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The purpose of this study was to evaluate a small semiconduc-
tor-based gamma camera that may have applications in scinti-
mammography. Methods: A small cadmium zinc telluride (CZT)
detector was evaluated. The detector had a field of view of 20 X
20 cm with detector elements of 2.5 X 2.5 mm in size. Both
short-bore (35 mm) and long-bore (50 mm) collimators,
matched to the geometry of the detector elements, were eval-
uated. The imaging performance of the CZT detector was com-
pared with that of a conventional gamma camera equipped with
all-purpose and ultra-high-resolution collimators. The perfor-
mance of both systems with respect to breast imaging was
evaluated using a water tank containing small glass spheres,
1.8-9.8 mm in diameter. The effects of variations in breast
thickness, tumor depth, and tumor-to-background ratio were all
simulated in this phantom model. Total counts per image were
adjusted to approximate the count density observed in clinical
scintimammographic studies. Results: Sensitivity of the CZT
detector was 76% that of the equivalent Nal system. The sys-
tem demonstrated excellent integral uniformity. The energy res-
olution of the CZT system was 6.5% for 9™Tc. Spatial resolution
with the long-bore collimator was superior to that of a conven-
tional large field-of -view gamma camera equipped with an
ultra-high- resolution collimator, over the range 0-6 cm from
the collimator face. A blinded review of breast phantom images
showed that small spheres (=7 mm in diameter) were better
seen and had a better tumor-to-background ratio with the CZT
system than with the conventional gamma camera. Conclu-
sion: A small CZT detector offers superior performance to a
conventional gamma camera and should permit reliable detec-
tion of breast tumors <1 cm in size.
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quently, the breast must be imaged in the prone lateral
position with poor visualization of lesions located in the
medial wall or close to the chest wall. Optimal scintimam-
mographic imaging requires a system that cannot only be
positioned close to the breast but also allows the breast to be
imaging from any side with minimal interference from
adjacent activity in the body. Conventional Anger-based
gamma cameras cannot be positioned in this manner be-
cause of the 8- to 10-cm dead space between the active area
and the physical edge of the detector.

Several studies have reported on the development of
small compact gamma-camera systems that overcome the
problem of a large dead space. Several systems have been
developed based on position-sensitive photomultipliers
(PSPMTSs) coupled to an array of Nal or Csl crystdls3).
These systems generally have excellent spatial resolution
close to the collimator face, which is important for breast
imaging. However, most of these systems have significantly
poorer energy resolution than Anger-based systeh®. (

An alternative to PSPMTs for light detection is a silicon
photodiode usually coupled to Csl rather than N&BY.
These systems have achieved energy resolutions of 8%—
10%, which are comparable to those obtained with Anger-
based systems. Some PSPMT-based systems have been
developed using a single Nal cryst&,g). These systems
have better energy resolution than the multicrystal systems
but a very small field of view (6< 6 cm), making them
impractical for patient studies.

As an alternative to the above systems, over the last 5y
considerable progress has been made in the development of
room temperature semiconductor— based gamma cameras
(7-9). These systems havel-cm dead space at the edge of
the field of view and their modular nature permits detectors

The quality of scinimammographic images obtaineaf any size to be construct_ed_. From Qperformgnce perspec-
with a conventional Anger-based gamma camera is limitdf€, these systems have similar spatial resolution to PSPMT
by several factors. The primary limitation is the inability tnd silicon photodiode— based systems, but significantly
position the gamma camera close to the breast. ConBéfter energy resolution. Butler et &8) feported an energy
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resolution of <4% for %°"Tc. With close proximity to the
breast coupled with improved energy and spatial resolution,
cadmium zinc telluride (CZT)-based gamma cameras
should be able to detect smaller breast tumors than can be
detected with conventional Anger-based systems.

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 44 ¢ No. 4 < April 2003



The purpose of this study was to evaluate a small CZT
gamma camera both in terms of its performance character-
istics and its application to scintimammography.

