jects. Therefore, it is likely that the further analysis of
larger groups with more varied characteristics would be
informative.

CONCLUSION

By a comprehensive analysis of phantom and human
SPECT images, this study provided evidence that the
physical performance of CZT cameras is dramatically
higher than that of Anger cameras, even when equipped
with astigmatic collimators. However, the 2 CZT cameras
are inherently different; spatial resolution and contrast-to-
noise ratio are better with the Discovery NM 530c, whereas
detection sensitivity is markedly higher with the DSPECT.
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