MATERIALS AND METHODS

CZT Detector

The CZT gamma camera evaluated in this study (Fig. 1) was a
|aboratory prototype (General Electric Medical Systems, Haifa,
Israel). The detector contained 25 CZT modules. Each module was
4 X 4 cm with 256 (16 X 16) CZT elements per module, giving
an 80 X 80 array of CZT elements. Each element had dimensions
of 2.5 X 2.5 mm with athickness of 5 mm. The 80 X 80 array had
a total detector area of 20 X 20 cm? The system had a useful
energy range of 50—200 keV and was equipped with either a
genera-purpose (GP) or a long-bore (LB) collimator. The colli-
mators had sguare holes with dimensions of 2.3 X 2.3 X 35 mm
and 2.3 X 2.3 X 50 mm for the GP and LB collimators, respec-
tively. The collimator holes were matched to the geometry of the
detector elements. System sensitivity was measured for both col-
limators using a point source of *™Tc placed at 10 cm from the
collimator face and a —8%/+ 10% energy window centered on the
140-keV photopeak of ©MTc.

System uniformity was measured using a refillable %™Tc sheet
source. Integral and differential uniformity valueswere determined
according to the National Electrical Manufacturers Association
standard (10). To determine system stability, measurements were
performed over a period of 40 d without intervening recalibration
of the system. Energy resolution was measured intrinsically from
the full width at half maximum of the photopeak using point
sources of ¥MTc¢ and 5’Co. Extrinsic spatial resolution was mea-

FIGURE 1. CZT detector with compression paddle mounted
on stand for scintimammography.
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sured using a ®mTc line source placed at distances of 0.5-10 cm
from the collimator face. The line source was orientated at a
precisely known oblique angle to the collimator holes to permit
oversampling of the pixels. Count profiles of the line source
images were generated and the full width at half maxima were
mesasured. Linear regression analysis was used to determine the
relationship between distance and extrinsic resolution. All images
were acquired in an 80 X 80 matrix size with apixel size of 2.5 X
2.5 mm. For convenience, this matrix was padded out to a 128 X
128 matrix with blank pixels.

Gamma Camera

To compare the CZT detector with a conventional gamma
camera, procedures comparable to those described above were
performed on 1 head of a standard dual-head gamma camera
(Helix system; Elscint, Haifa, Isragl). This system was equipped
with either a GP (HPC-35) or ultra-high resolution (HPC-46)
collimator. The collimators had hexagonal holes of diameter 2.0
and 2.7 mm and length 35 and 38 mm for the HPC-46 and HPC-35
collimators, respectively. System sensitivity was measured for
both collimators using a standard 20% energy window centered on
the 140-keV photopeak of ®MTc. In addition, system sensitivity
was measured for the GP CZT collimator on the Helix system by
removing the Helix collimator and placing the CZT collimator on
the crystal. The parts of the crystal that were left exposed were
shielded with lead. All images were acquired into 128 X 128
matrix size with a zoom of 2, giving a pixel size of 2.2 mm.
Extrinsic spatial resolution was measured using a®*™Tc line source
placed at distances of 520 cm from the collimator face and
aligned along the x- or y-axis of the gamma camera. Count profiles
of the line source images were generated and the full width at half
maxima were measured. Linear regression analysis was used to
determine the relationship between distance and extrinsic resolu-
tion.

Breast Phantom

A breast phantom (Fig. 2) was constructed to evauate the
expected performance of this system in scintimammography. This
comprised a 20 X 20 X 20 cm plastic box containing a small
plastic jig on which 3 glass rods containing 4 spheres each were
mounted to simulate breast tumors. On each rod, the spheres were
constructed to have approximate diameters of 10, 7.5, 5, and 2.5
mm. Actual measured internal diameters of the 12 spheres were
9.8,9.3,9.2,7.2,7.2,6.7,4.9,4.6,4.4,3.2,2.2,and 1.8 mm. Breast
thickness, tumor depth, and theratio of tumor to soft-tissue activity
were al adjustable in this phantom. For this study, breast thickness
was varied from 3 to 6 cm. This range closely matches that seenin
clinical scintimammographic studies with light (pain free) com-
pression, where breast thicknessin the craniocaudal view averaged
4.6 = 2.9 cm and only 6% of breasts had a thickness of >6 cm
(12). “Tumor” depth was varied from 1 to 4 cm. The phantom and
spheres were filled with water and %™Tc to give tumor-to-back-
ground (T/B) ratios of 3:1, 6:1, and 12:1. Thisrange of T/B ratios
corresponds to those observed in patients with breast cancer, where
the average ratio of tumor to soft-tissue from postoperative tissue
samples ranged from approximately 2:1 to 13:1, with amean value
of 5.64 * 3.06 (12).

Acquisition Parameters

To determine the appropriate count density that would simulate
clinica studies, we analyzed 25 scintimammographic studies ac-
quired on a conventional gamma camera (Orbiter 7500; Siemens
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Breast phantom containing
adjustable jig with simulated tumors

Jig containing simulated tumors

Schematic diagram of simulated tumors
and their internal diameters (in mm)

FIGURE 2. Breast phantom with plastic jig supporting array of simulated tumors (9.8-1.8 mm in diameter). Schematic diagram

shows size and location of simulated tumors.

Medical Systems, Hoffman Estates, IL) equipped with a high-
resolution collimator (collimator sensitivity was measured at 6.08
counts [cts]/min/kBq). After injection of 1.11 GBqg (30 mCi)
9mTc-sestamibi, lateral views of the breast were acquired for 10
min per view. Using region-of-interest analysis, counts in each
breast were obtained and adjusted for region size to give counts/
cm?. The average count density (in counts/cm?) was obtained for
al 25 studies and multiplied by a factor of 400 to give the total
counts that would be acquired if the breast were to occupy fully a
20 X 20 cm field of view. This value was adjusted to account for
differencesin collimator sensitivity on the CZT and Helix systems.
All bresst phantom images on the CZT and Helix systems were
acquired for their respective adjusted total counts.

From images acquired with the GP (CZT) and HPC-35 (Helix)
collimators, 4 observers scored the number of tumors seen in the
breast phantom images for various breast thicknesses and T/B
ratios. In detail, 1 image was acquired at each of 3 breast thick-
nesses, 3.0, 4.5, and 6.0 cm, for tumors at a depth of 2 cm with a
T/B ratio of 6:1 (3 CZT images, 3 Helix images). Likewise, 1
image was acquired at each T/B ratio, 3:1, 6:1, and 12:1, for
tumors at a depth of 2 cm in a4.5-cm-thick breast (3 CZT images,
3 Helix images). Each observer reviewed the 12 images with 12
tumors present in each image. To blind observers to tumor loca-
tion, each image was modified in Photoshop (Version 6.0; Adobe
Inc., San Jose, CA), and tumors were randomly repositioned
throughout the image. Tumor detection was ranked on a 1-5 scale
(5 = foca uptake, high intensity; 4 = focal uptake, medium
intensity; 3 = focal uptake, low intensity; 2 = equivocal uptake;
1 = normal, no tumor). To improve the statistical accuracy of the
results, data were pooled for tumors of the same approximate size,
resulting in 4 groups with average diameters of 9.4 = 0.3, 7.0 =
0.3, 46 = 0.2, and 2.4 = 0.7 mm. For each group, the average
score per reviewer was calculated. T/B contrast in these images
was determined by measuring the maximum pixel value within a
small region of interest placed over each lesion (or its known
location if not clearly visible) and dividing by the mean back-
ground pixel value.

To illustrate clinical image quality, examples of 2 patient stud-
ies are presented in the Results. Studies were performed 10 min
after injection of 740 MBq (20 mCi) *™Tc-sestamibi. Craniocau-
dal (or reverse craniocaudal) and mediolateral oblique views were
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obtained of each breast for 10 min per view using the LB colli-
mator.

RESULTS

Performance Characteristics

For 9mTc, the energy resolution was measured at 6.5%
and 8.7% for the CZT and Helix systems, respectively.
Figure 3 shows comparable intrinsic energy spectra from
the CZT and Helix systems for a point source of 5’Co. The
conventional gamma camera does not yield the clear sepa-
ration of the 122- and 136-keV photopeaks seen in the
spectrum from the CZT detector. However, the CZT spec-
trum shows increased counts below the photopeak due to
the tailing phenomena associated with semiconductor de-
tectors (7).

Several defective CZT pixels were present in this proto-
type system. These pixels showed up as cold spots on the
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FIGURE 3. Energy spectra for 5Co from CZT and Helix

gamma cameras.
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FIGURE 4. Collimator resolution as function of distance from

collimator face for GP and LB collimators on CZT system and
for HPC-35 (GP) and HPC-46 (ultra-high resolution) collimators
on Helix system.

uniformity images. For measurement of uniformity, these
pixels were excluded and replaced by their nearest-neighbor
averages. System uniformity degraded dightly over the
40-d evaluation period, from an integral uniformity of 2.0%
on day 1 to ~3% on day 40. Likewise, energy resolution
showed a small change over this period (6.5% on day 1 and
6.8% on day 40).

Measured collimator sensitivities for the CZT detector
were 7.30 ctmin/kBq and 3.05 ctsmin/kBq for the GP and
LB collimators, respectively. For the Helix gamma camera,
measured collimator sensitivities were 7.43 ctsmin/kBq
and 2.95 ctmin/kBq for the GP (HPC-35) and ultra-high-
resolution (HPC-46) collimators, respectively. Measure-
ment of the sensitivity of the GP CZT collimator on the
Helix system yielded a value of 9.60 ctmin/kBq, indicat-
ing a detection efficiency of 76% for the CZT detector
relative to the Helix system. Hence, because comparable
system sensitivities were obtained between the CZT detec-
tor with the LB collimator and the Helix system with the

Helix system

High-
resolution

General-
purpose
collimator

decm

Tumor depth:

Breast thickness: 6cm
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ultra-high-resolution collimator, it can be assumed that the
LB collimator had poorer collimator resolution than the
HPC-46 collimator. This is confirmed (Fig. 4). Figure 4
plots the measured system resolution for the GP and LB
collimators on the CZT detector compared with the mea-
sured system resolution for the GP (HPC-35) and high-
resolution (HPC-46) collimators on the Helix system. At the
clinically relevant tumor depths of 2—4 cm, the LB colli-
mator yields a 0.8- to 1.2-mm improvement in system
resolution relative to the HPC-46 collimator, with compa-
rable sensitivity, whereas the GP collimator yields up to
0.8-mm improvement in resolution with a factor of 2.5
increase in sensitivity. These gains in resolution are primar-
ily due to matching of the CZT elements to the collimator
holes, because this effectively eliminates the impact of
intrinsic resolution on system resolution. It is only at dis-
tances of >7 cm that the ultra-high-resolution collimator on
the Helix system exceeds the performance of the LB colli-
mator on the CZT detector.

Breast Phantom Results

Analysis of the count density in the 25 clinical scinti-
mammograms gave an average value of 4.56 + 2.56 kcts/
cm?. This corresponds to 1.8 Mcts for a 20 X 20 cm breast
phantom. Acquired total counts per image on the CZT
detector were adjusted to 2.16 and 0.90 Mcts for the GP and
LB collimators, respectively. Corresponding values for the
HPC-35 and HPC-45 collimators on the Helix system were
2.2 and 0.87 Mcts, respectively.

Figure 5 shows comparabl e images of the breast phantom
acquired on the CZT and Helix systems with both GP and
high-resolution collimators. The T/B ratio was 6:1 with a
tumor depth of 2 cm in the 4.5-cm-thick breast and 3 cm in
the 6-cm-thick breast. Because the use of the higher reso-
lution collimators (LB and HPC-46) appeared to give com-
parable results in terms of tumor contrast to those obtained
with the GP collimators, further studies on the CZT and
Helix systems were performed using the GP and HPC-35
collimators, respectively.

CZT detector

FIGURE 5. Images of breast phantom
acquired on CZT and Helix systems with
general-purpose and high-resolution colli-
mators. Images were acquired at tumor
depths of 3 and 2.5 cm with breast thick-
ness of 6 and 4.5 cm, respectively. T/B
ratio = 6:1 for all images.
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Breast thickness

T/ B ratio = 6:1

T/B ratio 3:1

Breast thickness = 4.5 cm

Tumor depth =2 cm

T/ B ratio = 6:1 Breast thickness = 6 cm

FIGURE 6. Comparison of images of breast phantom ac-
quired on CZT and Helix systems with general-purpose collima-
tors. (A) Effect of breast thickness on tumor visibility. Images
were acquired at tumor depth of 2 cm with breast thickness of
3-6 cm. T/B ratio = 6:1 for all images. (B) Effect of T/B ratio on
tumor visibility. Images were acquired at tumor depth of 2 cm
with breast thickness of 4.5 cm. T/B ratio ranged from 3:1 to
12:1. (C) Effect of tumor depth on tumor visibility. Images were
acquired at tumor depths of 2—4 cm with breast thickness of 6
cm. T/B ratio = 6:1 for all images.

Figure 6 shows the effect of breast thickness, tumor
depth, and T/B ratio on the visibility of tumorsin the breast
phantom with the CZT and Helix systems equipped with the
GP collimators. Of these 3 variables, the T/B ratio appears
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TABLE 1
Effect of Breast Thickness on Average Tumor Score

Tumor diameter

Breast
thickness (cm) 9.4 mm 7.0 mm 4.6 mm 2.6 mm
6.0 5.0/5.0 4.2/3.7 1.4/1.1 1.0/1.0
4.5 5.0/5.0 4.3/3.8 2.4/1.2 1.0/1.0
3.0 5.0/5.0 4.8/4.7 3.0/1.4 1.0/1.0

Tumor depth = 2 cm; T/B ratio = 6:1. Results are shown for
CZT/Helix systems for each breast thickness and average tumor
diameter.

to have the most significant effect on tumor detection.
Tables 1-4 compare tumor score and tumor contrast on the
CZT and Helix systems as a function of average tumor
diameter for various T/B ratios and breast thicknesses.
Whereas tumor score was comparable between the CZT and
Helix systems for tumors 9—10 mm in diameter, the CZT
system had consistently higher scores for tumors =7 mm in
diameter at all T/B ratios and breast thicknesses. Likewise,
with the exception of the smallest (<4 mm) tumors, contrast
was higher in the CZT images compared with the Helix
images at all T/B ratios and breast thicknesses.

Figure 7 shows 2 examples of clinical ®MTc-sestamibi
breast studies acquired on the CZT system (craniocaudal
views). Surgical pathology confirmed the presence of 10.6-
and 5-mm infiltrating ductal carcinomas in these patients.

DISCUSSION

This prototype CZT detector illustrates many of the ad-
vantages a semiconductor-based gamma camera has over a
conventional Anger-based gamma-camera system. Semi-
conductor-based systems have significantly better energy
resolution than Anger-based systems (Fig. 3) or multicrystal
Nal or Csl systems using PSPMTs or silicon photodiodes
(1-6). The pixilated nature of this detector results in an
intrinsic resolution of 2.5 mm. Because the collimator is
matched to the individual detector elements, the system
resolution is effectively determined solely by the collimator
resolution. With a conventional gamma camera, the colli-

TABLE 2
Effect of Breast Thickness on Tumor Contrast

Tumor diameter

Breast
thickness (cm) 9.4 mm 7.0 mm 4.6 mm 2.6 mm
6.0 1.59/1.53 1.41/1.30 1.20/1.20 1.14/1.16
4.5 1.76/1.68 1.44/1.36 1.23/1.21 1.16/1.20
3.0 2.04/1.95 1.61/1.54 1.33/1.29 1.15/1.23

Tumor depth = 2 cm; T/B ratio = 6:1. Results are shown for
CZT/Helix systems for each breast thickness and average tumor
diameter.
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TABLE 3
Effect of T/B Ratio on Average Tumor Score

Tumor diameter

T/B ratio 9.4 mm 7.0 mm 4.6 mm 2.6 mm
3:1 4.3/3.7 1.715 1.0/1.0 1.0/1.0
6:1 5.0/5.0 4.3/4.0 1.4/1.0 1.0/1.0

12:1 5.0/5.0 5.0/5.0 3.6/3.4 1.5/1.1

Tumor depth = 2 cm; breast thickness = 4.5 cm. Results are
shown for CZT/Helix systems for each T/B ratio and average tumor
diameter.

mator and the crystal are 2 independent devices, each with
their own resolving power. Hence, if multiple y-rays enter
through the same hole in the collimator and strike exactly
the same spot on the crystal, the limited resolution of Nal
further degrades the positioning of these events by 3—4 mm.
However, with pixilated detectors, if each collimator holeis
matched to an individual pixel element, the collimator hole
+ pixel element can be considered as an independent de-
tector relative to adjacent collimator holes; hence, resolu-
tion is determined only by the collimator. This can be seen
from Figure 4, where the system resolution with CZT at 0
cm is 2.5 mm—the width of the collimator hole—whereas
with the Helix system it is 4 mm (collimator resolution, 2
mm; intrinsic resolution, 3.5 mm). Hence, there is a signif-
icant gain in system resolution at distances of 0—6 cm from
the collimator face compared with a conventional Nal-based
system (Fig. 4).

In addition to its superior performance characteristics, the
CZT detector is a more compact detector, with a thickness
of ~5 c¢m compared with a thickness of 30—40 cm for a
conventional system. This allows for a significant reduction
in detector shielding and weight and should permit the
design of imaging systems that are more compact and
lightweight. An additional advantage that is discussed in
more detail below isthe absence of alarge dead space at the
edge of the detector field of view. The modular nature of the
CZT detector also permits the fabrication of detectors in a
variety of shapes and sizes. These physical features of the
CZT detector permit it to be used in ways not possible with

TABLE 4
Effect of T/B Ratio on Tumor Contrast

Tumor diameter

T/B ratio 9.4 mm 7.0 mm 4.6 mm 2.6 mm
3:1 1.27/1.32 1.21/1.19 1.15/1.19 1.16/1.22
6:1 1.76/1.68 1.44/1.36 1.23/1.21 1.16/1.20

12:1 2.63/2.48 1.83/1.78 1.35/1.33 1.21/1.23

Tumor depth = 2 cm; breast thickness = 4.5 cm. Results are
shown for CZT/Helix systems for each T/B ratio and average tumor
diameter.
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Study 1:
10.6-mm IDC

Study 2:
5.0-mm IDC

Right CC

-
PP
g

Right CC-rev

FIGURE 7. Example of clinical studies acquired on CZT de-
tector. Craniocaudal (CC) and reverse craniocaudal (CC-rev)
views show tumors of diameter 10.6 and 5 mm (confirmed at
pathology) in 2 patients with invasive ductal carcinoma (IDC).

aconventional system. It can be used to image the breast in
a similar manner to conventional mammaography. It can be
positioned closer to the body for lymphoscintigraphy than a
conventional system, and a smaller version would be of
value for intraoperative surgical procedures. It should aso
be noted that the system evaluated in this study was a
prototype and we anticipate improvements in many of its
performance characteristics as this technology matures.
One of the limitations that is encountered in semiconduc-
tor detectors is energy tailing of events on the low-energy
side of the photopeak (7) (Fig. 3). These events are caused
by several factors, including incomplete charge collection
for some photons and energy sharing between adjacent CZT
pixels for photons that strike the detector at pixel bound-
aries. This tail makes it difficult to take advantage of the
improved energy resolution of CZT (through use of a nar-
rower energy window), because exclusion of these events
from the energy window leads to a reduction in sensitivity
and partly accounts for the reduced sensitivity of the CZT
system relative to the Helix system. Despite this tailing
problem, we anticipate some reduction in scatter content of
images because scattered events will be preferentially de-
graded to lower energies and not up into the energy window.
Majewski et al. (1) have found that scatter reduction or
elimination is particularly important for the breast region
closest to the chest wall. Reduction of the tail should im-
prove energy resolution and permit use of anarrower energy
window with reduction in scatter. Butler et al. (8) have
demonstrated that, with innovative techniques for charge
collectionin CZT detectors, the magnitude of the tail can be
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reduced, giving not only an improvement in energy resolu-
tion but also an improvement in sensitivity.

Proper alignment of the collimator holesto the individual
CZT elements is a critical factor in obtaining optimal sys-
tem resolution and minimal cross-talk between adjacent
pixels. Slight misalignment between the collimator holes
and the CZT elements was found to degrade extrinsic res-
olution measurements and result in the appearance of sec-
ondary peaks on extrinsic line spread function measure-
ments. Many of these technical issues should be improved
or resolved as this technology matures.

Optimal breast scintigraphy requires a detector that is
capable of imaging the breast in an orientation similar to
mammography. Conventional gamma cameras cannot be
positioned in such a manner because of the large dead space
at the edge of the detector. This dead space was measured at
8 cm on the Helix system and 10 cm on a Siemens Orbiter
system, which makes it impossible to image the breast in a
craniocaudal view, aswith conventional mammography. By
comparison, many of the pixilated scintillation systems
(1-6) have dead spaces limited only by the shielding at the
edge of the detector. The CZT detector used in this study
had a dead space of 0.8 cm at the surface of the detector. It
should be possible to further reduce this dead space because
this detector was not designed or optimized for scintimam-
mography. In addition, the use of an LB collimator moves
this edge further away from the breast and should permit the
posterior aspects of the breast to be included in the field of
view. This feature, combined with its improved energy and
spatial resolution, makes the CZT detector ideally suited for
scintimammography. As would be expected from the sys-
tem resolution measurements shown in Figure 4, the CZT
system was better able to detect the ssmulated tumorsin the
breast phantom and had a higher contrast compared with a
conventional gamma camera (Tables 1-4).

Although the improved performance of the CZT detector
compared with the conventional Nal system is by itself
relatively modest, it should be noted that it would be ana-
tomically impossible for a conventional system to image the
breast as we have done with this phantom model. In clinical
studies, Scopinaro et al. (11) have reported that imaging of
the breast in the prone position resulted in a breast thickness
of ~16 cm, whereas imaging in the craniocaudal position
with light (pain free) compression resulted in a breast thick-
ness of 4-5 cm (11). This 3- to 4-fold reduction in breast
thickness should significantly improve the ability of a
gamma camera to detect smaller and deeper lesions. With a
breast thickness of 4-5 cm, tumors will be a maximum of
2-3 cm from the collimator face. At this distance, the CZT
detector offers a significant improvement (~1 mm) in spa-
tial resolution compared with a conventional Nal detector
(Fig. 4). Two large multicenter trials have shown that with
prone imaging, scintimammography has a high sensitivity
(75%—-90%) for tumors >10-15 mm in diameter, but a poor
sensitivity (40%-48%) for tumors <1 cm in diameter
(13,14). Waxman et a. (15) reported that the mean diameter
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of lesions missed by scintimammography was ~9 mm.
More recently, Lumachi et al. (16) obtained similar results
and reported an average lesion size of 10.0 + 3.5 mm for
lesions missed by conventional scintimammography. In
contrast to these results, a recent study by Brem et a. (17)
using asmall pixilated detector detected 10 of 15 lesions <1
cm in size compared with only 7 of 15 lesions detected by
conventional scintimammography. This study supports our
results presented in Tables 1-4 and in Figures 5-7 and
indicates that scintimammography with a CZT system
should perform significantly better than prone imaging with
aconventional system for the detection of tumors <1 cmin
diameter. In theory, a dual-detector CZT system coupled
with light breast compression should further improve tumor
detection (1) and may permit reliable detection of tumors as
small as 5-7 mm in the breast.

We have recently started clinical trials with the CZT
detector to ascertain the limits of tumor size that can be
reliably detected with thistype of device. Figure 7 illustrates
the type of image quality obtained with this system in
patients. These studies show 5- and 10-mm lesions well
visualized in the breasts of 2 patients with invasive ductal
carcinoma. It is of interest, however, that in the patient with
the 5-mm lesion, the lesion was only seen on the reverse
craniocaudal view. This would argue for the use of a dual-
head detector system for optimal breast imaging.

Inclinical practice, it isimportant that the breast tumor be
both detected and accurately localized. In theory, this can be
accomplished in several different ways. Several investiga-
tors have evaluated the potential of a dedicated SPECT
system for breast imaging (18,19). One of the limitations of
the current tomographic designs appears to be the long
imaging time (1 h) required to obtain adequate image qual-
ity (18). Majewski et a. (1) compared planar versus SPECT
imaging and concluded that planar imaging, with 2 oppos-
ing detector heads, while the breast is under compression
yielded better visualization of small lesions than SPECT
imaging. A dual-head system would allow an estimation of
tumor depth from the ratio of counts from opposing detec-
tors. The use of dant-hole collimators could be used to
triangulate tumor position and depth. Finally, a combined
scintimammography/mammography system may be useful
for coregistration of the mammographic findings with those
from scintimammography.

CONCLUSION

The imaging characteristics of a prototype CZT detector
were evaluated for scintimammography. The detector ex-
hibited improved energy and spatia resolution compared
with a conventional gamma-camera system. Results in a
phantom model showed significant gainsin tumor detection,
particularly for tumors 57 mm in diameter. The small dead
space at the edge of the detector allows the device to be used
in a similar manner to conventional mammography. The
ability to position a CZT detector close to the breast as in
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mammography, combined with the significant reduction in
breast thickness compared with conventional scintimam-
mography, should permit a CZT detector to reliably detect
tumors <1 cm in size.
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